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Inthe treatment of 
-atrial fibrillation... 


it’s one thing to restore the rhythm... 
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How to brake the heart. The modern 
ethod of choice for conversion of atrial fibrillation 
to normal sinus rhythm is direct current countershock. 
aintaining normal sinus rhythm —and maintaining 
he patient—is another matter. A “pharmacologic 
pacemaker” that has a fundamental antiarrhythmic 
action is Quinaglute® (quinidine gluconate). A specific 
‘Or maintaining normal sinus rhythm, Quinaglute 
as certain distinct advantages for long-term control: 






f the unique Dura-Tab® construction permits 
gradual release of quinidine gluconate to maintain 
erapeutic quinidine plasma levels for 8 to 12 hours. 


the convenient 8 or 12 hour dosage schedule 
Ips avoid middle of the night dosage and early 
morning reversion. 


Quinaglute Dura-Tabs are well tolerated with 
few gastrointestinal disturbances 
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quinidine gluconate) 5 gr. (0.33 Gm.) 
eg pharmacologic pacemaker” 


. 


UINAGLUTE DuraTabs' 


Indications: For the prevention of premature atrial, nodal or ventricular contractions. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial, nodal or ventricular tachycardia, atrial flutter and fibrillation (paroxysmal or 
chronic). 

Contraindications: Same as for other forms of quinidine, including partial A-V or com- 
plete heart block; intraventricular conduction defects, especially marked QRS widen- 
ing; sensitivity to quinidine; renal disease with significant azotemia; development of 
cardiotoxic effects (conduction defects or ventricular premature beats, ventricular 
tachycardia, or flutter) while taking the drug; marked cardiac enlargement with con- 
gestive failure; poor renal function especially with tubular acidosis. 

Precautions: Same as for quinidine. To detect idiosyncrasy, e.g., febrile reactions, 
skin eruptions, thrombocytopenic purpura, and respiratory embarrassment, administer 
preliminary test dose of single tablet of quinidine sulfate. Use extreme caution in pa- 
tients with severe heart disease, congestive heart failure, digitalis intoxication, renal 
insufficiency. Administer cautiously, if at all, to senile patients. Hospitalization (for 
close observation, ECG monitoring and possibly plasma quinidine levels) indicated 
when administering large doses with patients presenting increased risk. With the 
dosage regimen (see ‘‘Dosage"') of 2 tablets every 8 hours, higher blood levels than 
necessary for maintenance of normal sinus rhythm could be reached, whereas with 
1 tablet every 12 hours, the blood levels may be too low to maintain normal sinus 
rhythms. Should not be used during pregnancy. 

Adverse reactions: Instruct patients to report any symptoms of cinchonism. at once 
(including tinnitus, decreased auditory acuity, vertigo, blurred vision, color perception 
disturbances, photophobia, diplopia, night blindness, scotomata, reduced visual 
fields, mydriasis, and respiratory distress); the drug should be discontinued immedi- 
ately if such symptoms or evidence of hypotension occur. If gastrointestinal disturb- 
ances (rarely reported) occur, they may be minimized by administering the drug with 
food, or if they persist, dosage should be decreased. 

Dosage: The dosage varies considerably depending upon the general condition and 
cardiovascular state of the patient. The quantity and frequency of administration must 
be determined for each patient. For the prévention of premature atrial, nodal or ven- 
tricular contractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial fibrillation, tachycardia or flutter, 2 tablets every 12 hours or 1¥2-2 tablets 
every 8 hours are usually required. The occasional patient may be maintained in nor- 
mal rhythm on a dosage of 1 tablet every 12 or 8 hours. Occasionally larger or more 
frequent dosage may be required, but such increases should be used only after 
thorough evaluation of the patient, including serial electrocardiograms and determina- 
tion of plasma quinidine levels. The ideal dosage is the minimum amount of total 
dose and frequency of daily administration that will prevent premature contractions, 
paroxysmal tachycardias, and maintain normal sinus rhythm. 

Supplied: Bottles of 100 and 250 tablets. 


Goper Cooper Laboratories, Inc., Wayne, N.J. 07470, U.S.A. 
Ste. Therese, P.Q., Canada 
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As medical experience 
defines more and more 
patients who should be spared 
the severe depressant effects of 
narcotic analgesics... 





SThePain 


Populati 
in need 


When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects 
(circulatory, respiratory, 
urinary ) of narcotics may 
be increased: 
in patients with 
e chronic illness 
e advanced age 
e chronic obstructive 
lung disease 
e pleural effusion 
e cirrhosis 
e myocardial 
infarction 
e prostatic 
hypertrophy 


in patients who have had 


e general anesthesia 
e considerable 


blood loss 


e muscle relaxants 
for surgery 


„and in many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 
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Injectable 


0 


Talwin 


pentazocine 


(as lactate) 


Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to morphine, Talwin 
causes less severe respiratory 

depression, hypotension, urinary 

retention, constipation. 


Talwin is less likely to cause 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to analgesic effect has 
not been reported. 


Not subject to narcotic controls. 


See next page for a discussion of 
warnings, precautions, adverse 
reactions and other Prescribing 
Information. 


Injectable 


pentazocine 


(as lactate) 


in moderate 
to severe pain 
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Talwin® © - 
Brand of pentazocine (as ia 
Analgesic for Parenteral Use 


tate) , 


Available in 
30mg., 45 mg., and 60mg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevat- 
ing cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
isting increase in intracranial pressure. Fur- 
thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics. Talwin should be used with cau- 
tion in women delivering premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. Ab- 
rupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient’s symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 
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against pain 


. of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and: confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of this reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin in this age group is 
not recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
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mic; blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 
the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adu/ts, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampu/s of 1 mi. (30 mg.) and 
11⁄2 ml. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 mi (60 mg.) in boxes of 25 and 
100. Each 1 ml. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 
Multiple dose vials of 10 mil., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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PROVIDES THREE IMPORTANT ADVANTAGES... 
Low Profile Lenticular Design. The low profile disc principle reduces cage protrusion into the 
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ventricle. There is less design-imposed opportunity for trauma to the interventricular 
septum or obstruction to the left ventricular outflow tract. A low profile lenticular 


valve is particularly suited for patients with small ventricular chambers such as children and adults 


with mitral stenosis!+7.* 


Pyrolite* Carbon Coating on Disc and Cage Legs. The alloyed carbon, Pyrolite, is used to coat 
both the disc and the cage legs of the valve. This strong, impermeable material is thrombo- 
resistant, physiologically inert, and offers remarkably long wear-resistant characteristics? 

Dacron’ Velour Covered Sewing Ring and Base. The sewing ring and seat is completely 
covered with Dacron velour to eliminate the customary cloth ring/metal seat interface and to 
encourage incorporation by ingrowth of autologous tissue*** 


Artificial Organs Division Specialists would like the opportunity to show you the Beall mitral valve 


and to review supporting data. Your inquiry will receive prompt attention. 
*Pyrolite is a trademark of Guif Atomic Incorporated Dacron ts. a trademark of DuPont 
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Cardiac Crisis, 


ushin 
one button 
is enough. 


The Parke-Davis 3300, 3-channel 
automatic electrocardiograph gives 
you one-button command in a crisis. 
Responding on all 12 ECG leads 
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provide lead identification automat- 
ically in 10 seconds. 


The 3300 electrocardiograph 
emphasizes patient safety — leakage 
current is less than eight micro amps 
from any 120 volt AC source. De- 
signed to meet existing UL stand- 
ards and the recommended American 
Heart Association electrical specif- 
ications. 

Saving you precious seconds means 
that our advanced 3300 3-channel 
electrocardiograph is a must for 
hospitals and clinics. It gives you 

a host of features that only begin 
with its one-button-command 

ease of operation. 
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Medicine Electronically.” For com- 
plete details or a demonstration, call 
your authorized Parke-Davis Medical 
Instruments representative now. 


PARKE-DAVIS 


MEDICAL INSTRUMENTS DIVISION 


Waltham, Mass. 02154 
(617) 890-7250 
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Holter DCG Monitoring Case History No.13 


A 47-year-old male physician with a history of nocturnal occurred and the patient slept through it. At about 4:10 
chest pain was monitored by a continuous recording utiliz- A.M., the patient reported chest pain, and the DCG revealed 
ing the Holter DCG technique. (1) marked ST segment depression and (2) ventricular 
The first strip reveals no significant abnormalities. The sec- bigeminy. With the help of a continuous DCG while the 
ond strip, recorded at about 2:35 A.M. while the patient patient slept, his physician was able to correctly analyze 
slept, reveals an ST segment depression of 0.4 mv. No pain the abnormality and institute appropriate therapy. 





Courtesy of Cardio-Dynamics Laboratories, Inc. 


Now Available To Every Physician... 


DYNAMIC ELECTROCARDIOGRAPHY"(DCG) 
WITH THE AVIONICS-HOLTER SYSTEM 





24-hour ECG 24-minute scan 
recorder for of ECG tape 
ambulatory recording plus 
patients standard ECG 
documentation 
of abnormalities 
e Post MI Follow-Up e Evaluation of Drug Administration 
e Phantom Chest Pains and Dizziness e Ease of Operation 
e Pacemaker Evaluation e Ease of Economic Justification 


For more information, return the coupon below. 
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[] Please send me the literature. | would like to know more about Holter monitoring and 
the Avionics Dynamic Electrocardiographic Systems. 


C Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 


Name and Title 
Organization 
Address 
City State Zip 


AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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CLINICAL STUDIES 


1 Diffuse Muscular Subaortic Stenosis: Surgical Treatment 


DENTON A. COOLEY, ROBERT D. LEACHMAN and DON C. WUKASCH 


Mitral valve replacement was successfully used to relieve left ventricular outflow obstruction in 9 pa- 
tients with “mitrogenic” subaortic stenosis or diffuse muscular subaortic stenosis resulting from impinge- 
ment of the hypertrophied interventricular septum upon the mitral valve during systole. Three stages of 
this disorder are described, and appropriate medical and surgical treatment is suggested. 


7 Atrial Septal Defect in Adults. Clinical and Hemodynamic Results of Surgery 


KAMAL S. DAVE. BROJESH C. PAKRASHI, GEOFFREY H. WOOLER and MARIAN |. IONESCU 


Closure of secundum type atrial septal defects in 32 adults aged 30 to 57 with the use of cardiopulmo- 
nary bypass had low mortality and morbidity rates and produced considerable clinical and hemodynamic 
improvement irrespective of preoperative complications. Postoperatively a statistically significant re- 
duction was noted in the cardiothoracic ratio and pulmonary arterial pressures and a consistent rise in 
calculated pulmonary to systemic resistance ratio. 


14 Later Results of Closure of Secundum Atrial Septal Defect in Children 


DENNISON YOUNG 


These results of closure of secundum atrial septal defect in 71 children aged 2 to 17 years suggest that 
early closure is Curative for most, but that residual myocardial disease may ultimately produce less than 
normal life expectancy in some. 


23  Electrocardiographic Changes During Selective Aortocoronary Saphenous Vein Bypass Graft 
Angiography in Man 


ALBERTO BENCHIMOL, KENNETH B. DESSER and JAMES A. SCHUMACHER 


This study of 20 patients demonstrates the value of electrocardiographic changes during selective 
aortocoronary saphenous vein bypass graft angiography as a physiologic indicator of aortocoronary 
bypass efficacy. 
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The Burdick Compact 
Coronary Care Center 


—a sensible and economical answer to the 
hospital’s need for coronary care facilities 





| rovvervuy 


The Burdick Compact 
Coronary Care Center answers 
the three demands of sound 
operational economy — 
Mobility, Versatility and Full 
Utilization—without equipment 
overpurchase. Specialized 
personnel and modern 
electronic monitoring 
equipment must be on constant 
24-hour standby. Burdick’s 
flexible approach will give 

you maximum versatility of 
equipment between 
departments. Start with the 
basic console ECG, adding 
equipment tailored to your 
need to extend your coronary 
care skills to a number of 
critical areas—one-bed ICU, 
mobile emergency room, 
stress-exercise monitoring, 
monitoring in Surgery and 
Recovery. Build to the 
complete mobile coronary care 
center for best utilization of 
both staff and equipment. 

For full information talk with 
your Burdick dealer, or write 
The Burdick Corporation, 
Milton, Wisconsin 53563. 
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EXPERIMENTAL STUDIES 


30 Adaptation to High Altitude Hypoxia as a Factor Preventing Development of Myocardial Ischemic 
Necrosis 


FELIX Z. MEERSON, OLEG A. GOMZAKOV and MARIA V. SHIMKOVICH 


The increased capacity of the oxygen transport and utilization (mitochondrial) systems in the heart muscle 
of animals adapted to high altitude hypoxia is the primary factor contributing to the preventive effect of 
such adaptation against ischemic necrosis in rats. Adaptation to high altitude hypoxia reduced the mortality 
rate in rats with a ligated coronary artery by 5 or 6 times and the size of ischemic necrosis by 35 percent. 


35 Effects of Beta Receptor Stimulation and Blockade on A-V Nodal and Bundle Branch Conduction 
in the Canine Heart 


DONALD V. PRIOLA 


Data in 35 mongrel dogs indicate that propranolol, but not practolol, exerts direct effects on A-V nodal 
conduction and that the main bundle branches are unresponsive to beta receptor stimulation or block- 
ade. Although propranolol directly depresses the A-V node, these effects are less prominent in the 
bundle branches. 


41 Comparison of Atrial and Ventricular Drive on Sinus Nodal Function in the Dog 
KARLEN L. PAULAY and ANTHONY N. DAMATO 


Arterial and atrial pressure changes arising from differences in the atrioventricular contraction se- 
quence appear responsible for the sinus acceleration observed after ventricular drive and for the sinus 
suppression seen after atrial drive in 15 dogs. 


47 Comparison of Heart Size and Serum Concentration as Determinants of Digoxin Tissue Concentra- 
tion in the Normal and Hypertrophied Rabbit Heart 


MARVIN L. MURPHY and JAMES E. DOHERTY 


These studies in rabbits demonstrate that serum concentration rather than myocardial mass determines 
the myocardial tissue concentration of tritiated digoxin. The presence of cardiac hypertrophy does not 
undermine the usefulness of the serum level of digoxin in providing an estimate of myocardial tissue 
concentration. 


PEDIATRIC CARDIOLOGY 


51 Experimental Production of Hypoplastic Left Heart Syndrome in the Chick Embryo 


JUNG Y. HARH, MILTON H. PAUL, WILLIAM J. GALLEN, DAVID Z. FRIEDBERG and STANLEY 
KAPLAN 


Results of surgical placement of a nylon device into the region of the left atrioventricular canal in 192 
chick embryos support the hypothesis that hemodynamic alterations at the site of the primordial mitral ‘ 
valve may produce malformations simulating hypoplastic left heart syndrome. 
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_ Now! A complete Exercise Stress Test 
Heart Monitoring System totally engineered, 





| 
manufactured,marketed, and serviced 
by Avionics. 
1 

BASIC SYSTEM COMPONENTS MODULES AND CAPABILITIES 
e Stress Test Heart Monitor e ST-Segment Computer 
e Treadmill e Digital Heart Rate Meter 
e Telemetry e Automatic Paperwriter Programmer 
e Automatic Blood Pressurometer e 12-lead ECG Capability 
e Respiratory Gas Analyzer e ST & H/R Trend Recording { 


For more information on the most complete exercise stress-test heart-monitoring system available — comprised only of integrally 
designed and clinically-proven components — return this coupon today. 


O Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 


O Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 


Name and Title 


Organization 





Address 
OG ee ee ee See Zip 
AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 A 
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57 Longitudinal Study of the Standard Electrocardiogram in the Healthy Premature Infant During 
the First Year of Life 


VEMBAR V. SREENIVASAN, BARRY J. FISHER, JEROME LIEBMAN and THOMAS D. DOWNS 


Serial electrocardiograms of healthy premature infants show shorter wave durations, more leftward 
and posteriorly directed P and QRS vectors and less right ventricular dominance at birth than those of 
full-term infants. 


DIAGNOSTIC SHELF 


64 Echocardiographic Studies to Explain Opening Snaps in Presence of Nonstenotic Mitral Valves 
DAVID K. MILLWARD, LAMBERT P. McLAURIN and ERNEST CRAIGE 


Mitral valve opening snaps in the absence of mitral stenosis were recorded in 6 patients with one of 
the following conditions: tricuspid atresia with a large atrial septal defect, idiopathic second degree and 
third degree heart block, ventricular septal defect, mitral regurgitation, thyrotoxicosis and tetralogy of 
Fallot after a Blalock-Taussig procedure. Excessive blood flow across a mitral valve into a normal left 
ventricle appeared to be the common hemodynamic factor in the production of the opening snap. 


71 Intermittent Trifascicular Block. Different Mechanisms of Conduction Disturbances in the Bundle 
Branches 


NABIL EL-SHERIF 


As revealed in this deductive analysis, 3 different electrophysiologic mechanisms produced intermittent 
trifascicular block in a 48 year old man: (1) conduction through an incompletely repolarized posterior 
branch because of pathologic prolongation of its effective refractory period; (2) enhanced phase 4 de- 
polarization; and (3) retrograde activation of the posterior branch by an impulse traveling down the right 
bundle. 


CASE REPORTS 


78  Intrapulmonary Veno-Occlusive Disease 
AMNON ROSENTHAL, GORDON VAWTER and C. A. WAGENVOORT 


The characteristic symptoms and signs of postcapillary pulmonary hypertension, evidence of diffuse 
interstitial edema on the chest roentgenogram and, usually, normal pulmonary arterial wedge pressure 
permit the diagnosis of pulmonary hypertension arising from intrapulmonary veno-occlusive disease 
rather than from heart disease or primary pulmonary hypertension. Postmortem examination in this 
well documented case study of such an acquired condition revealed obstruction in small pulmonary 
veins and venules by thrombi or intraluminal fibrous septa and focal interstitial fibrosis with congestion 
and hemosiderosis in the fibrotic areas. 


84 Supravalvular Stenosing Ring of the Left Atrium Associated with Corrected Transposition of 
the Great Vessels 


ELLIOT CHESLER, WALTER BECK, CHRISTIAAN N. BARNARD and VELVA SCHRIRE 


The third documented case of a supravalvular stenosing ring of the left atrium combined with corrected 
transposition of the great vessels was further complicated by Ebstein’s malformation of the left atrio- 
ventricular valve. At surgery the ring was excised and the malformed valve replaced by a Starr-Edwards ° 
prosthesis in an 11 year old girl. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 


atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 
fibrillation; established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 
complete heartblock; maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 


Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 


od 


treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 


adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 


increased by ¥2 to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 


nance, one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED:. 


Uncoated, scored tablets in bottles of 50. 
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89 Congenital Tricuspid Stenosis. Case Treated by Heterograft Replacement of the Tricuspid Valve 
` 
IVAN DIMICH, PAUL GOLDFINGER, LEONARD STEINFELD and SALVADOR B. LUKBAN 
This is the first reported case of successful porcine valve replacement in a 21 year old man with congen- 


ital tricuspid stenosis. Patients with suspected tricuspid stenosis or atresia should undergo complete 
studies, including angiography, designed to determine anatomic features amenable to correction. 


93 Decreased Intensity of Closure Sound in a Normally Functioning Starr-Edwards Mitral Valve 
Prosthesis. Observations on Presystolic Mitral Valve Closure 


DAVID F. BROWN 
In this interesting clinical observation on a patient with a normally functioning Starr-Edwards mitral valve 


prosthesis, the author attributes the marked decrease in intensity of a previously loud closure sound to 
the presystolic valve closure after the onset of first degree atrioventricular block. 


98 Hypomagnesemia and Refractory Cardiac Arrhythmia in a Nondigitalized Patient 
KUL D. CHADDA, EDGAR LICHSTEIN and PREM GUPTA 


Intravenously administered magnesium successfully terminated supraventricular tachycardia after the 
usual antiarrhythmic therapy failed in an undigitalized, elderly woman with hypomagnesemia arising 


from a malabsorption syndrome. 


* 101 Muscular Subaortic Stenosis Associated with Complete Heart Block 
ABDUL J. TAJIK, EMILIO R. GIULIANI, ROBERT L. FRYE, DWIGHT C. McGOON and STEWART 
L. NUNN 


This report documents the first case of spontaneous, permanent complete heart block in a 63 year old 
man with muscular subaortic stenosis. The exact cause of the complete heart block remains unclear. 
After the insertion of a permanent demand transvenous pacemaker, the patient became asymptomatic. 


105 Effects of Tachycardia on the Function of the Starr-Edwards Mitral Ball Valve Prosthesis 
DAVID M. CONKLE, HAMNER H. HANNAH and ROBERT L. REIS 
Despite the poor tolerance of patients with a Starr-Edwards mitral ball valve to tachycardias, 2 patients 


with this type of prosthesis tolerated supraventricular tachycardia with a ventricular response of 220 
beats/min until electroversion restored sinus rhythm. 





EDITORIALS 


108 Aspects of the Influence of Psychic Stress on Angina Pectoris 
GEORGE E. BURCH and THOMAS GILES 
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Booth 1126 may 


Intrigue you, Inform you, Incite you - 


Stated simply, Telemed provides the most advanced 
system for Computer-Analyzed Electrocardiograms 
available anywhere today. We invite you to visit our 
A.C.C. Meeting booth for full documentation. 
- You will be able to review the unique Telemed 
system which today is reducing hospital ECG costs, 
and helping cardiologists increase the scope and ef- 
fectiveness of their patient and physician services. You 
may evaluate the new Telemed Computer Program by 
comparing analysis printouts to ECG traces. 
And you will be fully informed about the many ™ 
Telemed services such as our overread and 
serial Comparisons, exercise ECG analysis, ) 
electronic pacemaker evaluations, and the ` 
new Telemed Mini-Computer system 
which can provide a complete ECG 
processing center at your facility 
utilizing the Telemed Programs. 
You will also see the 
Telemed on line, _. 
real-time system, 
in operation. It 
eliminates 
delays and * 











routinely provides interpretations in minutes. The ECG 
is computer-monitored as it is recorded so that patient- 
induced artifacts or technician errors are instantly de- 
tected. Corrections can be made while electrodes are 
still in place. 

Telemed is the only processor of ECGs using mul- 
tiple computer systems, virtually eliminating delays due 
to input overload or computer maintenance. Serv- 

ice is available anywhere in the continental 

United States, 24 hours a day, seven days a 

week. You receive emergency-speed service 
routinely, without special request or charge. 

Over 300 hospitals in more than 40 states now 

use Telemed computer-analyzed ECG 

systems. lf your visit 

to our booth in- 
trigues and in- 
forms you, and 
perhaps even 
incites you to 
further discus- 
sion, therewill be 
little delay in satisfy- 
ing yourneeds. 


TELE eD 


CORPORATION 
9950 West Lawrence Avenue 
Schiller Park, Illinois 60176 
Phone: (312) 671-3410 
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NEW 
3/5 mg. 


medium-strength 
Pronestyl for the 
medium-weight patient 


Now you have 3 
Pronestyl 


(Procainamide Hydrochloride Capsules U.S.P 


Capsule strengths 


e for more flexible management of premature 
ventricular contractions 

e for medium-weight patients—an intermedi- 
ate strength (see chart) 

e for easier dosage adjustment—up or down— 
in all your patients 








New 

Simplified Oral 
Dosage Schedule 
to Provide 

90 mg./kg./Day”* iy 
pia aiae CAPSULE CAPSULE 


Ventricular 
Tachycardia wa H. 





Premature 
Ventricular 
Contractions aah: 





And now -greater 


shuveniante in p < 120 Ibs. 120-200 Ibs. > 200 Ibs. 


achieving thera- 
peutic blood levels. 


Patient Weight 








Paroxysmal 
Atrial 
Tachycardia or 
Atrial 
Fibrillationt 











500 mg.-1 gram q. 4-6 h. 





Note: For full dosage recommendations, consult package inserts 


*This dosage schedule is for use as a guide for treating the average patient, but all patients must be considered 
on an individual basis ° 


tFor initial dosage, consult package inserts 


@) T) ‘The Priceless Ingredient of every product 


SQUIBB is the honor and integrity of its maker.™ 


Pronestyl Capsules/Injection 


(Procainamide Hydrochloride) 


Contraindications: In patients with myasthenia gravis 

and where a hypersensitivity to procainamide and re- 
lated drugs exists. Should not be given to patients with 

complete atrioventricular heart block. Contraindicated 

in cases of high-degree A-V block unless an electrical 

pacemaker is operative. 

Administration: Oral administration is preferred. When 

parenteral therapy is necessary, intramuscular admin- 
istration is the method of choice. Intravenous use 

should be limited to extreme emergencies, be admin- 
istered as a dilute infusion, and the patient be moni- 
tored electrocardiographically whenever practicable 

throughout the infusion. The intravenous dose should 

not exceed 1g. Administer at a rate not exceeding 25 

to 50 mg. per minute. 

Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be 
made occasionally to determine its further need. 
Precautions: Evidence of untoward myocardial re- 
sponse should be carefully watched for in all patients. 
In the presence of myocardial damage with atrial fibril- 
lation or flutter, the ventricular rate may increase sud- 
denly as the atrial rate is slowed; adequate digitaliza- 
tion reduces but does not abolish this danger. Ven- 
tricular tachysystole is particularly hazardous. 

The dislodgement of mural thrombi producing an 
embolic episode may occur in correcting atrial fibril- 
lation due to the forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust 
the heart rate when ventricular tachycardia has oc- 
curred during an occlusive coronary episode or where 
the use of procainamide may result in additional de- 
pression of conduction and ventricular asystole or 
fibrillation as in A-V block, bundle branch block, or 
severe digitalis intoxication. 

Parenteral administration should be monitored elec- 
trocardiographically whenever practicable. Paren- 
teral administration should be discontinued at once if 
electrocardiograms give evidence of impending heart 
block. This complication should be kept in mind when 
treating ventricular arrhythmias (especially parenter- 
ally) in patients with severe organic heart disease and 
ventricular tachycardia who may also have complete 
heart block. Since asystole may result if the ventric- 
ular rate is significantly slowed without attainment 
of regular atrioventricular conduction, procainamide 
should be stopped and the patient re-evaluated. 

In the presence of both liver and kidney damage, 
normal dosage may produce symptoms of overdos- 
age—principally ventricular tachycardia and severe 
hypotension. 

A syndrome resembling lupus erythematosus has 
been reported with maintenance procainamide ther- 
apy. Common symptoms are polyarthralgia, arthritis 


and pleuritic pain. Fever, myalgia, skin lesions, pleu- 
ral effusion and pericarditis may also occur. Rare 

cases of thrombocytopenia or Coombs-positive hemo- 
lytic anemia, possibly related to this syndrome, have 

been reported. Measure anti-nuclear antibody titers 

at regular intervals in patients on procainamide for ex- 
tended periods of time or in whom symptoms sugges- 
tive of lupus-like reaction appear; discontinue drug in 

event of rising titer or clinical symptoms of LE. Ster- 
oid therapy may be effective if discontinuation of pro- 
Cainamide does not cause remission of symptoms. If 

the syndrome develops in a patient with recurrent life- 
threatening arrhythmias not otherwise controllable, 
steroid-suppressive therapy may be used concomi- 
tantly with procainamide. 

Adverse Reactions: Because procainamide is a pe- 
ripheral vasodilator, it may produce a hypotensive 

response, sometimes precipitous when given intra- 
venously. Blood pressure should be measured almost 

continuously during the infusion which should be tem- 
porarily discontinued if the fall exceeds 15 mm. Hg. 
The hypotensive response is less likely to occur from 

intramuscular injection and is rare following oral ad- 
ministration. Serious disturbances of cardiac rhythm 

such as ventricular asystole or fibrillation are also more 

common with I.V. administration. 

Large oral doses may sometimes produce anorexia, 
nausea, urticaria, and/or pruritus. 

Reactions consisting of fever and chills; soreness of 
mouth, throat, or gums; and symptoms of upper respira- 
tory tract infection have been reported. Agranulocy- 
tosis has been occasionally reported following pro- 
longed use of the drug, and deaths have occurred. 
Therefore, routine blood counts are advisable during 
maintenance therapy. If any of the above symptoms 
should occur and leukocyte counts indicate cellular 
depression, procainamide therapy should be discon- 
tinued and appropriate treatment should be instituted 
immediately. Diarrhea, weakness, mental depression, 
giddiness, psychosis with hallucinations, hypersensi- 
tivity reactions such as angioneurotic edema and ma- 
culopapular rash, and bitter taste have been reported. 

The package insert should be read carefully to be- 

come familiar with the recommended oral and paren- 
teral dosage for the indicated conditions. 
How Supplied: Pronestyl Capsules (Procainamide 
Hydrochloride Capsules U.S.P.) providing 250 mg. and 
500 mg. are available in bottles of 100 and 1000 and 
Unimatic® Single Dose packaging in cartons of 100. 
Capsules providing 375 mg. are available in bottles 
of 100. Pronestyl Injection (Procainamide Hydrochlo- 
ride Injection U.S.P.) providing a 10% sterile aqueous 
solution (100 mg./cc.) with 0.9% (w/v) benzyl alcohol 
is available in 10 cc. vials. 
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Lasix’ 
furosemide 
Tablets / Injection 


WARNING — Lasix (furosemide) is a potent diuretic 
which if given in excessive amounts can lead to a 
profound diuresis with water and electrolyte deple- 
tion. Therefore, careful medical supervision is re- 
quired, and dose and dose schedule have to be ad- 
justed to the individual patient's needs. (See under 
“DOSAGE AND ADMINISTRATION.”) 


DESCRIPTION — Lasix is a diuretic, chemically dis- 
tinct from the organomercurials, thiazides and other 
heterocyclic compounds. It is characterized by: 
a high degree of efficacy; 
a rapid onset of action; 
a comparatively short duration of action; 
a ratio of minimum to maximum effective dose 
higher than 1:10; 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henle's loop. 


Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it is 4-chloro-N-furfuryl-5-sulfamoylan- 
thranilic acid. 


INDICATIONS —Lasix (furosemide) is indicated for 
the treatment of the edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
larly useful when an agent with greater diuretic poten- 
tial than that of those commonly employed is desired. 


If the gastrointestinal absorption is impaired or oral 
medication is not practicable for any reason, Lasix is 
indicated by the intramuscular or intravenous route. 
The intravenous administration of Lasix is indicated 
when a rapid onset of the diuresis is desired, e.g., 
acute pulmonary edema. 


Parenteral administration should be reserved for pa- 
tients where oral medication of Lasix (furosemide) is 
not practical. 


Hypertension—Lasix Tablets may be used for the 
treatment of hypertension alone or in combination 
with other antihypertensive drugs. Hypertensive pa- 
tients who cannot be adequately controlled with thia- 
zides will probably also not be adequately controlla- 
ble with Lasix (furosemide) alone. 


CONTRAINDICATIONS—Because animal reproductive 
studies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug is contraindicated in 
women of child-bearing potential. 


Lasix is contraindicated in anuria. If increasing azo- 
temia and oliguria occur during treatment of severe 
progressive renal disease, the drug should be discon- 
tinued. In hepatic coma and in states of electrolyte 
depletion, therapy should not be instituted until the 
basic condition is improved or corrected. Lasix is 
contraindicated in patients with a history of hyper- 
sensitivity to this compound. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 


WARNINGS—Excessive diuresis may result in dehy- 
dration and reduction in blood volume, with circula- 
tory collapse and with the possibility of vascular 
thrombosis and embolism, particularly in elderly pa- 
tients. 


Excessive loss of potassium in patients receiving 
digitalis glycosides may precipitate digitalis toxicity. 
Care should also be exercised in patients receiving 
potassium-depleting steroids. 


Frequent serum electrolyte, CO2 and BUN determina- 
tions should be performed during the first few months 
of therapy and periodically thereafter, and abnormali- 
ties corrected or the drug temporarily withdrawn. 


In patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is best carried 
out in the hospital. Sudden alterations of fluid and 
electrolyte balance in patients with cirrhosis may pre- 
cipitate hepatic coma; therefore, strict observation is 
necessary during the period of diuresis. Supplemental 
potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 


As with many other drugs, patients should be ob- 
served regularly for the possible occurrence of blood 
dyscraslas, liver damage, or other idiosyncratic re- 
actions. 

In those instances where potassium supplementation 
is required, coated potassium tablets should be used 
sonly when adequate dietary supplementation is not 
practical. 

There have been several reports, published and 
unpublished, concerning nonspecific small-bowel le- 
sions consisting of stenosis, with or without ulcer- 
ation, associated with the administration of enteric- 
coated thiazides with potassium salts. These lesions 
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may occur with enteric-coated potassium tablets 
alone or when they are used with nonenteric-coated 
thiazides, or certain other oral diuretics. 


These small-bowel lesions have caused obstruction, 
hemorrhage, and perforation. Surgery was frequently 
required, and deaths have occurred. 


Available information tends to implicate enteric- 
coated potassium salts, although lesions of this type 
also occur spontaneously. Therefore, coated potas- 
sium-containing formulations should be administered 
only when indicated, and should be discontinued 
immediately if abdominal pain, distention, nausea, 
vomiting, or gastrointestinal bleeding occurs. 


Patients with known sulfonamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS—As with any potent diuretic, electro- 
lyte depletion may occur during therapy with Lasix, 
especiaily in patients receiving higher doses and a 
restricted salt intake. Electrolyte depletion may mani- 
fest itself by weakness, dizziness, lethargy, leg 
cramps, anorexia, vomiting, and/or mental confusion. 
In edematous hypertensive patients being treated 
with antihypertensive agents, care should be taken to 
reduce the dose of these drugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antinypertensive medications. 


Asymptomatic hyperuricemia can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may be seen. These have been observed in associa- 
tion with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 


Cases of reversible deafness and tinnitus have been 
reported following the injection of Lasix. These ad- 
verse reactions occurred when Lasix was injected at 
doses exceeding several times the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg.). Tran- 
sient deafness is more likely to occur in patients with 
severe impairment of renal function and in patients 
who are also receiving drugs known to be ototoxic. 
Periodic checks on urine and blood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alterations in glucose tolerance 
tests with abnormalities of the fasting and two-hour 
postprandial sugar have been observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may lower serum calcium levels, 
and rare cases of tetany have been reported. Accord- 
ingly, periodic serum calcium levels should be ob- 
tained. 


Patients receiving high doses of salicylates, as in 
rheumatic diseases, in conjunction with Lasix may 
experience salicylate toxicity at lower doses because 
of competitive renal excretory sites. 


Sulfonamide diuretics have been reported to de- 
crease arterial responsiveness to pressor amines and 
to enhance the effect of tubocurarine. Great caution 
should be exercised in administering curare or its 
derivatives to patients undergoing therapy with Lasix, 
and it is advisable to discontinue oral Lasix for one 
week and parenteral Lasix two days prior to any elec- 
tive surgery. 


ADVERSE REACTIONS — Various forms of dermatitis, 
including urticaria and rare cases of exfoliative 
dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea, 
may occur. 


Anemia, leukopenia, aplastic anemia, and thrombo- 
cytopenia (with purpura) may occur. Rare cases of 
agranulocytosis have occurred which responded to 
treatment. 


Cases of reversible deafness and tinnitus have been 
reported. These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual therapeutic dose of 1 to 2 ampules 
(20 to 40 mg.). (See “PRECAUTIONS.”) 


In addition, the following rare adverse reactions have 
been reported; however, relationship to the drug has 
not been established with certainty: sweet taste, oral 
and gastric. burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see “WARN- 
INGS"), and acute pancreatitis. 


Lasix induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle 
cramps, thirst, increased perspiration, urinary bladder 
spasm and symptoms of urinary frequency. 


As far as hyperglycemia is concerned, see “PRE- 
CAUTIONS.” 


Transient pain after intramuscular injection has been 
reported at the Injection site. 


DOSAGE AND ADMINISTRATION 

Oral Administration—The usual dose of Lasix is 1 to 

2 tablets (40 to 80 mg.) given as a single dose, pref- 

erably in the morning. Ordinarily, a prompt diuresis 

ensues. Depending on the patient's response, a sec- 
. 





ond dose can be administered 6 to 8 hours later. 
This dosage and dosage schedule can then be main- 
tained or even reduced. If the diuretic response with 
a single dose of 1 to 2 tablets (40 to 80 mg.) is not 
satisfactory, e.g., in a patient with congestive heart 
failure refractory to maximal doses of thiazides, the 
following schedule should be used: Increase this 
dose by increments of 1 tablet (40 mg.) not sooner 
than 6 to 8 hours after the previous dose until the 
desired diuretic effect has been obtained. This indi- 
vidually determined single dose should then be given 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). 
The dose of Lasix may be carefully titrated up to 600 
mg. per day in those patients with severe clinical 
edematous states. Higher doses are currently under 
investigation. 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermittent 
dosage schedule in which the diuretic is given for 2 
to 4 conseculive days each week. With doses exceed- 
ing 80 mg./day and given for prolonged periods, 
careful clinical and laboratory observations are par- 
ticularly advisable. 


Hypertension—The usual dose of Lasix (furosemide) 
is one tablet (40 mg.) twice daily both for initiation 
of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when 
this compound is used with other antihypertensive 
drugs, especially during initial therapy. 


The dosage of other agents must be reduced by at 
least 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop in blood pressure. 
As the blood pressure falls under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs may 
be necessary. It is further recommended, if one tab- 
let (40 mg.) twice daily does not lead to a clini- 
cally satisfactory response, to add other hypotensive 
agents, e.g., reserpine, rather than to increase the 
dose of Lasix. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. ` 


Parenteral Administration—The usual dose of Lasix 
is 1 to 2 ampules (20 to 40 mg.) given as a single 
dose, injected intramuscularly or intravenously. The 
intravenous injection should be given slowly (1 to 
2 minutes). Ordinarily, a prompt diuresis ensues. 
Depending on the patient's response a second dose 
can be administered two hours after the first dose 
or later. 


If the diuretic response with a single dose of 1 to 2 
ampules (20 to 40 mg.) is not satisfactory, e.g., ina 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medical supervision: Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours after the previous dose until the desired diuretic 
effect has been obtained. This individually deter- 
mined single dose should then be given once or twice 
daily. Parenteral administration should be reserved 
for patients where oral medication is not practical. 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this is prac- 
tical for continued mobilization of edema. 


Acute Pulmonary Edema—Since the diuresis evoked 
by Lasix given intravenously commences within five 
minutes and leads to an intensive diuresis, the treat- 
ment of patients with acute pulmonary edema with 
Lasix (furosemide) intravenously has proven par- 
ticularly valuable. 


The following schedule is recommended: 2 ampules 
(40 mg.) of Lasix are to be slowly injected intra- 
venously immediately. Then this dose should be fol- 
lowed by another 2 ampules (40 mg.) one to one and 
one-half hours later if that is indicated by. the pa- 
tient's condition. 


if deemed necessary, additional therapy (e.g., digi- 
talis, oxygen) can be administered concomitantly. 


Until more experience is accumulated in the pediatric 


use of Lasix (furosemide), children should not be 
treated with the drug. 


HOW SUPPLIED—Lasix (furosemide) Tablets are 
supplied as white, monogrammed, scored tablets of 
40 mg. in amber bottles of 100 (FSN 6505-062-3336), 
500, and Unit Dose 100's (20 strips of 5). Lasix In- 
jection is supplied as a sterile solution in 2 ml. am- 
ber ampules; boxes of 5 (FSN 6505-435-0377) and 
50. Each ml. contains 10 mg. furosemide (with so- 
dium chloride for isotonicity and sodium hydroxide 
to make the solution slightly alkaline). 


Note: Exposure to light may cause slight discolor- 
ation which, however, does not alter potency. 


HOECHST . 


PHARMACEUTICALS, INC. 
SOMERVILLE, N.J. 08876 


REG. T.M. FARBWERKE HOECHST 7/72 HST-2881A 
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Your experience 
with Lasix’ {furosemide} 
has proven its usefulness 
in office practice. 


O Rapid onset of diuresis, usually within an hour 
after administration, can lead to prompt, notice- 
able clinical improvement. 

O The usual daily dosage of 40 mg. may be care- 
fully raised to as high as 600 mg., if necessary. 

O Patient inconvenience is minimal since diuresis 
is usually complete within 6 to 8 hours. 

O In long-term therapy, dry weight can be reliably 
and safely maintained by adjusting the dose to 
fit your patient's individual need. 

O Unexpected side effects are rare at usual doses 
and are frequently related to diuresis. (See 
complete listing of adverse reactions in full 


prescribing information.) 
p 2A, 100 
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DIFFERENTIAL DIAGNOSIS OF ANXIETY 
AND STABLE ANGINA PECTORIS 


PARAMETERS | STABLE ANGINA PECTORIS 


ANXIETY 



































over left over sternum, 
chest or often spread- 
variable ing across 
LOCATION the chest 
OF 
PAIN 
I! to either or 
none : both arms, 
neck, or jaw, 
RADIATION 
OF thereof 
PAIN 
N i 
from less usually sub- 
than one sides within 
minute to 1to5 
several hours DURATION minutes 
OF 
PAIN 
sharp, oF pain pressure or heavy 
or dull discomfort discomfort 
CHARACTER 
OF 
PAIN 
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tiredness exertion, 
or emotion, emotion, 
but often eating, cold 
none “on weather, 
PRECIPITATING lying down 
FACTORS 
& 
lying down, stopping 
sedatives effort, 
‘ gap pe 
FACTORS oo 
GIVING 
RELIEF 
normal, or a 
postexercise 
es ELECTRO- 
oin 
iapresatai CARDIOGRAM transient 
of S-T segment S-T segment 


as seen in many 
healthy persons and not 
significant of coronary disease 


depression 
(flat or downsloping), 
disappearing with relief of pain 


“ANXIETY OR STABLE ANGINA PECTORIS? 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS”... 


- provide prophylaxis 
against anginal 
attacks often caused 
by unavoidable 
everyday stress 


-reduce the severity 
and frequency of 
angina pectoris attacks 


ISORDIL 


(ISOSORBIDE DINITRATE) 


SCORED, ORAL TABLETS: 5 mg. and 10 mg. 


* Indications: Based on a review of this dru 
by the National Academy of Sciences—Nationa 
Research Council and/or other information, 
FDA has classified the indication as follows: 
“Possibly” effective: When taken by the oral 
route, Isordil is indicated for the relief of an- 
gina pectoris (pain of coronary artery disease). 
It is not intended to abort the acute anginal 
episode, but is widely regarded as useful in 
the prophylactic treatment of angina pectoris. 
Final classification of the less-than-effective 
indications requires further investigation. 

















Contraindication: Idiosyncrasy to this drug. 


Warnings: Data nesta the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
meny other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. 


685 Third Avenue, New York, N. Y. 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 


An easier way 
to get better records 


in your 
cardiac cath lab. 





Start using a Brush 2300 Monitoring System 
Meee as a leading hospital in Canton, Ohio, did 
a several months ago. 

; The system, which replaced a direct 
photographic process, simultaneously dis- 
plays two ECGS and two cardiac pressures 
s ona4-channel CRI scope and a chart. 
œ% Analog waveforms are superimposed and 
the wave amplitudes intensified on the ©” 
paper chart. 

Which makes for fast, easy reading. 
And a record that’s instantly available for 
evaluation and review. 

‘ | | What's more, lab personnel say the 
Bich 2300 pea IS apie to operate. Easy to work with, even in dim light. 
And since it's self-calibrating once set-up, it doesnt require adjusting or 
constant attention. 

Because the record is on paper rather than on expensive film, you can also 
cut film and processing costs and save time. 

One more thing. The Brush 2300, the fastest writing recorder Gould makes, 
has a 1000 Hz frequency response. So it can be used to capture fleeting 
transients. 

Like to find out more? Send for technical information. Just contact Gould 
Inc., Instrument Systems Division, 3631 Perkins Ave., Cleveland Ohio 44114. 
Telephone (216) 361-3315. Or Rue Van Boeckel 38, Brussels 1140 Belgium. 





BRUSH INSTRUMENTS 
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a 
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Meet 154 members of the Ossining Fire Department- 
78 of them may have elevated lipid levels. 


Volunteers screened for serum 
cholesterol above 250 mg.% and/or 
serum triglycerides above 150 mg.% 


Recently, members of the Ossining, New 
York Volunteer Fire Department and its 
women’s auxiliary cooperated in a one-time 
screening program* to determine their lipid 
levels.! These were people representative of 
most American communities—businessmen, 
teachers, shopowners, professional men, 
craftsmen, and housewives. And from the 
tabulation of the single-test results among 
these typical men and women, three strik- 
ing findings emerge: the prevalence of 
cholesterol levels above 250 mg.% and tri- 
glyceride levels above 150 mg.%, the un- 
awareness of their existence, and the early 
age of test subjects in whom they were 


found. 


Incidence of such levels—50.6Q%; 


unawareness almost universal 


Of the 154 subjects tested, 78 (50.6%) 
were found to have serum cholesterol levels 
above 250 mg.% and/or triglyceride lev- 


*Im portant Note: A single determination is not 


_ sufficient to establish the diagnosis of hyper- 


lipidemia. 
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els above 150 mg.%. In only 7 of these 78 
did cholesterol levels alone exceed the spec- 
ified value. Both cholesterol and triglycer- 
ides were higher in 23 individuals, while 


‘triglycerides alone proved higher than the 


specified value in the remaining 48 persons. 

Of the 78 Ossining subjects noted above, 
75 had not known about their lipid values. 
This finding is consistent with that of Stam- 
ler et al., ? who report that a majority of the 
millions with elevated serum cholesterol 
are entirely unaware of its presence because 
they have never been tested for it. A fur- 
ther note of interest : 44 of these 78 subjects 
were below the age of 40. 


The importance of testing for both 
cholesterol and triglycerides 


The Ossining program only demonstrates 
the prevalence of cholesterol levels above 
250 mg.% and/or triglyceride levels above 
150 mg.%, and is in no way intended to 
imply a clinical evaluation. It also indicates 
the importance of evaluating both choles- 
terol and triglyceride levels. For example, 
had the Ossining volunteers been checked 
only for cholesterol, triglyceride levels 
above 150 mg.% would not have been 
found in 71 individuals. 


The significance of the Ossining 
volunteers: theyre like the patients 
you see every day 


The U.S. Public Health Report (1967 
using one parameter of measurement, est 
mated that 1 out of 5 Americans over tl 
age of 17 has a serum cholesterol lev 
higher than 260 mg.%.*® As the Ossinir 
tests suggest, cholesterol represents only 07 
factor in the overall assessment of serui 
lipid levels, which includes triglyceric 
concentrations as well.** 

So in your own practice when you test. 
test for both serum cholesterol and trigly 
eride levels. 





AYERST LABORATORIES 
New York, NY. 10017 


Ayerst. 


See last page of advertisement for prescribing informatiéd 


or 


ffeedrickson‘ has found that over 95% of patients with primary hyperlipidemia 
will be detected if both cholesterol and triglyceride levels are determined. 


Whether serum cholesterol alone is elevated... 
triglycerides alone are elevated... 


or both are elevated 





The most widely prescribed 
lipid-lowering agent: 9 years 
of clinical experience 

‘When adequately repeated baseline studies 
reveal significantly high serum cholesterol 
and/or triglycerides, an attempt should first 
be made to reduce them by means of appro- 
priate dietary restrictions. When the re- 
sponse to diet is inadequate, initiate 


ATROMIDSS therapy. 


Clinical experience has 
shown that in responsive 


patients 

e ‘cholesterol levels above 250 mg./100 ml. 
(mg.%) have decreased as much as 35 

w percent... and reductions up to 50 per- 
cent have been reported® 

e triglyceride levels above 150 mg./100 ml. 
(mg.%) have decreased as much as 61 
percent ... and reductions up to 90 per- 
cent have been reported® 

e the higher the initial level the greater 
the reduction 

e lipid-lowering effect is usually noted dur- 
ing the first month of therapy 


AN IMPORTANT NOTE: Ithas 


not been established whether drug- 
induced lowering of serum cholesterol 
or other lipid levels has a detrimental, 
a beneficial, or no effect on the morbid- 


ity or mortality due to atherosclerosis or 
coronary heart disease. Several years 
will be required before current investi- 
gations can yield an answer to this 
question. 





Atromid-S 


Brand of 


clofibrate 


The importance of maintaining 
Q.I.D. dosage 


Once elevated serum cholesterol and/or 
elevated serum triglycerides have been re- 
duced, a reduction in dosage may result in a 
renewed rise in lipid levels. Therefore, one 
simple dosage regimen is recommended for 
all patients at all times. Start and maintain 
therapy with one capsule (500 mg.) Q.I.D. 





Eight year study demonstrates 
continued control 

of hyperlipidemia’ 

Because of its persistent nature, hyperlip- 
idemia requires continued therapy. It is 
important, therefore, that the prescribed 
anti-hyperlipidemic agent maintain effec- 
tive control over serum lipid levels. 

Fifty responsive hyperlipidemic patients 
were treated with ATROMID-S, 2 Gm. 
daily for six to eight years. Cholesterol 


Average reduction in lipid levels maintained throughout eight year study’ 


Mean Value of 
CHOLESTEROI 


in mg. 





I YEAR 
(50 Patients ) 


Mean Value of 
oo TRIGEYGERIDES -a 


inmg./% 


I YEAR 
(42 Patients) 


Adapted from Berkowitz7 


= 


alone was elevated in 8 patient, while both 
cholesterol and triglyceride were elevated 
in the remaining 42. The group comprised 
28 women and 22 men whose ages range 
from 41 to 65 years. Normalization or sub- 
stantial reduction of elevated serum levels 
of cholesterol and/or triglycerides occurred 
in each patient and was maintained through- 
out the entire period of treatment. 
According to the investigator, “Our data 
indicate that clofibrate (A TROMID-S®) 
is a potent hypolipidemic agent which may 
be administered continuously for long peri- 
ods of time without any decrease in its ef- 
fectiveness. . . .”7 He further states: “With 
this agent, normalization of the cholesterol 
or triglyceride levels or both may be ex- 
pected. ...”T 


Visible evidence of 
effectiveness 


In the presence of xanthomata due to 
excessively high serum lipid levels, 
ATROMIDSS frequently provides visible 
evidence of its effectiveness. In some pa- 
tients xanthomatous lesions disappear com- 
pletely, while in others their size and/or 
numbers are reduced. 


If Given In Conjunction With 
Anticoagulants 


WARNINGS: CAUTION SHOULD BE EX- 
ERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S (CLOFIBRATE). THE DOS- 
AGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED BY ONE-THIRD 
TO ONE-HALF (DEPENDING ON THE IN- 
DIVIDUAL CASE) TO MAINTAIN THE 
PROTHROMBIN TIME AT THE DESIRED 
LEVEL TO PREVENT BLEEDING COM- 
PLICATIONS. FREQUENT PROTHROMBIN 
DETERMINATIONS ARE ADVISABLE 
UNTIL IT HAS BEEN DEFINITELY DE- 
TERMINED THAT THE LEVELS HAVE 
BEEN STABILIZED. 









6 YEARS 7YEARS 8 YEARS 
(50 Patients) (49 Patients) (32 Patients) 


6 YEARS 


7 YEARS 
(42 Patients) (42 Patients) (29 Patients 


8 YEARS 





More (than 9 years of successful 
clinical experience 





BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 


ATROMID-S (clofibrate) 


Indications: ATRO MID-‘S is indicated where reduction of 
serum lipids is desirable, e.g., patients with hypercholesterol- 
emia and/or hypertriglyceridemia. 

Patients with hyperlipemic states involving elevation of both 
serum triglycerides and serum cholesterol generally have a 
more favorable response than those with primarily hypercho- 
lesterolemia and normal triglyceride levels. However, since re- 
sponse is unpredictable, a therapeutic trial with ATROMID-S 
should be undertaken in patients with only hypercholesterolemia. 

In patients with essential hyperlipemia and xanthomatosis, 
the skin lesions frequently have regressed on ATROMID-S 
therapy. 

Contraindications: While teratogenic studies have not 
demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a higher concentra- 
tion of clofibrate than found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system 
required for the excretion of clofibrate. 

Young women with familial hyperlipemia should not be 
deprived of this drug, and its use in nonpregnant women in 
the childbearing age may be undertaken in patients exercising 
strict birth control procedures. In patients who then plan to 
become pregnant the drug should be withdrawn several 
months before conception. 

Because pregnancy is a possibility despite birth control pre- 
cautions, the possible benefits of clofibrate to the patient must 
be weighed against possible hazards to the fetus in women of 
childbearing age. Since it is not known if clofibrate is secreted 
in human milk, the drug should not be given to lactating women. 

This drug is not, as yet, indicated for use in children since 
studies in children have been insufficient. 

It is not recommended for use in patients with impaired renal 
or hepatic function. 

Warnings: CAUTION SHOULD BE EXERCISED 
WHEN ANTICOAGULANTS ARE GIVEN IN CON- 
JUNCTION WITH ATROMID-S (CLOFIBRATE). 


THE DOSAGE OF THE ANTICOAGULANT SHOULD 


BE REDUCED BY ONE-THIRD TO ONE-HALF 
(DEPENDING ON THE INDIVIDUAL CASE) TO 
MAINTAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEEDING COM- 
PLICATIONS. FREQUENT PROTHROMBIN DE- 
TERMINATIONS ARE ADVISABLE UNTIL IT HAS 
BEEN DEFINITELY DETERMINED THAT THE 
LEVELS HAVE BEEN STABILIZED. 

Precautions: Before instituting clofibrate therapy, attempts 
should be made to control serum lipids with appropriate dietary 
regimens, weight loss in obese patients, control of diabetes 
mellitus, etc. 

` Because of the long term administration of a drug of this 
nature, adequate base line studies should be performed to de- 


ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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termine that the patient has significantly elevated serum lipid 
levels. Frequent determinations of serum lipids should be made 


during the first few months of ATROMID-S administration, 


and periodic determinations thereafter. The drug should be 
withdrawn after three months if response is inadequate. How- 
ever, in the case of xanthoma tuberosum, treatment should be 
continued for longer periods (even up to one year) provided 
there is a reduction in the size of the xanthomata. 

During the early stages of ATROMID-S (clofibrate) ad- 
ministration, serum transaminase determinations should be 
made. Mild transient increases in these tests have been noted 
in some patients. This is thought to be a result of the metabolic 
effect of the drug rather than a toxic effect. However, if 
steadily rising or excessive abnormalities occur, the drug 
should be immediately withdrawn. 

Studies in diabetic patients given clofibrate have failed to 
indicate any effect on insulin or oral hypoglycemic require- 
ments. However, one investigator reported an episode of hy- 
poglycemia occurring two hours after ingestion of 1 Gm. of 
clofibrate in a patient receiving tolbutamide. Although a causal 
effect was not established, caution should be observed in dia- 
betic patients. 

Adverse Effects: ATROMID-S has been well tolerated by 
most patients. The most common side effect is nausea, noted in 
approximately 5 per cent of cases.-Other less common gastro- 
intestinal side effects include vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Headache, dizziness, 
fatigue, weakness, skin rash, urticaria, pruritus, stomatitis 
have been reported occasionally. 

A slight and transient rise in serum glutamic oxaloacetic 
and/or glutamic pyruvic transaminases has been observed in 
some patients, but there is no evidence to suggest that this is 
due to hepatotoxicity. A few instances of increased BSP reten- 
tion have been reported. One patient receiving butobarbitone, 
phenobarbital, phenindione, tetracycline, and clofibrate devel- 
oped agranulocytosis which was attributed by the investigator 
to the clofibrate. A few cases of leukopenia have been reported, 
but relationship to ATROMID-S administration has not been 
established. 

Polyphagia and weight gain have been noted in a few 
patients. It has been suggested that this may be due to increased 
deposition of subcutaneous fat. However, this has not been 
established nor has it been definitely determined that the 
weight gain is drug-related. Instances of weight loss have also 
been reported. One investigator reported congestive heart 
failure in a few patients on clofibrate. However, subsequent 
study by this investigator has shown no increase in circulating 
plasma volume. 

Several instances of muscle cramping, aching, or weakness 
were reported. One patient with muscle cramps also showed a 
concomitant rise in SGOT. A few female patients have 
reported (reversible) dry, brittle hair. Three cases of alopecia 
areata occurring during ATROMID-S administration have 


been reported ; relationship to this drug has not been established. 


Dosage and Administration: For adult usage only. The 
recommended dose is one capsule (500 mg.) four times daily. 
Supplied: No. 243—Each capsule contains 500 mg. clofibrate, 
in bottles of 100. 

References: 

1. Data on file, Medical Department, Ayerst Laboratories, New 


York, N.Y. 2. Stamler, J., et al.: Amer. J. Nurs. 66:1788 (Aug.) 1966. 


3. U.S. Public Health Service, Pub. Series II, No. 22 (Mar.) 1967. 
4. Fredrickson, D.S., et al.: The typing of hyperlipoproteinemia: A 
progress report (1968), in Holmes, W.L., et al. (Eds.) : Drugs 
Affecting Lipid Metabolism, New York, Plenum Press, 1969, pp. 
307-325. 5. Brown, D.F, in Casdorph, H.R.: Therapy of the Hyper- 
lipidemic States, Springfield, Ill., Charles C Thomas, 1971, p. 147. 
6. Gelfand, M.L., and Garber, M.: Exhibit, American College of 
Cardiology Meeting, New Orleans, La., Feb. 21-Mar. 1, 1970. 

7. Berkowitz, D.: J.A.M.A. 218 :1002 (Nov. 15) 1971. 
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In the new field of medical UEUS: 
electronics, Arthur Miller ', 
has 36 years of experience. /\ 
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Arthur Miller would be embarrassed to be called a 
“medical electronics pioneer.” 


But his contributions include the amplifier 
design for the first Sanborn “electronic” car- 
diograph...the electronics and galvanometer g; 
design for the first practical, inkless, direct- @ £ 
writing instrument to record ECG’s in true 
rectangular coordinates, the forerunner 
of a series of multi-channel systems for 
recording many other physiologic vari- 
ables ... more than a dozen patents... 
an isolated input circuit design which 
dramatically improves patient protection 
against shock, which is the method now 
being adopted as a safety standard. 


Dr. Miller (he wrote his Sc.D. disserta- 
tion on cardiograph design, in 1938), now 
one of HP'’s staff of outside consultants, 
also actively serves the safety committees 
of the UL and CSA, National Fire Protection 
Association’s Committee on Hospitals, 
and the International Electrotechnical 
Commission. 


While it is impossible to measure the 
value of his achievements in creating 
better electronic tools for the medical 
community, “Doc” Miller’s work epitomizes 
the Hewlett-Packard approach: bring all 
possible experience and talents to bearona 
problem, and dedicate these resources to a long- 
term commitment. 


If electronic instrumentation could save you time 
or give you more precise medical data, we'd like to 
hear from you. Write Hewlett-Packard, 175 Wyman 
Street, Waltham, Mass. 02154. Europe: HPSA, 1217 
Meyrin-Geneva. 
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Excessive a 


The Somatic Protest 


Although he has valid reason for con- 
cern, the person convalescing from myo- 
cardial infarction may react to his illness 
with disproportionate anxiety, which can 
hinder smooth recovery and rehabilita- 
tion. Undue anxiety and emotional 
tension may, in some patients, markedly 
increase catecholamine excretion during 
stay in, and on day of transfer from, the 
CCU, causing increased heart rate, in- 
creased cardiac output and intensified 

oe. Oxygen consump- 
ita akg tion by heart muscle. 


al ym 
TTET E i i 
Steerer Excessive anxiety 


Pés\inferior Wall can (1) increase feel- 
Right bundle braneh block. iNQS Of frustration at 
forced inactivity, (2) foster undue preoc- 
cupation with heart function, (3) diminish 
capacity to tolerate prospect of work 
stress and (4) retard rehabilitation. A 
calm outlook and reduction of excessive 
emotional stress are thus desirable. 
K Adjunctive anti- 
Os $ SA anxiety medication, 
aa y i when needed to 
ns complement coun- 
seling and re- 
assurance, 
should be 














yatient... 


both effective and comparatively free 
from undesirable side effects. Extensive 
clinical experience has demonstrated 
that Librium (chlordiazepoxide HCI) ful- 
fills these requirements with a high 
degree of consistency. 

Librium has an outstanding record 
of effectiveness with safety. After more 
than 12 years of wide clinical use, expe- 
rience with Librium continues to reflect 
its highly favorable therapeutic index. In 
general use, the most common side 
effects reported have been drowsiness, 
ataxia and confusion, particularly in the 
elderly and debilitated. At the physician's 
discretion, Librium may be administered 
for extended periods, without diminution 
of effect or need for increase in dosage. 
When treatment is prolonged, periodic 
blood counts and liver function tests are 
advisable. When anxiety has been re- 
duced to tolerable levels, Librium therapy 
should be discontinued. 


For moderate to severe 
anxiety adversely affecting 
cardiac function 


} adjunctive 
Librium: 10mg 
(Chlordiazepoxide HCl) 
{or 2 capsules tid/qia 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 





Please see following page for summary of product information. 





Before Prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Relief of anxiety and 
tension occurring alone or accompanying 
various disease states. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about 
possible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patients against 
hazardous occupations requiring complete 
mental alertness (e.g., Operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
Similar to those seen with barbiturates, have 
been reported. Use of any drug in preg- 
nancy, lactation, or in women of childbearing 
age requires that its potential benefits be 
weighed against its possible hazards. 

Precautions: |n the elderly and debili- 
tated, and in children over six, limit to small- 
est effective dosage (initially 10 mg or less 
per day) to preclude ataxia or Oversedation, 
increasing gradually as needed and toler- 
ated. Not recommended in children under 
six. Though generally not recommended, 
if combination therapy with other psycho- 
tropics seems indicated, Carefully consider 
individual pharmacologic effects. particu- 
larly in use of potentiating drugs such as 
MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired 
renal or hepatic function. Paradoxical reac- 
tions (e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treatment 
of anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures necessary. 
Variable effects on blood coagulation have 
been reported very rarely in patients receiv- 
ing the drug and oral anticoagulants: causal 
relationship has not been established 
clinically. 


Adverse Reactions: Drowsiness, a 
and confusion may occur, especially in i 
elderly and debilitated. These are revers 
in most instances by proper dosage adjt 
ment, but are also occasionally observet 
the lower dosage ranges. In a few instan 
syncope has been reported. Also encout 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregularit 
nausea and constipation, extrapyramidal 
symptoms, increased and decreased libi 
—all infrequent and generally controlled 
with dosage reduction: changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment: blood 
dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have be 
reported occasionally, making periodic 
blood counts and liver function tests advi 
able during protracted therapy. 

Usual Daily Dosage: Individualize fc 
maximum beneficial effects. Ora/— Adults 
Mild and moderate anxiety and tension, 5 
10 mg t.i.d. or q.i.d.; severe States, 20 or 
25 mg t.i.d. or g.i.d. Geriatric Patients: 5 r 

Id. to q.i.d. (See Precautions.) 

Supplied: Librium® (chlordiazepoxic 
HCl) Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500: Tel-E-Dose® 
packages of 1000. Libritabs® (chlordiaz- 
epoxide) Tablets, 5 mg, 10 mg and 25 mg. 
bottles of 100 and 500. With respect to 
Clinical activity, capsules and tablets are 
indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche 
Nutley, N.J. 07110 


Adjunct to cardiovascular drug therapy 


Librium (chlordiazepoxide HCl) is used concomitantly 
with certain specific medications of other classes of drugs, 
e.g., Cardiac glycosides, diuretics and antihypertensive agents 
whenever anxiety is a clinically significant factor. 


for relief of excessive anxiety in functional 
and organic cardiac disorders 


adjunctive * 6 i 
Librium 
(chlordiazepoxide HC) 
0-Mg, 10-mg, 25-mg capsules 








Thereis 
another 
pacemaker. 
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Ay have heard of us. Maybe not. But since the first Biotronik pacemakers 
ced on the world market in 1963, they've had a history of increased safety 
$ patient.* We think that’s why you'll want to know more about the Biotronik family 
of pacemakers. 


e The Biotronik interference shield offers: 


Better protection from external environmental magnetic or electrical fields 
without the risk of tissue necrosis. 


Better protection from pulse generator damage because of moisture penetra- 
tion from the surrounding tissue. 


e Biotronik has less than three percent failure rate during the first 24 months. 
That's the reason the makers of Biotronik can offer a full 24-month replacement 
warranty. 


e Biotronik’s reliable end of life indicator lets you and your patient know when 
the batteries need replacement. 


For more information about Biotronik, send today for complete literature. 


*Complete literature 
available on request 


conce 


U.S. DISTRIBUTORS OF BIOTRONIK 
Airport Station 
é St. Petersburg, Fla. 33732 
813-536-2791 
24 hr. Answering Service 












Ifyou could see what 
aldosterone is doing 
in your essential 

hypertension patients... 


Hypertensive patients appear to overreact to 
aldosterone. While aldosterone normally helps 
regulate blood pressure levels,'? it produces a 
greater increase in vascular reactivity in hyperten- 
sives than in normotensives.? Thus “...normal 
production of aldosterone in patients with sustained 
hypertension may represent inappropriately high 
levels in relation to their hypertension.’” 


A significant percentage of patients with essen- 


tial hypertension may have elevated aldosterone 
secretion levels. 


An increase in aldosterone secretion often 
follows treatment with thiazides. 


Potassium depletion often follows the secondary 
aldosteronism induced by thiazides. . 





VIDA...Life for hearts too good to die eas / 





“The screech owl,” complained Pliny the Elder, “always betokens some 
heavy news and is most execrable and accursed. In summer he is the very 
monster of the night, neither singing nor crying out clear, but uttering a 
certain heavy groan of doleful mourning; and therefore if it be seen to fly 
in any place it prognosticates some fearful misfortune.” 


Ancient Rome’s leading naturalist (23-79 A.D.) was reflecting the popular 
but unscientific view that owls could predict human ills. 


Vida’s predictions, in contrast, are scientifically sound. This pocket-sized 
ventricular impulse detector and alarm may alert its wearer if ventricular 
fibrillation is imminent. 


Vida can be programmed by the physician to detect excessive VPC activity, 
abnormal rate, or both. Occurrence of these events triggers an audible tone 
that may give time to prevent sudden death. The tone, representing the 
patient’s ECG, can be sent by telephone over any distance to a Vidagraph™ 
in the physician’s office or a CCU for immediate diagnosis. 





Fourth of a series. Reproductions suitable for framing on request. 


[> CARDIODYNAMICS -VIDA MEDICAL SYSTEMS, INC. 


6841 DUBLIN BLVD. DUBLIN, CALIFORNIA 94566. 
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it makes the most of 
every vital second... 





the Roche portable heart station 


The Roche DC defibrillator/ monitor is human engineered 
for instantaneous response anywhere cardiac emer- 
gencies occur. 


Defibrillator, battery, charger, amplifier, synchronizer, scope and 
electrodes are always ready to go, anywhere, in one compact, 
lightweight package. Battery power allows up to four hours of 
monitoring without recharging. Monitoring time is unlimited when 
plugged into an AC source. System test and battery charge test 
are built in. 


Application is fast and easy, with or without line o 
current. For faster, safer operation by all authorized ~es 
users, controls are clearly labeled... simply and j 


functionally positioned. Instructions can't be mislaid \ 
because they're printed 


on the case. Following 

monitoring or synchro- 

nized defibrillation 

(cardioversion), all controls are reset 
automatically to base position when 
unit is turned off. This insures that the 
Roche portable heart station is always 
ready for emergency defibrillation. 








. These and many other features in the Roche portable SS 
heart station permit rapid and effective response to 
The ECG waveform can be read directly off 


cardiac emergencies. the built-in scope. The patient can be difibril- 
In this and other medical electronic systems, Roche pro- lated with . . . and monitored through, the 


vides the kind of quality control that established our paddles. There's no need to change elec- 
trodes. Separate patient cable, adapter and 


name in medicine. The Roche portable heart station is pre-jelled, circular disc, disposable elec- 
backed by the assurance of Roche service on 24-hour trodes are also supplied. For synchronized 
notice, 7 days a week, anywhere in the country. defibrillation (cardioversion), the synchronizer 

; , pulse can be fed back to the monitoring sys- 
Write now for literature which fully describes the many tem, providing patch capability to a strip 
advantages of this system. chart recorder. DC defibrillator provides con- 


trolled variable output. For safety, the patient 
is isolated from AC line power even if the 
charger is plugged in. 





ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 
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System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 


It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data' show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 076602. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

** U.S. Patent #3,347,452 


Datascope System 80 





Introducing 


Nitrostat nitroglycerin) 
“potency-protected 
sublingual nitroglycerin 
tablet „7:1: neuseuna poces pae pave rov 


potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 


Thanks to a unique manufacturing process, Parke-Davis now 


NITROSTAT is the “potency-protected” sublingual nitroglycerin 


you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


NITROSTAT tablets stored in glass bottles at 37 C. for 


130 
120 
110 
100 
90 
80 
70 
60 
50 
40 


30 


PARKE-DAVIS % ol 
PARKE, DAVIS & COMPANY Label 
Detroit, Michigan 48232 Claim 


ALA 


one month; bottles opened two minutes per day, 
five days per week. 


i B FNI reas’ 
ii pelii 


@ Assay values for each of 30 tablets assayed 


separately. Tablets stored without filler in bottle. 
Range—97 to 110.89% label claim; 
average—104.49% 


Assay values for each of 30 tablets assayed 
separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


Assay range—four additional lots stored without 
filler in bottle 


Assay range—four additional lots stored with 
filler in bottle 


PA-665 


113772 





Measure the patient, not the paper. 


When paper shrinks or wrinkles, you can find yourself taking 
readings of changes in the paper—not the patient. That won't 
happen with Kodak Linagraph 1930 Paper. It will not change 
size to distort the time-base on vital pressure readings. 

All traces on Kodak Linagraph 1930 Paper are a crisp, read- 
able black-on-white, to make sure you can read and use all 
the information recorded. 

As an added benefit, the Kodak X-Omat Processor and 
chemicals now used for x-ray film in your affiliated hospital 
will process this paper in as little as 90 seconds. 

If you would like more information, simply fill out and 
mail the coupon. Thank you for taking the time to read this 
advertisement. 


New Kodak Linagraph 1930 Paper 
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| EASTMAN KODAK COMPANY 1-260 r 
| Department 412L, Rochester, N.Y. 14650 | 
| [Q Send literature on Kodak Linagraph 1930 Paper and | 
| paper sample | 
| [C] Have representative call | 
| | 
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| Address | 
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Dont you owe it 
to your patients 

to use a smaller 
 pacemaker?... 
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... and one that 
lasts longer, too! 








For up to two hours of - 
protection, your angina patient if 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


O Acts almost as fast as 
nitroglycerin...lasts about 
4 times as long. 


0 5 10 30 1 Ar. 2 hr. 






‘CHEWABLE SORBITRATE 
{isosorbide dinitrate) 
pproximate onset of action... 
as little as 2 minutes 
“approximate duration of action... 
“Up to 2 hours 










NITROGLYCERIN SUBLINGUAL 
approximate onset of action. 

2 minutes 

approximate duration of action... 
20 to 30 minutes 


O More stable in air than 
sublingual nitroglycerin: 

it can be stored or carried with 
no significant loss of potency. 


O And when indicated: Sorbitrate® 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 

Mode of action: The mechanism of action of SORBITRATE (isosor- 
bide dinitrate) is unknown, although the basic pharmacologic action 
is to relax smooth muscle. Isosorbide dinitrate reduces in number 
and severity the incidence of angina pectoris attacks, with con- 
comitant reduction in nitroglycerin intake. 

Indications: Sublingual and Chewable: For the prevention and treat- 
ment of angina pectoris. 

Oral: For the relief of angina pectoris. It is not intended to abort 
the acute anginal episode. SORBITRATE WITH PHENOBARBITAL 
is indicated for patients in whom the angina pectoris is accompanied 
by anxiety or its related symptoms. 

Contraindications: A history of sensitivity to the drug. 

Warnings: Data supporting the use of nitrates during the early days 
of the acute phase of myocardial infarction are insufficient to estab- 
lish safety. Phenobarbital may be habit forming. 

Precautions: Should be used with caution in patients who have 
glaucoma. Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may be severe and persistent. 
Lowering the dose and using analgesics will help control the head- 
aches which usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
flushing; transient dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension; individual 
marked sensitivity to the hypotensive effects of nitrates wherein se- 
vere responses can occur even with the usual therapeutic dose (alco- 
hol may enhance this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamine and other agents. 

Dosage and Administration: Route: Sublingual, oral and chewable 
tablets. 

Individual Dose: To minimize hypotensive responses, which may 
occasionally be severe with chewable doses as low as 5 mg., the 
smallest effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or orally, 5 to 10 mg. 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack. Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pain 3 or 4 
times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following are the generally reported ranges of 
these values for SORBITRATE: 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 30 minutes. 

Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Oral: 
Estimated to be 4 to 6 hours. 

It is recommended that the oral dosage be taken on an empty 
stomach. 


KY STUART PHARMACEUTICALS | Div of ICI America Inc. 
WILMINGTON, DEL. 19899 
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..youd see the reasons for 
starting antihypertensive 
treatment wit 


ALDACTAZIDE 


spironolactone 25 mg. with 
hydrochlorothiazide 25 mg. 











S Spironolactone is the only available direct 
competitive aldosterone antagonist—and it ap- 
pears to block the action of aldosterone wherever 
aldosterone acts in the body.** 


S With ALDACTAZIDE, your patient benefits from 
additive antihypertensive actions. The antihyper- 
tensive effects of spironolactone and hydrochloro- 
thiazide are approximately equal,” but are based 
on different physiologic mechanisms.®-° 


It is important to note in this respect that triamterene 
has little or no antihypertensive action. 


* Special advantage for the hypertensive patient 
with potential diabetes or gout—Unlike thiazides, 
spironolactone lowers blood pressure without 
altering glucose or urate metabolism. In 
ALDACTAZIDE, the combination often permits a 
reduction in the dose-related hyperglycemic or 
hyperuricemic effect of the thiazide component. 


7 With ALDACTAZIDE, spironolactone helps T Se 
maintain potassium balance. Potassium loss due Be: v 
to the thiazide component is minimized or -E Sa 
eliminated. = t= 


* Special advantage for the digitalized hypertensive 
patient—Preventing potassium loss is especially eS 
Critical in order to avert digitalis toxicity. Aldactazide WS 
should be given cautiously to patients with elevated l 
serum potassium levels. Periodic determinations 
of serum potassium will guard against the possi- 
bility of either hyperkalemia or hypokalemia. 


TTT: 


. 18-19 135-147 py 1966. 4. Mendlowitz, 
: Am. Heart J. 67:397-409 (March) 1964. 
other SE ditors): Aldosterone, Aedcor 
Systems, New York, NY., Medical Communicati ie 
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WHAT WE DON'T KNOW 
ABOUT OUR DIET CAN HURT US, 
HEART PANEL FINDS 


Improper diet is a major contributing factor 
to heart disease. That's a conclusion of the 
Inter-Society Commission for Heart Disease 
Resources; reached in the course of its in- 
vestigation of risk factors in cardiovascular * 
disease. 

Their principal dietary recommendation: 
Americans should consume less cholesterol 
and saturated fats as part of a balanced 
diet. Equally important, they feel this mes- 
sage should be brought to as many people 
as possible. To further this end, they point 
out that “Food manufacturers have an ex- 
cellent opportunity to provide public educa- 
tion through advertising. * 

Helping people to choose foods wisely is 
something weve been doing for a long time. 
Our booklets and pamphlets give your pa- 
tients detailed dietary information— model 
menus and recipes—so they can plan bal- 
anced family meals low in cholesterol and 
saturated fats, and you don't need to spend 
as much of your own time in explanation. If 
you would like sample copies to give your 
patients, just fill out and mail the coupon, 
and well be happy to oblige. 


*Report of Inter-Society Commission for Heart Disease Resources: Primary 
Prevention of the Atherosclerotic Diseases, Circulation 42:55-95, Dec. 1970. 
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In strep throat, _ 
10 days’ penicillin 
with one injection. 


At least 10 days’ penicillin therapy is deemed 
necessary in mild to moderate group A 
streptococcal pharyngitis (without bacteremia) to 
eradicate the streptococcus and preclude the 
onset of rheumatic fever. * 


Fortunately, 10 days’ therapy can be insured very 
simply and without risk of missed doses. Through 
a single injection of Bicillin Long-Acting (sterile 
benzathine penicillin G suspension), considered 
by authorities a method of choice. 

tRheumatic Fever Committee of the Council on Rheumatic 


Fever and Congenital Heart Disease of the American Heart 
Association. 





Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum 
levels common to this dosage form. Therapy should be guided by 
bacteriological studies (including sensitivity tests) and clinical 
response. 

The following infections usually respond to adequate dosage of 
IM benzathine penicillin G. 
Streptococcal infections (Group A—without bacteremia). Mild to 
moderate upper respiratory infections (e g., pharyngitis). 
Venereal infections——Syphilis, yaws, bejel, and pinta. 

Medical Conditions in which Benzathine Penicillin G Therapy is 
indicated as Prophylaxis: 
Rheumatic fever and/or chorea—Prophylaxis with benzathine 
penicillin G has proven effective in preventing recurrence of these 
conditions. It has also been used as followup prophylactic therapy 
for rheumatic heart disease and acute glomerulonephritis. 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 


Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins. 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully 
inquire into previous hypersensitivity to penicillins, cephalosporins 
and other allergens. If allergic reaction occurs, discontinue drug and 
treat with usual agents, e.g., pressor amines, antihistamines and 
corticosteroids. 

Precautions: Use cautiously in individuals with histories of 
significant allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or 
near major peripheral nerves or blood vessels, since such injection 
may produce neurovascular damage. 

*In streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequalae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of 
nonsusceptible organisms including fungi. Take appropriate measures 
if superinfection occurs. 

Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and 
other serum sickness reactions, laryngeal edema and anaphylaxis. 
Fever and eosinophilia may frequently be only reaction observed. 
Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy and 
nephropathy are infrequent and usually associated with high 
parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has 
been reported. 

Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc.—10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. polyvinyl- 
pyrrolidone, 1 mg. carboxymethyicellulose, 0.5 mg. sorbitan 
monopalmitate, 0.5 mg. polyoxyethylene sorbitan monopalmitate, 
0.14 mg. propylparaben and 1.2 mg. methylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) 
Wyeth, packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. 
single-dose disposable syringe; 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate 
buffer and, as w/v, approximately 0.5% lecithin, 0.4% carboxy- 
methylcellulose, 0.4% polyvinylpyrrolidone, 0.01% propylparaben 
and 0.09% methylparaben. 
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INDICATIONS: For the prophylaxis and long-term 
management of patients with frequent or recurrent 
anginal pain and reduced exercise tolerance 
associated with angina pectoris, rather than for the 
treatment of the acute attack of angina pectoris, 
since its onset of action is somewhat slower than 
that of nitroglycerin. 


PRECAUTIONS: As with other effective nitrites, 
some fall in blood pressure may occur with large 
doses. Caution should be observed in patients with 
a history of recent cerebral hemorrhage, because 
of the vasodilatation which occurs in the area. 
Although therapy permits more normal activity, 
the patient should not be allowed to misinterpret 
freedom from anginal attacks as a signal to drop 
all restrictions. 


SIDE EFFECTS: No serious side effects have been 
reported. As with nitroglycerin or other effective 
nitrites, temporary vascular headache may occur 
during the first few days of therapy. This can be 
controlled by temporary dosage reduction in order 
to allow adjustment of the cerebral hemodynamics 
to the initial marked cerebral vasodilatation. These 
headaches usually disappear within one week of 
continuous therapy but may be minimized by the 
administration of analgesics such as Empirin® 
Compound. 

Mild gastrointestinal disturbances occur occa- 
sionally with larger doses and may be controlled by 
reducing the dose temporarily. 

SUPPLIED: 10 mg. chewable tablets. Bottles of 100. 
Also 5, 10 and 15 mg. scored tablets in bottles of 100. 
10 mg. scored tablets also supplied in bottles 

of 1000. 

Also available: Cardilate-P brand Erythrity! 
Tetranitrate with Phenobarbital (Warning: may be 
habit-forming). 
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Complete literature available on request 
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Diffuse muscular subaortic stenosis results from impingement of the 
hypertrophied interventricular septum upon the mitral valve during 
systole. Mitral valve replacement was used as definitive treatment of 
this condition in 9 patients, all of whom had associated mitral insuffi- 
ciency of mild to moderate hemodynamic significance. Relief of out- 
flow obstruction was accomplished in all patients, although 2 died 
from complications not related directly to the type of operation. 

On the basis of these observations, mitral valve replacement 
should be considered the surgical procedure of choice in patients 
with_advanced hypertrophic stenosis. Three stages are described on 
the basis of clinical and hemodynamic findings, and appropriate 
medical and surgical treatment is suggested. The name mitrogenic 
subaortic stenosis is proposed for this cardiac disease. 


Our opinion regarding the etiologic and pathologic role of the mitral 
valve and diffuse muscular subaortic stenosis has been documented 
in previous reports.!>? Final substantiation of this hypothesis must 
be derived from a clinical source, namely, demonstration that the 
outflow gradient would be eliminated after extirpation of the mitral 
valve and that the hypertrophy would resolve. This report concerns 9 
patients who since October 1970 have undergone mitral valve re- 
placement as the sole treatment of advanced diffuse muscular 
subaortic stenosis. 


~ Surgical Technique 


A mid-line sternotomy incision is made opening the pericardium vertical- 
ly. After careful inspection and palpation of the heart to confirm the diag- 
nosis and assess the extent of the hypertrophy and mitral valve impair- 
ment, direct pressure recordings may be made from the left ventricle, left 
atrium, ascending aorta, right ventricle and pulmonary artery. 

The superior and inferior venae cavae are cannulated for venous outflow, 
and the ascending aorta is cannulated for arterial return. The extracorpo- 
real circulation is primed-with Ringer’s lactate and 5 percent dextrose solu- 
tion. All patients are cooled to approximately 30 C during a 15 minute peri- 
od of bypass. At that temperature the venae cavae are occluded with spe- 
cial clamps, the ascending aorta is cross clamped, and the patient is placed 
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TABLE | eet 

Diffuse Muscular Subaortic Stenosis: Results of Mitral Valve Replacement in 9 Cases 


* 








Mitral : 
Pressures (mm H 
Case Insuf- Age (yr) Date of ( 8) Pressure 
no. ficiency & Sex Operation Left Ventricle Aorta Gradient Result 
4 } ri 
1 ++ 53M 10/07/70 Preop (not available). 
Postop 110/0-25 (2 weeks) 120/80 0-10 Excellent 
2 -+-+ 47M 12/23/70 Preop (not available). Te aaia Died 2 mo. later of acute 
Intraoperative 100/80 50 dissecting aneurysm 
Before valve ascending aorta and 
replacement 150/6-12. pericardial tamponade 
After valve replacement 110/80 
110/6-12. 
Postop 125/0-5 (2 weeks) 120/80 10 
3 +++ 49F 02/24/71 Preop 230/6-15. 106/63 120 Died 2 weeks later of 
Postop (not performed) EA a cardiac arrhythmia and 
cerebral air embolism 
4 ++ 39F 02/19/71 Preop 160/0-30. 75/60 85 Excellent 
Postop 75/0-10 (2 weeks) 60/40 15 
5 ++ 46M 09/22/71 Preop 220/10-15. 105/75 95 Excellent 
Postop 115/0-10 110/80 5 
6 +++ 39M 10/05/71 Preop 225/10-30. 125/75 100 Excellent 
Postop 120/8-12 115/75 0 
7 +++ 40F 01/21/72 Preop 240/12-22. 105/65 135 Excellent 
. Postop 125/12-15 115/70 10 
8 ++ 33M 02/24/72 Preop 220/0-20. 120/80 100 Excellent 
Postop 120/0-10 115/80 5 
9 PP 53F 05/15/72 Preop 230/10-16. 130/70 100 Excellent 
Intraop 110/8-12 100/80 10 


on total cardiopulmonary bypass with use of a disposable 
bubble diffusion oxygenator. A perforation is made in the 
right superior pulmonary vein, and a suction catheter is 
inserted into the left atrium to provide a ‘“‘dry” intracar- 
diac field. 

A transverse oblique incision is made in the ascending 
aorta, and the aortic valve and left ventricular outflow 
tract are inspected. The subvalvular “hypertroph,”’ or hy- 
pertrophied septum, is palpated to confirm the diffuse na- 
ture of the obstruction. The anterior leaflet of the mitral 
valve is inspected and elevated with a special mitral hook 
to determine the mobility of the valve and possible inter- 
ference with left ventricular outflow. 

The atrial sump is removed and an incision made in the 
left atrium just below the interatrial groove; an atrial re- 
tractor is inserted and the mitral valve exposed. The valve 
is removed and replaced with a low profile disc valve with 
full orifice design. Multiple interrupted 2-0 polyester su- 
tures are used to secure the valve prosthesis in the mitral 
annulus. The atriotomy is repaired and the sump drain 
removed. The aortotomy is closed after the mitral pros- 
thesis is viewed through the retracted aortic valve and the 
disc demonstrated to move freely in the narrowed ventric- 
ular chamber. Air is aspirated from the ascending aorta 
and from the uptilted apex of the left ventricle. The 
clamps are removed from the venae cavae and ascending 
aorta, and coronary blood flow is reestablished. 

During the period of total cardiopulmonary bypass 


while the ascending aorta is cross clamped, the patient is 
being rewarmed by extracorporeal perfusion with use of 
the heat exchanger. At the time the coronary circulation 
is restored, the circulating blood is normothermic and the 
patient’s body temperature is 34 C or more. If ventricular 
fibrillation occurs, it is usually easily reversed with a sin- 
gle countershock using a direct-current defibrillator. Can- 
nulas are removed from the venae cavae and ascending 
aorta, and pressures are again measured in the cardiac 
chambers. The pericardium is closed loosely and the 
sternotomy incision is repaired with wire and other su- 
tures. 


Results 

Nine patients, 4 women and 5 men who ranged in 
age from 33 to 53 years (average 43.25 years), under- 
went mitral valve replacement for diffuse muscular 
subaortic stenosis (Table I). Except for the 2 pa- 
tients (Cases 2 and 3) who died after operation from 
causes not directly related to the cardiac disease or 
surgical procedure, good to excellent results were ob- 
tained in all. Cardiac catheterization before opera- 
tion revealed systolic gradients between the left ven- 
tricle and ascending aorta that ranged between 50 
and 135 mm Hg. After operation, the range was 0 to 
15 mm Hg; no patient had a gradient considered 
hemodynamically or clinically significant and no sig- 
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nificant change could be provoked by administration 
of isoproterenol. The longest survivor in this series 
(Case 1) is doing well after 18 months and is asymp- 
tomatic without evidence of residual heart disease. 


Surgical Pathology 


The outflow tract: Exploration of the exterior 
and interior of the heart of all patients in this series 
revealed findings typical of the disease known as dif- 
fuse muscular subaortic stenosis or idiopathic hyper- 
trophic subaortic stenosis. A normal aortic valve was 
demonstrated in all patients. The subvalvular con- 
traction ring was palpable with the surgeon’s finger 
inserted through the aortic valve, and the diffuse na- 
ture of the process was confirmed. The hypertro- 
phied septum usually bulged into the right ventricu- 
lar outflow tract causing, in some patients, a signifi- 
cant gradient across that outflow tract. In some pa- 
tients the endocardial surface opposite the anterior 
mitral leaflet revealed a fibrous rim probably from 
impingement upon the mitral valve. The outflow 
tract was not circular but was distorted into a cres- 
centic shape by the hypertrophied septum impinging 
on the tract from anteriorly (Fig. 1). The thickened 
anterior leaflet of the mitral valve was usually prom- 
inently exposed and appeared to be somewhat re- 
dundant and easily displaced upward toward the 
aortic annulus (Fig. 2). Papillary muscles of the mi- 
tral valve were hypertrophied and seemed crowded 
in close apposition to the outflow tract, but no clear- 
cut abnormality otherwise was identifiable. 

The mitral valve: Inspection of the mitral valve 
through the left atriotomy revealed no recognizable 
abnormality and, in the quiet heart, the valve ap- 
peared normally competent. The excised mitral 
valve appeared thickened and fibrotic, but demon- 
strated no evidence of previous inflammatory valvu- 
litis or calcification. Attachment of the chordae ten- 
dineae appeared abnormal in some specimens. Ac- 


FIGURE 2. Photograph made at operation 
showing the anterior leaflet of the mitral 
valve retracted upward with a valve hook in- 
dicating an abnormal redundancy and fibrous 
, thickening of the anterior leaflet. 
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FIGURE 1. Drawing of aortic annulus with the aortic leaflets 
retracted to show the subaortic zone and left ventricular outflow 
tract. The hypertrophied septum anteriorly impinges upon the 
anterior leaflet of the mitral valve posteriorly. 


cording to the detailed study of chordal arrangement 
and attachment in normal valves made by Lam? and 
Ranganathan* and their co-workers, 4 types of 
chordae may be identified and distinguished by their 
mode of insertion. Commissural chordae both insert 
into and define the commissures between the 
anterior and the posterior leaflets. Rough zone 
chordae insert along the valvular margins of both 
leaflets. On the anterior leaflet 2 rough zone chordae, 
one thicker than others, are referred to as strut 
chordae (Fig. 3A). Cleft chordae insert into and de- 
fine the clefts between the scallops of the posterior 
leaflet. Basal chordae are single strands arising from 
the posterior ventricular wall and insert into the 
basal zone of the posterior leaflet near the point of 
attachment of the leaflet to the mitral annulus. 
Basal chordae normally do not appear on the anteri- 
or leaflet. 
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FIGURE 3. Photographs of anterior mitral leaflets removed in 2 patients. A, the leaflet shows thickening and hypertrophied rough and 
strut chordae tendineae. B, the chordae have a bizarre, more random distribution with some that resemble basal chordae usually found 


only on the posterior mitral leaflet (Case 6). 


In the excised specimens, abnormal chordal at- 
tachments were not consistently demonstrated. 
However, in Case 6 (Fig. 3B) the bizarre attachment 
of chordae was noted, and several of these chordae 
appeared to be similar to basal chordae usually found 
only on the posterior leaflet in normal valves. Micro- 
scopic examination of the mitral leaflet revealed fi- 
brosis and focal basophilic and myxoid change but 
no evidence of inflammatory valvulitis. 


Discussion 


Advantages and Disadvantages of 
Mitral Valve Replacement 


Advantages and disadvantages of the transaortic 
approach and trans-left ventricular, trans-right ven- 
tricular and transatrial approaches have been de- 
scribed in previous reports.1-°:® Review of our results 
with each technique revealed that none has produced 
uniformly good results, probably because treatment 
was based upon removing the hypertrophied muscle 
rather than the mitral valve. The frequent occur- 
rence of mitral insufficiency with muscular subaortic 
stenosis is well known, and the valvular incompe- 
tence is often hemodynamically serious. Mitral valve 
replacement, therefore, serves a 2-fold purpose in re- 
lieving the valvular dysfunction as well as the ob- 
struction to left ventricular outflow. Whereas others 
have used mitral valve replacement in patients for 
treatment of the mitral regurgitation or stenosis‘:® 
and some have replaced a mitral valve because of in- 
ability to repair the valve completely after a trans- 
mitral valvular approach to the interventricular sep- 
tum,?:1° none has suggested that this procedure 
could serve as the definitive treatment of the condi- 
tion. 

Since the left ventricular cavity is small and the 
outflow tract constricted by the ‘“‘hypertroph,”’ or hy- 
pertrophied interventricular septum, a low profile 
valve of smaller than usual outer diameter should be 


P 


employed. Two types of valve prostheses have been 
used in this series with success, the Bjork-Shiley tilt- 
ing-disc valve!! and the Cooley-Cutter disc valve}? 
(Fig. 4). Both prostheses have a low profile and a full 
orifice principle, that is, a maximal internal orificial 
diameter compared to outer diameter. The common- 
ly employed ball valve prosthesis would not be as 
suitable since the large moving poppet occupies a 
significant volume of the left ventricular cavity and 
would probably impinge upon the hypertrophied 
septum. This factor is particularly significant in dif- 
fuse muscular subaortic stenosis since the left ven- 
tricular cavity is already constricted. By using a 
prosthesis with a slightly smaller diameter, en- 
croachment upon the left ventricular outflow tract is 
prevented (Fig. 5, inset). 

Alterations in electrical conduction in the hyper- 
trophied heart occur frequently in diffuse muscular 
subaortic stenosis and were evident in most patients 
in this series. These changes included left bundle 
branch block, bifascicular left bundle block and right 
bundle branch block. Surgical techniques formerly 
used in which incision or excision of the interventric- 
ular septum was made in the left or right ventricle 
frequently produced additional conduction distur- 
bances including left and right bundle branch block. 
These complications could lead to a serious or fatal 
outcome if complete surgical heart block were pro- 
duced. Even the left and right bundle branch blocks 
frequently produced by those techniques were disad- 
vantages of the method although the patients so 
treated usually survived. 

Another disadvantage of the previously employed 
techniques was the failure to obtain complete or even 
acceptable relief of the stenotic gradient. Moreover, 
many of the patients who initially obtained an ade- 
quate result later experienced gradual recurrence of 
the obstructive hypertrophy. Removal of the offend- 
ing mitral valve would obviate these mechanical 
problems. 
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FIGURE 4. Photograph of low profile mitral valve prostheses suitable for replacement in diffuse muscular subaortic stenosis. A, the 


Bjork-Shiley tilting-disc; B, the Cooley-Cutter full orifice disc valve. 


The principal drawback to mitral valve replace- 
ment as definitive treatment of this disease is the 
consideration that a mitral valve prosthesis imposes 
a continuing threat to the patient in ensuing months 
and years. Complications after mitral valve replace- 
ment are known to include thromboembolism, valve 
dehiscence, infection and destruction of synthetic 
material. Therefore, one might reasonably argue that 
the treatment is too drastic or radical for the patient 
with a mild form of the disease, particularly if the 
mitral valve is still competent. However, such objec- 
tions assume lesser importance as improved pros- 
thetic valves are developed. The prostheses used in 
our patients have a low incidence of postoperative 
complications.11-13 We recommend that all patients 
receive anticoagulant agents after mitral valve re- 
placement. Homograft valves or other types of pros- 
theses for valve replacement have an even lower inci- 
dence of thromboembolic complications. 


Proposed Plan of Treatment 


On the basis of these clinical observations we be- 
lieve the most widely used name for diffuse muscular 
subaortic stenosis, idiopathic hypertrophic subaortic 
stenosis, which implies an unknown origin, should be 
replaced by mitrogenic subaortic stenosis. This term 
clearly expresses the pathogenesis and nature of the 
stenosis, which we believe to be an abnormal relation 
between the mitral valve and the interventricular 
septum. Further study of gross pathologic specimens 
may delineate the exact anomaly of the mitral valve 
that produces the myocardial hypertrophy. The 
anomaly may be present in the chordal attachments 
to the anterior mitral leaflet or in the anatomic ar- 
rangement and attachment of the papillary muscles 
in the left ventricle. The possibility still exists that 
the hypertrophy of the septum is the primary cause 
of the obstruction and that the mitral valve lesion 
later increases the obstruction. The clinical experi- 
ence reported here with 9 patients relieved of the 
outflow gradient by excision of the mitral valve sup- 

„ports the theory that the mitral valve may actually 


be responsible for the left ventricular obstruction 
and hypertrophy. 

If this hypothesis regarding pathogenesis is sub- 
stantiated by further pathologic evidence and clini- 
cal experience, a more rational plan of treatment 
may be proposed. Unfortunately, objective criteria 
for classification in this disease are not available 
since some patients with mild to moderate pressure 
gradients are known to have the most serious symp- 
toms. Some correlation is possible, however, and 
therefore the pressure gradients are included in this 
classification. 

Stage I: The patients have the hypertrophic pro- 
cess, but outflow gradients are less than 50 mm Hg 
and not severe enough to justify operation. Most pa- 
tients are less than 20 years of age, are asymptomat- 
ic and under no immediate threat. We believe that 
no specific medical or surgical treatment is necessary 
and that periodic medical examinations should be 
recommended. 


Hypertroph 





FIGURE 5. Drawing showing the concept of treatment of dif- 
fuse muscular subaortic stenosis by mitral valve replacement 
using a low profile prosthesis. The inset reveals the relief of out- 
flow obstruction by use of a prosthesis of proper size that does 
not impinge upon the septum. 
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Stage II: These patients have a more advanced 
form of the disease, have outflow gradients ranging 
between 40 and 90 mm Hg and experience occasional 
symptoms of dizziness, palpitation or chest pain. 
Most of these patients can be managed successfully 
with propranolol in doses of 40 to 80 mg/day de- 
pending upon the severity of the disease. 

Stage III: These patients have the full-blown 
“malignant” form of the disease. Stenotic gradients 
range between 80 and 120 mm Hg. They are prone to 
serious cardiac arrhythmia, syncopal attacks, exer- 
tional dyspnea and severe chest pain. In addition to 


electrocardiographic evidence of advanced left ven- 
tricular hypertrophy and strain, these patients fre- 
quently have significant conduction deficits. Surgical 
treatment is recommended. Although standard tech- 
niques of myocardial incision and excision may be 
employed under special or unusual circumstances, 
definitive treatment should be replacement of the 
mitral valve. For the mitral prosthesis, we recom- 
mend a low profile disc valve with moderate outer 
diameter and maximal inner diameter—a full orifice 
prosthesis. Anticoagulant agents should be adminis- 
tered indefinitely after operation. 
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Secundum type atrial septal defects were closed in 32 adults aged 
30 to 57 years, with the use of cardiopulmonary bypass. Before op- 
eration, 12 had functional class |! disease and 11 class III disease 
(New York Heart Association classification). Eight had a history of 
congestive cardiac failure, and 6 had atrial fibrillation. Cardiothoracic 
ratio ranged between 50 and 76 percent. Sixteen patients had mod- 
erate to severe pulmonary hypertension, but none had reversed 
shunt. 

There was 1 operative and 1 late death. Neither death was related 
to the complications usually associated with atrial septal defect in 
this age group. The remaining patients were followed up for 6 
months to 12 years. All but 2 had functional class | disease after op- 
eration. Postoperatively a statistically significant reduction was noted 
in cardiothoracic ratio and pulmonary arterial pressures, and there 
was consistent rise in calculated pulmonary to systemic resistance 
ratio. A small residual shunt of 1.6:1 was present in 2 patients. It is 
concluded that irrespective of preoperative complications (pulmo- 
nary hypertension, atrial fibrillation and congestive heart failure), re- 
pair of atrial septal defect with left to right shunt in adults produces 
considerable clinical and hemodynamic improvement, and has low 
mortality and morbidity rates. 


Secundum type of atrial septal defect is one of the commonest con- 
genital heart diseases in adults. The majority of patients have pro- 
gressively disabling symptoms and experience complications such as 
pulmonary hypertension, atrial fibrillation and congestive cardiac 
failure with advancing age.2-® Some investigators’ 1° recommend 
surgical closure of the lesion in adults; others*:!1 question the value 
of this procedure because of the mortality rate, which is higher than 
in children, and the lack of symptomatic benefit. This paper pre- 
sents our experience with 32 patients over age 30 years and discusses 
the role of surgery with reference to operative risk and long-term re- 
sults. 


Material and Methods 


Since 1959 a total of 32 patients over age 30 years have had surgical re- 
pair of a secundum type of atrial septal defect in this hospital. There were 7 
men and 25 women, with an average age of 42.1 years. Of 6 patients over 
age 50 years, the oldest was aged 57 years. 

In all patients, clinical, roentgenographic, electrocardiographic and right 
heart catheterization studies were performed before operation. Cardiotho- 
racic ratio was calculated from standard posteroanterior chest roentgeno- 
grams and expressed as percentage of maximal internal thoracic diameter. 
The degree of increased pulmonary vascular marking was described as mild, 
moderate or severe. Pulmonary arterial prominence was assessed by mea- 
suring the distance from the point of maximal convexity of the pulmonary 
arterial shadow to the line forming its base. 
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TABLE | 
Anatomy of Atrial Septal Defects and Associated Anomalies 








Patients 
Lesion (no.) 
Atrial septal defects 
Sinus venosus 3 
Secundum* 
High 3 
Central 17 
Low 3 
Absent septum 6 
Associated anomalies 
Partial anomalous pulmonary venous drainage 4 
Left superior vena cava entering the coronary 
sinus 1 
Pulmonary valvular stenosis 1 
Mitral insufficiency due to ruptured chordae 
tendinae 1 





* Two patients had more than 1 defect. 


Pulmonary arterial mean pressures of less than 20 mm 
Hg were considered normal; pressures between 20 and 25 
mm Hg, 30 and 39 mm Hg and 40 mm Hg or greater were 
considered, respectively, as indications of mild, moderate 
and severe pulmonary hypertension. The pulmonary to 
systemic flow ratio (Qp/Qs) was determined in all pa- 
tients. Left to right shunts of less than 2:1, between 2:1 
and 3:1, and greater than 3:1 were described as small 
moderate and large, respectively. Pulmonary systemic re- 
sistance ratio (Rp/Rs) greater than 0.2 was considered ab- 
normal. 

All patients were operated upon with the use of cardio- 
pulmonary bypass. The anatomy of the defects and the 
associated anomalies are listed in Table I. Twelve pa- 
tients had a direct suture; the remaining 20 had a fabric 
patch repair. One patient with associated mitral insuffi- 
ciency required Wooler’s annuloplasty.12 Except for 1 pa- 
tient who moved to Canada after the operation, all survi- 
vors of the operation were reexamined and reassessed by 
us. Nineteen patients underwent repeat hemodynamic 
studies. The duration of the follow-up period ranged from 
6 months to 12 years (average 644 years). 


TABLE II 
Postoperative Complications 


Patients 
Complications (no.) 
Arrhythmias 

Atrial fibrillation 7 
Paroxysmal atrial tachycardia with block 1 
Excessive bleeding requiring reexploration 3 

Excessive trachec bronchial secretions 
requiring tracheostomy 3 
Prolonged hypotension 1 
Minor pulmonary embolism 1 
Atelectasis (right lower pulmonary lobe) 1 
Total 17 
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0 
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FIGURE 1. The incidence of pre- and postoperative symptoms 
in 31 adults who survived the closure of atrial septal defect. 


Results 


There was 1 postoperative death due to cardiac 
tamponade. Another patient died 7 months after op- 
eration as a result of ulcerative colitis. The clinical 
assessment of this patient prior to death has been in- 
cluded in the study. Table II lists postoperative com- 
plications. 

Symptoms: Symptoms before and after operation 
in 31 patients are shown in Figure 1. The majority of 
the patients became asymptomatic after operation. 

Preoperative functional disability assessed accord- 
ing to the New York Heart Association classifica- 
tion!3 was greater in older patients (Fig. 2), although 
there were considerable individual variations. Post- 
operatively all but 2 patients had functional class I 
disease (Fig. 3). One of these 2 patients had systemic 
hypertension, and the other had sustained a myocar- 
dial infarction. The condition of all patients who had 
congestive cardiac failure or atrial fibrillation before 
operation returned to class I. 

Physical findings: A systolic ejection murmur in 
the pulmonary area was present in all patients pre- 
operatively; a right ventricular heave was noted in 25 
and fixed splitting of the second heart sound in 27 
patients. Postoperatively 3 patients have a pulmo- 
nary systolic ejection murmur, and 2 a residual 
shunt. Right ventricular heave is present in 2 pa- 
tients, but no patient has fixed splitting of the sec- 
ond sound. 

Radiologic findings: The preoperative car- 
diothoracic ratio ranged from 50 to 76 percent. Fig- 
ure 4 shows the analysis of pre- and postoperative 
values in different age groups and grades. The mean - 
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FIGURE 2. The age distribution of patients in functional 
classes (| to Ill, New York Heart Association). Closed circles 
represent the ages of individual patients; open circles joined by 
interrupted lines represent their mean in different functional 
classes. n = number of patients. 


preoperative cardiothoracic ratio in patients aged 51 
to 60 years was significantly higher than that in pa- 
tients aged 31 to 40 years (P <0.01) or 41 to 50 years 
(P <0.05). A similar correlation was seen in the 
analysis of the cardiothoracic ratio in increasing 
functional grades and the difference between classes 
I and II, and classes I and III was statistically signifi- 
cant (P <0.01 and <0.02, respectively). Increased 
pulmonary vascular markings and a hilar dance were 
demonstrated in all but 1 patient, who had associ- 
ated pulmonary stenosis. These findings were classi- 
fied as mild in 4, moderate in 20 and severe in 7 pa- 
tients. Pulmonary arterial prominence was 5 mm or 
less in 17, between 6 and 10 mm in 11 and greater 
than 10 mm in 4 patients. 

Postoperatively a significant decrease in the car- 
diothoracic ratio was noted in all but 3 patients. One 
of the latter had systemic hypertension, and the 
other 2 had small residual shunts. The reduction in 
the cardiothoracic ratio in each age group and func- 
tional class was statistically significant (Fig. 4). Two 
patients with a small residual shunt confirmed at 
postoperative cardiac catheterization showed persis- 
tence of a moderate degree of pulmonary plethora. 
Pulmonary vascular markings were normal or mild 
in the remaining patients. 

Reduction in the pulmonary arterial prominence 
was variable and associated with a decrease in pul- 
monary arterial pressure; it was seen in patients in 
all age groups and functional classes. However, it 
was not related to the extent of reduction in pulmo- 
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FIGURE 3. Pre- and postoperative functional classes (New 
York Heart Association classification) of 31 patients who sur- 
vived the closure of atrial septal defect. Number in each box 
represents number of patients in each class. 
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FIGURE 4. Pre- and postoperative cardiothoracic ratio ac- 
cording to functional class and age group of 31 patients surviv- 
ing closure of atrial septal defect. Small closed and open circles 
represent, respectively, pre- and postoperative cardiothoracic 
ratio in individual patients. Large closed and open circles joined 
by interrupted lines represent pre- and postoperative mean 
values. n = number of patients. 
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TABLE Ill 


Analysis of Pre- and Postoperative Electrocardiogram 
DES COE en VERE LEMNOS aa LO oe SE a 
Preoperative Postoperative 
(32 patients) (31 patients) 


Electrocardiogram 





Rhythm 
Sinus 26 20 
Atrial fibrillation 6 11 
Axis 
Normal 16 25 
Right > +90° 16 5 
Left < —30° nds i? 
QRS pattern in V; 
rsR’ 29 24 
qR 1 1 
qRs 1 
rS 1 6 


Height of R in V; 7.0mm 


* Patient has systemic arterial hypertension. 


nary arterial pressure. There were no statistically 
significant differences in the degree of reduction 
among different age groups and functional classes. 
Electrocardiogram: ‘Table III presents an analy- 
sis of the pre- and postoperative electrocardiographic 
data. The data from 6 patients with preoperative 


atrial fibrillation are detailed in Table IV. Of the 11 


patients with postoperative atrial fibrillation, 4 had 
the dysrhythmia preoperatively; in 7 it developed 
after surgery. Cardioversion failed on several occa- 
sions to revert the fibrillation to sinus rhythm. There 
was a significant postoperative reduction in the 
height of the R wave in lead V,; from the preopera- 
tive mean value of 7.0 to 4.2 mm at recent follow-up 
study. 

Hemodynamic data: All patients underwent 
right heart catheterization preoperatively. All had a 
left to right shunt (small in 5, moderate in 22 and 
large in 5 patients). Patients with a left to right 
shunt greater than 3:1 had moderate to severe pul- 
monary hypertension and functional class II or III 
disease. Mean pulmonary arterial pressure was nor- 
mal in 1 patient. Fourteen patients had mild, 11 


TABLE IV 
Analysis of 6 Patients with Preoperative Atrial Fibrillation 


moderate and 6 severe pulmonary arterial hyperten- 
sion. There was a good correlation between mean 
pulmonary arterial pressure and functional class. 
However, there were no significant differences in 
mean pulmonary arterial pressure among different 
age groups (Fig. 5). Calculated pulmonary to sys- 
temic vascular resistance ratio was abnormally high 
in only 2 patients. 

Postoperatively, a residual shunt was clinically 
suspected in 2 patients and confirmed by hemody- 
namic studies. Both patients obtained good symp- 
tomatic relief. They have systolic ejection murmur, 
and their increased cardiothoracic ratio and pulmo- 
nary vascular markings on chest roentgenogram have 
persisted. The overall postoperative reduction in 
mean pulmonary arterial pressure was statistically 
significant (Fig. 6), especially in those with a preop- 
erative mean pulmonary arterial pressure of 30 mm 
Hg or greater (P <0.001); however, it was not signifi- 
cant in patients with only mild pulmonary hyperten- 
sion (P <0.05). There was a significant increase in 
the calculated pulmonary to systemic vascular resis- 
tance ratio. 


Discussion 


Although some adult patients with secundum atri- 
al septal defect may remain symptom-free, many 
have a shorter life expectancy and are disabled be- 
cause of increasing symptoms and the development 
of complications such as pulmonary hypertension, 
atrial fibrillation and congestive heart fail- 
ure.*:7:14-16 About 50 percent of those seen in hospi- 
tals have symptoms at age 40 years, and more than 
75 per cent have symptoms at age 50 years.® In our 
series we observed greater functional disability in 
older age groups, greater heart size in patients older 
than age 50 years, and with functional class II and 
III disease, and a higher incidence of atrial fibrilla- 
tion in patients older than 50 years. 

The value of surgical treatment of atrial septal de- 
fect in elderly patients has been questioned, espe- ` 
cially in those with severe pulmonary hypertension, 
because of high operative risk, postoperative compli- 
cations and associated irreversible changes in the 





á . : . PA 
Case SEAR x Postop Nees ci het NAND. Preop Pressure 
no. Age (yr) & Sex Preop Postop Rhythm Preop Postop (mean) L-R Shunt 
11 57F IH | AF 68 60 25 2.5:1 
19 57F II | AF 76 60 27 ki 
24 45M I | SR 50 50 24 2.6:1 
27 53F IH | AF 75 65 35 2.8:1 
29 32F I | SR 62 56 35 3.21 
32 53F II | AF 66 54 45 3.5:1 





* New York Heart Association classification. 


_ AF = Atrial fibrillation; L-R = left to right; PA = pulmonary artery; SR = sinus rhythm. 
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lungs and myocardium.4:11 On the other hand, fa- 
vorable results have been reported by several investi- 
gators.7:10.16-18 The operative mortality in patients 
over age 45 years in most centers now averages ap- 
proximately 6 percent.1:9-10.19 Old age,11 pulmonary 
hypertension16-18.20 and congestive heart failure? 
are the factors influencing the surgical mortality and 
morbidity. However, sustained clinical and hemody- 
namic benefit have been achieved even in patients 
with advanced cardiac disability.9 The results of Dai- 
coff et al.1° in patients who underwent repair at age 
45 years and over are excellent when compared with 
those in the untreated series of Markman et al.* and 
indicate a significantly longer survival in the former 


group. 


@PRE-OP 


FIGURE 6. Pre- and postopera- 
tive mean pulmonary arterial pres- 
sures and pulmonary to systemic 
vascular resistance ratios (Rp/Rs) 
in 19 patients restudied after the 
closure of atrial septal defect. 
Small closed and open circles re- 
spectively represent individual pre- 
and postoperative values; large 
closed and open circles represent 
mean values. n = number of pa- 
tients. 


MEAN PA PRESSURE mm Hg 


FUNCTIONAL CLASS 





ATRIAL SEPTAL DEFECT IN ADULTS—DAVE ET AL. 





41-50 51—60 


AGE GROUPS 


IlI 31—40 


In our series the repair of atrial septal defects in 
adults and elderly patients produced favorable re- 
sults. The 2 deaths were not related to the complica- 
tions of atrial septal defect associated with advanc- 
ing age. Twenty-nine of the 31 patients reviewed 
postoperatively had class I and 2 had class II disease. 
There was significant reduction in heart size, pulmo- 
nary vascular markings and pulmonary arterial 
prominence irrespective of the patient’s age, preop- 
erative disability, pulmonary hypertension, atrial fi- 
brillation or history of congestive cardiac failure. 

In 2 patients whose pulmonary ejection murmur 
persisted and cardiothoracic ratio and pulmonary 
vascular markings remained unaltered, a residual 
shunt was confirmed by postoperative hemodynamic 


Opost-op @pre-op post-op 
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study. Reduction in pulmonary arterial prominence 
probably reflects a decrease in the size of the pulmo- 
nary artery and an overall reduction in pulmonary 
arterial hypertension. 

Atrial fibrillation: Our study confirms previous 
observations!5:22 that increasing age and pulmonary 
hypertension predispose to the development of atrial 
fibrillation. However, the presence of the arrhythmia 
did not prejudice postoperative results. Anticoagu- 
lant therapy was not used postoperatively in our se- 
ries and there has been no systemic embolic compli- 
cation in any patient, contrary to findings in some 
previous reports. 17-23 

Congestive failure: The presence of congestive 
cardiac failure preoperatively did not adversely in- 
fluence the results of the repair in our series as it has 
not in others.®-9:18 All patients who had congestive 
heart failure before operation have derived signifi- 
cant improvement and have no functional disability. 

Pulmonary hypertension: The positive correla- 
tion between cardiac disability and pulmonary hy- 
pertension noted in our study has also been reported 
by others.4:9:16 The significant reduction in the pul- 
monary arterial pressure shown in the postoperative 
hemodynamic studies in our series corroborated find- 
ings of most other reports,5:9:18.24-26 although some 
have had a different experience.27:28 The reduction 
in the pulmonary arterial pressure occurred in all age 


groups and functional classes. It was more significant 
in patients with moderate or severe pulmonary hy- 
pertension. 

Pulmonary vascular resistance: The significant 
postoperative rise in calculated pulmonary to sys- 
temic vascular resistance ratio observed in our series 
has also been noted in other studies.9:18-29 Appar- 
ently, in patients with large preoperative shunts and 
relatively decreased pulmonary arterial pressure, the 
rise in calculated pulmonary to systemic vascular re- 
sistance ratio is reciprocal to the reduction in pulmo- 
nary blood flow. This phenomenon probably implies 
an adjustment in pulmonary arteriolar tone.30 In 
some instances, it is possible that there is little or no 
regression of pulmonary vascular disease.18.25 Never- 
theless, the volume and pressure load on the right 
ventricle is considerably reduced. 

The low mortality and morbidity and uniformly 
favorable long-term results prompt us to agree with 
those who advocate surgical treatment in all adults 
with atrial septal defect, except those with a re- 
versed shunt. 
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Seventy-one children aged 2 to 17 years (mean 8.8) underwent op- 
eration for atrial septal defect and have been followed up for 5 to 13 
years (mean 8.2). The condition of the rare symptomatic patient has 
improved, and weight gain and growth have been striking in the few 
who had previously shown underdevelopment. Congestive heart fail- 
ure has not recurred in the 3 patients who had it before operation. 
Forty-six patients have shown a return of heart size to normal by 
X-ray study, 61 a shift of the frontal plane QRS axis to the left and a 
decrease in the height of the R or R’ wave in lead V;, and 30 of 37 a 
disappearance of electrocardiographic evidence of right ventricular 
enlargement. Twenty-two patients (31 percent), although asympto- 
matic, have residual evidence of cardiac enlargement, 15 by X-ray 
study alone, 3 by electrocardiogram alone, and 4 by both methods. 
Complete or partial reversion of both roentgenographic and electro- 
cardiographic abnormalities occurs within 1 1/2 to 2 years postop- 
eratively, and no change is seen thereafter. Persistent postoperative 
cardiac enlargement may be due to incomplete repair (2 of 12 pa- 
tients who underwent recatheterization) or persistent, hemodynami- 
cally significant arrhythmias occurring as a complication of surgery 
(3 patients). Primarily it is the result of apparent failure of myocar- 
dial disease to regress and can be considered a cardiomyopathy of 
volume loading. Although abnormal physiologic indexes were not 
demonstrated in all postoperative catheterization studies, some pa- 
tients showed evidence of loss of myocardial compliance. In those 
with residual cardiac enlargement, there was no significant positive 
correlation with the magnitude of the left to right shunt, increase in 
preoperative right-sided pressure, size or location of the defect, de- 
gree of preoperative cardiac enlargement or age at which operation 
was performed. Results to date suggest that although early closure 
of an atrial septal defect is curative for most, residual myocardial 
disease in some may ultimately result in a less than normal life ex- 
pectancy. 


Of all the congenital cardiac malformations, secundum atrial defect 
is the most common in adult life and has the best prognosis.1-? With 
few exceptions, however, its presence ultimately compromises well- 
being and longevity. Cardiac disability becomes manifest by the 
fourth decade and thereafter occurs with increasing frequency and 
severity. 1 

The development of the Eisenmenger syndrome in atrial septal de- 
fect is relatively infrequent; it occurred in only 8 percent of our adult 
patients, with evidence that in some it had existed since childhood.4 
Although pulmonary arterial pressure tends to be higher in older pa- 
tients, the heart enlarges and fails primarily because of volume load- 
ing. 
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FIGURE 1. Postoperative roentgenograms show normal heart size with persistent prominence of the pulmonary arteries in 3 
patients, aged 22, 16 and 30 years, 10, 10 and 13 years, respectively, after operation. 


Early surgical repair is definitive treatment for the 
small number of infants and young children with 
atrial septal defect who have significant symptoms or 
congestive failure.5-7 Typically, however, operation 
is recommended for children with significant left to 
right shunts (greater than 1.5:1)® to prevent both the 
later progressive or complicating aspects of the dis- 
ease and the higher operative mortality rate (25 per- 
cent in the adult patient) if significant pulmonary hy- 
pertension or congestive heart failure has developed. 9 

The extremely low surgical mortality rate of less 
than 1 percent in uncomplicated cases in childhood? 
(none in our series) virtually excludes operative 
deaths in the assessment of results. At least another 
decade will be required for full comparison of the 
fate of those operated on in childhood with that of 
patients not operated on. However, some reasonable 
conclusions as to their future can probably be drawn 
now on the basis of postoperative roentgenographic 
and electrocardiographic evidence of residual heart 
disease and cardiac catheterization findings. 


Material and Methods 


The study group comprised 71 of 141 children (69 male 
and 72 female) who had undergone surgical repair of atrial 
septal defect or partial anomalous primary pulmonary ve- 
nous return, or both, between ages 2 and 17 years. All 71 
patients (41 male and 30 female) were personally followed 
up for 5 to 13 years (mean 8.2). Sixty-six had been oper- 
ated on with use of cardiopulmonary bypass, and 5 (of 14 
in the total group) underwent hypothermia and inflow oc- 
clusion. All had had preoperative cardiac catheterization 
studies, and 12 who showed residual cardiac enlargement 
or significant arrhythmias, or both, underwent similar 
studies postoperatively. 

In our experience, complete or partial reversion of both 
roentgenographic and electrocardiographic evidence of 
right heart enlargement occurs within 1 1/2 to 2 years 


after repair of atrial septal defect in children, and no 
change is seen thereafter. Results of evaluative studies 
performed 2 years postoperatively are therefore probably 
valid. However, to avoid the possible inclusion of any pa- 
tient with delayed reversion of abnormalities, only the re- 
sults in studies performed 5 or more years after operation 
are presented. 

Roentgenographic interpretation of cardiac enlargement 
is often open to subjective error, particularly in the evalu- 
ation of mild degrees of enlargement of the right ventricle. 
Therefore, all films were also independently interpreted 
by members of the X-ray department. When enlargement 
was considered equivocal, it was classified as normal. 


Results 


Heart failure: Three children had had congestive 
failure at ages 19 months, 2 and 5 years, respec- 
tively. All evidence disappeared postoperatively with 
no further need for medical therapy. The condition 
of the rare patient with symptoms improved; weight 
gain and growth were striking in the few who had 
previously shown underdevelopment. 

Cardiac enlargement and residual cardiac dis- 
ease: In 8 patients the heart did not appear en- 
larged on roentgenogram, and the appearance was 
unchanged postoperatively. In 46 the heart size re- 
turned to normal, although prominence of the main 
pulmonary artery and its branches almost invariably 
persisted (Fig. 1). The electrocardiogram in 61 pa- 
tients showed a shift of the QRS frontal plane axis to 
the left and a decrease in height of the R or R’ wave 
in lead Vı. The rSR’ pattern or its variants persisted 
in 45 and reverted to an rS pattern in 8. Electrocar- 
diographic evidence of right ventricular enlargement 
disappeared in 30 of the 38 patients who had had 
this finding preoperatively. 

Twenty-two patients (31 percent), all asympto- 
matic, showed evidence of residual cardiac disease, 
15 by X-ray examination, 3 by electrocardiographic 
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FIGURE 2. A, preoperative roentgenogram at age 4 years shows cardiac enlargement. The electrocardiogram shows an rSR’ pattern 


with no evidence of right ventricular enlargement. B, 6 years postoperatively cardiac enlargement persists. The electrocardiogram 
shows a shift of the QRS axis to the left and an rS pattern in the right precordial leads. 


examination, and 4 by both means. X-ray study re- 
vealed either generalized or right ventricular enlarge- 
ment and persistent increased pulmonary vascularity 
(Fig. 2 to 4). Electrocardiographic study indicated 
right ventricular hypertrophy, manifested by a QRS 
frontal plane axis of more than +120°, a QR complex 
in lead V; or V3R or an R’ wave greater than 15 mm 
in lead V4 or V3R.?° 


Cardiac catheterization findings: The size and 
location of the defect found at operation were com- 
parable in the groups with and without residual 
heart disease (Table I). On preoperative cardiac 
catheterization the calculated shunt ratio (Qp/Qs) 
was also similar, ranging from 1.8:1 to 4:1, al- 
though a greater percentage incidence of larger 
shunts was present in the group with residual cardi- 
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A, preoperatively, both roentgenogram and electrocardiogram show right ventricu- 


lar enlargement in a 6 year old patient. B, 5 years postoperatively, the X-ray film still shows right 
ventricular enlargement and prominence of the pulmonary artery. The electrocardiogram shows 
a shift of the QRS axis to the left with decreased evidence of right ventricular enlargement and 


increased left ventricular forces. 


ac enlargement. The ratio of pulmonary to systemic 
arterial pressure (Pp/Ps) was also not significantly 
different in either group although the patients who 
had residual cardiac enlargement had the greater in- 
cidence of increased pulmonary arterial pressures 
(Table I). 

Of the 12 patients who underwent recatheteriza- 
tion postoperatively, 2 (1 operated on with use of 
cardiopulmonary bypass 10 years previously and the 
other with use of hypothermia and inflow occlusion 
13 years previously) showed a small atrial defect and 
anomalous drainage of the right superior pulmonary 
vein. The pulmonary to systemic flow ratios were 


1.4:1 and 1.6:1, respectively. In both, the heart, al- 
though relatively smaller than before operation, is 
still enlarged on X-ray examination, and in 1 the 
electrocardiogram also shows right ventricular en- 
largement. Auscultatory findings were within nor- 
mal limits. 

Arrhythmias: Postoperative arrhythmias were 
observed in 53 children in the total series. They oc- 
curred in 3 children operated on with use of hypo- 
thermia and inflow occlusion and in 50 operated on 
with use of cardiopulmonary bypass. In 3 children, 
all operated on with use of cardiopulmonary bypass, 
nodal bradycardia persisted for 2, 3 and 9 years, re- 
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Patient aged 4 years. A, the preoperative roentgenogram shows cardiac enlarge- 


ment and increased pulmonary vascularity. The electrocardiogram shows a normal sinus rhythm. 
B, 6 years postoperatively, cardiac enlargement persists although the degree of pulmonary 
vascularity has diminished. The electrocardiogram shows nodal bradycardia with inappropriate 


Ey 
A 
FIGURE 4. 
response to exercise. 
TABLE | 


Postoperative Cardiac Size 


49 Patients 22 Patients 
Without Cardiac With Cardiac 
Enlargement Enlargement 
Postoperatively Postoperatively 
no. % no. % 
Age at operation (yr) (mean) 2-17(9) 2-17(7.1) 
Type of defect 
Simple secundum 41 18 
Sinus venosus 6 4 
PAPVR 2 0 
RVH by preoperative 
roentgenogram 43 90 19 86 
None 6 12 2 9 
Slight 28 57 5 23 
Moderate 13 27 9 41 
Marked 2 4 6 27 
RVH by preoperative 
electrocardiogram 22 45 16 73 
RVH by roentgenogram and 
ECG preoperatively 19 39 14 64 
Qp/Qs preoperatively 
1.8-3.0 41 84 16 72 
3.2-4.0 8 16 6 28 
Pp/Ps preoperatively 
0.15-0.35 34 70 9 41 
0.36-0.45 10 20 8 8 
0.46-0.68 5 10 5 23 


RVH = right ventricular enlargement; PAPVR = partial anom- 
alous pulmonary venous return; Qp/Qs = ratio of pulmonary 
flow to systemic flow; Pp/Ps = ratio of pulmonary arterial 
- pressure to systemic arterial pressure. 


18. 


spectively, after operation and then reverted sponta- 
neously to normal sinus rhythm. During the period 
of bradycardia, the ventricular rate could not be in- 
creased on exercise, but all 3 patients were asymp- 
tomatic with no evidence of cardiac enlargement. 
Cardiac catheterization performed in 1 patient (Case 
3) after a return to sinus rhythm disclosed normal 
hemodynamic findings and no residual shunt but 
minimal pulmonary valvular stenosis (Table II). 

Three others operated on under cardiopulmonary 
bypass still have persistent arrhythmias 5, 7 and 10 
years, respectively, after operation. Two have nodal 
bradycardia, and 1 has nodal and multifocal ventric- 
ular ectopic beats. The first 2 show an abnormal re- 
sponse to exercise manifested by a suppressed ability 
to increase the ventricular rate; all 3 have residual 
cardiac enlargement. On postoperative catheteriza- 
tion, 1 has an increase in right atrial mean and right 
ventricular end-diastolic pressures at rest that was 
not present before operation. 

Of the 8 patients with persistent cardiac enlarge- 
ment who underwent postoperative recatheterization 
and who had neither residual shunt nor arrhythmia, 
3 had mildly increased resting right atrial mean and 
right ventricular end-diastolic pressure. All indexes 
of myocardial function were normal in the other 5 
patients. 


Discussion 


Most reports!°?? evaluating the results of opera- 
tive repair of secundum atrial septal defect include 
studies of both adults and children and present pri- 
marily operative morbidity and mortality, or reversal 
of cardiodynamic abnormalities, and the incidence of 
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TABLE Il 7 
Persistent Postoperative Arrhythmias 
Age at Rhythm (per min) Current Status 
Case Operation 
no. (yr) & Sex Defect Postop. Current Roentgenogram ECG 
1 7F Large low Nodal rhythm (80-90) Persistent for 2 yr as No cardiac rSR Vi; 
low as 50; spontane- enlargement axis +60° 
ous reversion 
2 6F 2.5 by 2 cm; sinus Nodal bradycardia (50) Nodal bradycardia for No cardiac rS Vi; 
venosus; APVR 3 yr; spontaneous enlargement axis +60° 
rt. lung reversion 
3 5M 2 cm diam; central Nodal tachycardia (110) Nodal bradycardia (50) No cardiac RSrS V;; 
for 3 days then for 9 yr; spontaneous enlargement axis 0° 
bradycardia (50) reversion 
4 4M 2 cm diam; central Nodal tachycardia; Nodal bradycardia (54); RVH 2+ RSr Vi; 
heart block; nodal on exercise to 65; axis 0° 
bradycardia (40) 5 yr 
5 4M 1 cm diam; sinus Heart block; nodal Coronary sinus rhythm RVH+ QR V;; 
venosus; APVR rt. rhythm; atrial flutter; (70) on exercise to axis +90° 
superior and coronary sinus 100; 7 yr 
middle lobe rhythm (70) 
6 15M 4cm diam; Nodal tachycardia and Premature nodal and No cardiac RVH; 
inferior atrial flutter; multifocal ventricular enlargement axis +180° 


recurrent paroxysmal 
atrial tachycardia 6 


mo postop. 


beats; 10 yr 


APVR = anomalous pulmonary venous return; postop. = postoperative; rt. = right; RVH = right ventricular hypertrophy. 


incomplete surgical closure. Less attention has been 
focused on electrocardiographic and roentgenograph- 
ic evidence of residual heart disease in those oper- 
ated on in childhood. 

Davies et al.2* in a composite series of children 
and adults, demonstrated the postoperative decrease 
in magnitude of the R’ wave in lead V; and a left- 
ward shift of the mean QRS axis. These changes oc- 
curred most rapidly in the first 6 months and contin- 
ued in some for another 5 years after operation. Cha- 
bot et al.24 described vectorcardiographic evidence of 
regression, but not complete reversion, of indexes of 
right ventricular hypertrophy in 46 of 49 patients 
within the first year after successful repair of ostium 
secundum defects. Approximately half of these pa- 
tients were children. Persistence of electrocardio- 
graphic evidence of right ventricular enlargement 
was noted by Petersson?® in 11 of 23 children 1 1/2 
years postoperatively. Hoffman et al.?! reported elec- 
trocardiographic and vectorcardiographic evidence of 
persistent right ventricular enlargement in 60 per- 
cent of 50 children evaluated 6 months to 6 years 
after operation. 

Of 10 children studied postoperatively by Reindell 
et al.,14 7 whose defects were closed showed large 
hearts on roentgenogram 8 to 50 months after opera- 
tion. Increased mean right atrial pressure in 3 pa- 
tients was considered evidence for a ‘“‘myogenic dila- 
tation” of the right heart chambers. Petersson!® re- 
ported slight enlargement by X-ray examination in 
only 2 of 45 children evaluated 1 1/2 years postoper- 
atively; both had normal hemodynamic values. 


Our current long-term evaluation indicates that 
surgery in childhood for secundum atrial septal de- 
fect is apparently curative for most patients. How- 
ever, 31 percent show evidence of residual heart dis- 
ease 5 to 13 years after operation. These findings 
may result from: (1) residual defect or defects due to 
incomplete repair; (2) persistent arrhythmias of dy- 
namic significance as a complication of surgery; and 
(3) failure of myocardial disease to regress. 


Surgical Failure 


Studies of patients who have undergone recathe- 
terization after surgical repair of secundum atrial de- 
fects!9 21 show that despite a marked variability, the 
incidence of residual defects is not significantly high 
—11.1 percent in patients operated on with use of 
hypothermia and inflow occlusion and 7.4 percent in 
those operated on with use of cardiopulmonary by- 
pass (Table III). Usually the residuum is a persistent 
anomalous drainage of a pulmonary vein or a small 
atrial defect. In most, the ratio of the left to right 
shunt has been less than 1.5:1 and has thus been 
considered of no hemodynamic significance. 

Since persistent postoperative defects may be un- 
suspected clinically, their recognition almost invari- 
ably requires cardiac catheterization. Murmurs may 
become insignificant or disappear, and the fixed or 
widened split of the sounds of aortic and pulmonary 
valve closure may return to normal. Electrocardio- 
graphic evaluation can also be misleading since pre- 
vious manifestations of pressure or flow overload 
may regress.22 A decrease in heart size is also not a 
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definite indication that complete closure has been 
obtained.13:14,20 Postoperative cardiac catheteriza- 
tion was not performed in all patients in this series. 
It is possible, therefore, that some with and some 
without may still have residual defects. 

Surgical failure in the overall evaluation of repair 
of secundum atrial septal defect in children seems to 
be of minor incidence and significance. The rate of 
failure is approximately 10 percent at present and 
should become progressively lower with the aban- 
donment of use of inflow occlusion and hypothermia 
during surgery (at least in this country). The use of 
dye-dilution techniques in the operating room after 
repair, as practiced in some centers,?! will also di- 
minish the frequency of incomplete closure. 


Complications of Surgery 


The reported incidence of arrhythmias following 
operation for secundum defects ranges from 8.5 per- 
cent in patients operated on under hypothermia and 
inflow occlusion?® to 60 percent in those operated on 
under cardiopulmonary bypass.2® The arrhythmias 
are usually atrial and transient, unless they antedat- 
ed the operation. The overall incidence of arrhyth- 
mias in the children we studied was 38 percent, and 
the disturbances occurred predominantly in those 
operated on under cardiopulmonary bypass. 

Persistent arrhythmias in children after surgery for 
secundum atrial septal defect have not been pre- 
viously reported. In 3 of 6 such children, late sponta- 
neous reversion to sinus rhythm occurred 2, 3 and 9 
years postoperatively. None of the 3 currently have 
cardiac enlargement. The other 3 show persistent 
cardiac enlargement, with laboratory evidence of di- 
minished right ventricular compliance in 1. At pres- 
ent the arrhythmias are of no clinical significance. 
Conceivably, they may become signifant if those 
with bradycardia are unable to increase cardiac out- 
put adequately under stress, or should significant 
tachyarrhythmias eventuate in the young adult with 
multifocal ectopic beats. 

Although the incidence (2 percent) is low, persis- 
tent significant arrhythmias as a complication. of 
atrial septal defect repair must be considered a po- 
tential cause for future cardiac difficulty. They most 
likely result from trauma to the sinus node or its ar- 
terial supply?’ as a result of caval intubation in the 
presence of significant right atrial dilatation. Their 
occasional occurrence is probably unavoidable. 


Failure of Regression of Myocardial Disease 


Physiologic data have been obtained in a small num- 
ber of children and young adults after successful re- 
pair of secundum atrial septal defect. Despite persis- 
tent cardiomegaly shown by X-ray or electrocardio- 
graphic study, or both, in some children, Reindell4 
reported increased mean right atrial pressure only in 
3 of 10 children studied postoperatively. Of 35 chil- 
dren with proved surgical closure of a secundum de- 
fect described by Arnfred,1%?° 12 to 15 months post- 

operatively 9 had mean right atrial pressure greater 


TABLE lll 
Residual Postoperative Atrial Septal Defect 


Patients Residual Defects 

Racal- Total 

eterized E DAN a 

Author (no.) Major* Minor no. % 
Hypothermia and Inflow Occlusion 
Winchell and Bashour” 20 0 1 1 5 
Morrow et al.?! 33 7 3 10 30 
Sellors™ 65 0 7 7 11 
Loogen et al.: 43 0 7 7 16 
Reindell et al." 30 0 2 2 7 
Lueker et al.?? 25 2 7 9 36 
Petersson! 94 0 0 0 0 
Total 310 9 27 36 li.1 


Petersson? 13 0 0 0 0 
Sellers et al. 91 3 3 6 7 
Cohen et al." 148 0 11 11 7 
Arnfred 8-0 64 1 4 5 8 
Hoffman et al.?! 50 0 5 5 10 
Total 366 4 23 27 7.4 


* Major defect = Qp/Qs 1.5 or greater. 


than the preoperative value and 1 also had increased 
right ventricular end-diastolic pressure. 

Petersson!® documented a “‘hypokinetic systemic 
circulation” with a low level of cardiac output during 
exercise and a high normal level of pulmonary vascu- 
lar resistance. In the series of Lueker et al.,2! pa- 
tients with decreased cardiac output during exercise 
usually had normal pulmonary vascular resistance. 
However, a second group of patients had an abnor- 
mal pulmonary vascular response to exercise or hyp- 
oxia. Because this response occurred more frequently 
in patients over age 20 years, it was suggested that 
the duration of the shunt may be a causal factor. 

To determine if early operative closure might be a 
factor in lessening the degree of persistent residual 
heart disease, our 71 patients were evaluated in rela- 
tion to age at the time of operation (Table IV). How- 
ever, the highest incidence of residual defects oc- 
curred in the 2 youngest age groups. Of the 7 chil- 
dren with residual cardiac enlargement operated on 
between 2 and 5 years of age, 2 had had congestive 
failure before operation. These children may have 
had more severe myocardial disease, although it was 
not manifested by unusually high levels of pulmo- 
nary flow or right-sided pressure on cardiac catheter- 
ization. Two others were among those who had, as a 
complication of surgery, persistent nodal bradycar- 
dia and abnormal exercise response, which probably 
were causal factors in the residual cardiac enlarge- 
ment. 

Persistent cardiac enlargement after complete 
repair appears to be due mainly to failure of regres- 
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TABLE IV 


Secundum Atrial Septal Defect: Residual Cardiac 
Enlargement 5 to 13 Years Postoperatively 


Age at 
t Total 
Operation Patients Study ota 


(yr) & Sex (no.) X-Ray ECG Both no. % 


2-5 

M 5 3 0 2 5 

F 14 1 1 0 2 

Total 19 4 1 2 7 37 
6-11 

M 14 6 0 2 8 

F 16 2 1 0 3 

Total 30 8 1 2 11 37 
12-17 

M 10 2 1 0 3 

F 21 1 0 0 1 

Total 31 3 1 0 4 19 
All ages 

M 29 11 1 4 16 23 

F 41 4 2 0 6 8 

Total 70 15 3 4 22 31 


sion of the previously enlarged heart and might thus 
be considered a cardiomyopathy of volume loading. 
Some patients show at cardiac catheterization mild 
evidence of diminished right ventricular compliance; 
others show no hemodynamic abnormalities—a sit- 
uation perhaps analagous to that in an early phase of 
left ventricular cardiomyopathy.?° In view of the rel- 
atively minor degree of left to right shunt in the 2 
patients with residual postoperative defects, their 
cardiac enlargement may perhaps also result from 
residual myocardial disease rather than persistence 
of the defect, since it is not uncommon for patients 
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with such small shunts to show regression of heart 
size to normal. 13,14,20 re 

Neither the size or location of the defect nor physi- 
ologic assessment of the ratio of pulmonary to sys- 
temic blood flow appears useful for predicting the re- 
turn of heart size to normal after elimination of the 
shunt. The ratio of pulmonary to systemic arterial 
pressures, while not necessarily specific for an indi- 
vidual child, may be generally helpful since in- 
creased, although not necessarily abnormal, pulmo- 
nary arterial pressure, occurred more frequently in 
the group with residual postoperative cardiac en- 
largement. 

Predictability of the return of heart size to normal 
also does not seem to be necessarily a function of the 
degree of preoperative cardiac enlargement. Al- 
though the preoperative incidence of right ventricu- 
lar enlargement by electrocardiographic examination 
is greater (73 vs. 45 percent), as is the incidence of 
marked cardiac enlargement by X-ray examination 
(25 vs. 4 percent), in those with residual heart dis- 
ease, neither modality alone or in combination has 
predictive value for the individual patient. Correla- 
tion of these indexes with physiologic data also offers 
no help in anticipating a return of heart size to nor- 
mal. 

All patients at present evaluation are symptom- 
free. A normal outlook can be assumed for the ma- 
jority whose defects are either completely closed or 
too small to be physiologically significant. One must 
consider, however, whether the future for those with 
persistent cardiac enlargement, due in most to resid- 
ual cardiac disease, is compatible with a normal life 
expectancy. The prognosis for this latter group may 
perhaps ultimately be little different from that an- 
ticipated in the natural history of those not operated 
on for secundum atrial septal defect. 
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Simultaneous leads |, II, and III of the electrocardiogram were re- 
corded during selective aortocoronary saphenous vein bypass graft 
angiography in 20 patients. Arrhythmias associated with such graft 
opacification included sinus bradycardia, sinus arrest, atrial prema- 
ture beats, ventricular premature beats, ventricular tachycardia and 
two episodes of ventricular fibrillation. Rhythm disturbances were 
unrelated to the anatomic location of the grafts. Patent right graft in- 
jection effected a mean rightward frontal plane QRS axis shift of 
32.7° with leftward T wave axis deviation. A majority of subjects with 
patent aortic-left anterior descending coronary arterial grafts also 
manifested right axis shift (mean 22.6°), possibly related to collater- 
al circulation between the left and right coronary arterial systems. 
Those patients with stenosed and occluded grafts had minimal or no 
electrocardiographic changes during bypass angiography. It is con- 
cluded that electrocardiographic alteration during graft angiography 
is a physiologic demonstration of aortocoronary bypass efficacy. 


Various electrocardiographic alterations have been noted during 
opacification of the coronary arterial system of man with radiocon- 
trast media.!-9 Disturbances of rate, rhythm and conduction associ- 
ated with such studies include sinus bradycardia,*-°:’ premature atri- 
al and ventricular beats,?-4:7 sinus arrest,!:5:6 ventricular tachycar- 
dia,’ ventricular fibrillation®:5 and various degrees of atrioventricular 
(A-V) block. 4:7 Futhermore, shifts of the frontal plane QRS axis*»°: 
8.9 and specific S-T segment and T wave abnormalities?:4 have 
been correlated with the anatomic distribution of the coronary artery 
subjected to angiography. 

Recent development of surgical techniques for bypassing obstruct- 
ed coronary arteries with saphenous vein grafts!° provides a rational 
approach to the palliative therapy of segmental coronary atheroscle- 
rosis. The purpose of this paper is to describe the electrocardiograph- 
ic changes consequent to selective aortocoronary saphenous vein by- 
pass graft angiography. 


Material And Methods 


The study group consisted of 20 patients, 19 men and 1 woman, whose 
ages ranged from 40 to 68 years (mean 57 years). All subjects had preopera- 
tive angina pectoris secondary to coronary artery disease which was docu- 
mented by selective coronary arteriography. In addition, all patients were 
subjected to right and left heart catheterization and left ventriculography. 
Each member of the study group had chest pain that was considered refrac- 
tory to treatment with coronary vasodilators, beta adrenergic blocking 
agents and other medication. 
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Aortocoronary bypass procedures were performed ac- 
cording to the previously described technique.?° All grafts 
were implanted into the middle or lower third segment of 
the obstructed coronary artery. The patients underwent 
aortocoronary graft angiography after a postoperative peri- 
od ranging from 1 week to 11 months. Ten patients had 
aortic-right coronary arterial grafts, 4 had left anterior 
descending coronary arterial grafts and 6 had combined 
right and left anterior descending coronary arterial grafts, 
thus providing a total of 16 right and 10 left anterior de- 
scending coronary arterial grafts for study. 

After informed consent was obtained, the right or left 
brachial artery was exposed using 1 percent lidocaine 
local anesthesia at the antecubital fossa. A number 7 1/2 
Positrol®!! catheter was then passed in a retrograde fash- 
ion to the aortic root. Selective aortocoronary saphenous 
vein graft angiography was performed with 6 to 8 ml of 75 
percent Hypaque® introduced by hand-injected syringe. In 
addition, selective injections of contrast medium were 
made into the ostia of 10 right and 5 left coronary arteries 
that had been bypassed.!! Cineangiograms were obtained 
with a 35 mm Arriflex camera at a film speed of 32 
frames/sec in multiple projections. Sequential 6 expo- 
sures/sec, 15 by 15 inch, roentgenograms of graft opacifi- 
cation were obtained with a Schonander rapid film chang- 
er. In most cases, graft angiography was also performed 
after sublingual administration of 0.4 mg of nitroglycerin. 
Aortic root angiograms were also obtained in each case. 
All studies were performed with the patient in the postab- 
sorptive, nonsedated state in the supine position. Two of 
16 right coronary arterial grafts and 2 of 10 left anterior 
descending arterial grafts were completely occluded. 
There was 80 to 90 percent stenosis of 2 other left anterior 
descending arterial grafts. 

Simultaneous leads I, II and III of the electrocardiogram 
were recorded by a DR-12 Electronics for Medicine oscil- 
lographic photographic recorder at a paper speed of 25 or 
50 mm/sec, or both. Electrocardiograms were obtained 3 
to 5 seconds before, continuously during, and up to 1 min- 
ute after aortic root, selective coronary arterial and selec- 
tive aortocoronary graft angiography. Electrocardiograms 
recorded in this manner were analyzed for changes of 
heart rate, rhythm, maximal frontal plane QRS axis di- 
rection and abnormalities of conduction, S-T segments, T 
waves and Q-T intervals. Axis shifts resulting from by- 
pass graft angiography were compared with those caused 
by opacification of the bypassed coronary artery. 


Results 


Arrhythmias: Disturbances of rate, rhythm or 
A-V conduction occurred in 19 of 20 subjects (95 
percent). Sinus bradycardia (heart rate less than 60 
beats/min) was the most common arrhythmia asso- 
ciated with opacification of the graft. Transient sinus 
slowing occurred in 8 of 14 patients with patent aor- 
tic-right coronary and 5 of 8 patients with patent 
aortic-left anterior descending coronary arterial 
grafts. In 1 subject, sinus bradycardia was associated 
with A-V junctional escape beats, resulting in tempo- 
rary A-V dissociation. Atrial premature beats were 
evoked by a single right coronary arterial graft injec- 
tion, and ventricular premature systoles were noted 
on 5 occasions. Paroxysms of ventricular tachycardia 
resulted from aortic-left anterior descending coro- 
- nary arterial graft injection in 2 subjects. These lat- 
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FIGURE 1. Case 1. Simultaneous leads |, II and IIl of the 
electrocardiogram of a 41 year old man. Four seconds after 
aortic-left anterior descending arterial graft injection (INJ) ven- 


tricular flutter-fibrillation ensued. Sinus rhythm was restored 
after 2 sharp blows to the precordium. 


ter episodes lasted for 5 to 10 seconds and did not re- 
quire treatment. A 41 year old man with severe ob- 
structive triple vessel coronary artery disease experi- 
enced 2 episodes of ventricular flutter-fibrilla- 
tion during injection of contrast material into his 
aortic-left anterior descending arterial graft. One ep- 
isode was terminated with a blow to the patient’s 
precordial area and the second with direct-current 
defibrillation (Fig. 1). Other rhythm disturbances in- 
cluded 3 episodes of transient first degree A-V block 
and 2 periods of Mobitz type II A-V block (1 aortic- 
left anterior descending graft injection, 1 aortic-right 
coronary graft injection). A single 7 second period of 
sinus arrest occurred in 1 patient during right coro- 
nary arterial graft opacification. 

Frontal plane QRS axis shifts: Right aortocoro- 
nary bypass injection effected a rightward frontal 
plane QRS axis shift in all 14 patients with patent 
grafts (Fig. 2, Table I). The maximal axis shift 
ranged between 5 and 104° (mean 32.7°). In 3 pa- 
tients, this rightward deviation resulted in a frontal 
plane QRS axis that was greater than +90°. Patients 
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with a more leftward directed control frontal plane 
QRS axis had greater magnitudes of right axis shift 
during right graft angiography (Fig. 3). 

Patent left anterior descending aortocoronary graft 
angiography caused a leftward frontal plane QRS 
axis shift in only 1 subject (control +8°; post-injec- 


tion, —20°). Six other subjects who exhibited out any intermediate leftward QRS axis deviation. 
mad A Ae N el ed 
LII L | | 
on y INJ. 7 ml. 75% HYPAQUE AORTIC RT. COR. GRAFT 
mm.Hg 
5 l 
0 
| | 
FIGURE 2. Case 4. Leads |, II and III of the electrocardiogram and right ventricular end-diastolic pressure recorded from a 46 year 


old man. Opacification of the right aortocoronary bypass graft results in progressive frontal plane rightward axis shift. Five seconds 


ei 


changes of the frontal plane QRS axis manifested 
rightward shifts during patent left anterior descend- 
ing coronary arterial graft injection (Fi. 4). The 
rightward shifts ranged between 10 and 62° (mean 
22.6°). This change in axis occurred during aortic- 
left anterior descending arterial graft injection with- 





after injection, S waves appear in lead |. Note the prominent leftward T wave axis deviation resulting from injection. 


TABLE | 


QRS and T Wave Axis Shifts During Aortocoronary Graft and Coronary Angiography* 





Status of Graft or Coronary 
Artery on Angiography 


eka RCA Graft (g) RCA LAD Graft (g) LCA RCA LAD 
no. QRS T QRS T QRS T QRS T Graft Artery Graft Artery 
As SE SER a U SE ee LO TA NRE S Ee ee at Re 
1 R21° L25° L10° L120° tis ce +P P 
2 R62° L36° tP 
3 NA T) R10° N E4 P 
4 R22° L28° P 
5 R66° L110° P TA 5 Ste Like P sy 
6 N N R13° L22° L9° R73° O P P 
7 R14° L36° oF R10° R18° Brg R45° P P P 
8 R44° L52° N N et ne R O 
9 R10° L111° N N Li R40° P O P 
10 N N N N O O 
11 R104° L52° x Ay sit ret P vb UBN ae 
12 R30° L25° N N N N L38° R129° P O O P 
13 R13° L8° N N L50° R175° P O P 
14 R50° N L18° R80° zi Sie L28° R15° P O a P 
15 at wits N L170° L28° R6° x? YA RA P P 
16 R14° L11° N N N R160° N R125° P O P P 
17 R5° L10° N N N N L55° R67° P O O P 
18 R50° L153° N N L12° R5° P O P 
19 R25° L43° sal >» ae Nau P at 
20 RII”? t96? R20° ETT L10° R90° P +P p 


* Significance of difference between mean control and angiography QRS axis in subjects with patent grafts: right coronary arterial 


grafts P <0.01; left anterior descending coronary arterial grafts P <0.05. 
į Demonstrable left-right coronary arterial collateral circulation. 


L= left axis shift (magnitude in degrees); LAD = left anterior descending coronary artery; LCA = left coronary artery; N = no change; 


Ò = obstructed; P = patent; R = right axis shift (magnitude in degrees); RCA = right coronary artery. 
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Patients with a control frontal plane QRS axis great- 
er than —30° left or +90° right did not demonstrate 
any signifitant change. In those subjects with the 
most marked QRS axis shifts, the QRS duration in- 
creased no more than 0.03 second, and in no case did 
the duration of the QRS complex exceed 0.12 second. 
In general, greater increases of R wave voltage oc- 
curred in those patients with more marked axis 
shifts. 

Alterations of T waves, S-T segments, and Q-T 
intervals: Right aortocoronary graft opacification 
effected a leftward frontal plane T wave axis shift in 
13 patients. The magnitude of these shifts ranged 
from 8° to 153° (mean 53°). Concomitant with this 
leftward T wave axis deviation was S-T segment de- 
pression in leads II and III and S-T segment eleva- 
tion in lead I (Fig. 2). In general, the extent of S-T 
segment and T wave change during angiography par- 
alleled that of the QRS voltage and axis alteration. 
The most striking T wave changes were associated 
with prolonged Q-T intervals. Only 1 subject, with a 
significant QRS axis shift (+50°), did not have T 
wave changes during right coronary arterial graft in- 
jection. No patient had a rightward frontal plane T 
wave axis shift during right coronary arterial graft 
angiography. 

Left anterior descending coronary arterial bypass 
injection resulted in rightward T wave axis shifts ex- 
ceeding 10° in 2 subjects; both patients had minimal 
QRS axis changes. Four patients demonstrated left- 
ward T wave axis shifts (11°, 22°, 25° and 36°). All 4 
patients had right axis frontal plane QRS deviation 
during left anterior descending coronary arterial 
graft angiography (Table I). Two subjects had negli- 
gible T wave changes despite QRS axis shifts of more 
than 10°. 
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FIGURE 3. Relationship between control frontal plane QRS 
axis and magnitude of rightward axis shift induced by right 
aortocoronary graft angiography. There is a significant degree of 
negative correlation (P <0.01) between the rightward shift and 
the control value for QRS axis. 


Q-T interval prolongation was related to the T 


~. wave change as described for right coronary arterial 


graft injection. 

The S-T segment direction paralleled that of the 
T wave during injection (Fig.4). Major P wave alter- 
ations were not observed during graft angiography. 

Correlation with bypass graft patency and col- 
lateral circulation: Four patients with occluded 
aortocoronary grafts (2 right, 2 left anterior descend- 
ing arterial) had no significant electrocardiographic 
changes during injection. Angiographic injection of 2 
markedly stenosed but incompletely occluded left 
anterior descending grafts resulted in minimal QRS 
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FIGURE 4. Case 2. Leads |, II and III of the electrocardiogram from a 67 year old man with a patent aortic-left anterior descending 
arterial graft. A, 2 ml test injection of Hypaque into the aortic-left anterior descending bypass graft shifts the QRS axis in a rightward 
fashion. B, a 6 ml repeat injection into the graft results in sinus slowing, a rightward axis shift, prolonged Q-T intervals, marked left- 


_. ward T wave axis deviation and S-T segment depression in leads I! and III. 
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FIGURE 5. Case 9. Leads |, Il and III of the electrocardio- 
gram recorded from a 49 year old man during right coronary 
arterial aortic-right coronary bypass graft and left coronary arte- 
rial angiography. The electrocardiographic record is unaltered 
during right coronary arteriography (this vessel was completely 
occluded). In contrast, right Coronary arterial graft injection is 


associated with a rightward QRS axis shift and marked ST-T 
changes. 


complex and T wave changes. Three patients who 
manifested rightward frontal plane QRS deviation 
during left anterior descending arterial graft injec- 
tion had angiographically demonstrable collateral 
circulations between their distal left anterior de- 
scending and right coronary arteries (Table I). 

Comparison with electrocardiographic changes 
during bypassed coronary arterial angiography: 
The right coronary artery was selectively opacified 
in 10 patients with right aortocoronary grafts. Nine 
patients had 100 percent obstruction of the proximal 
right coronary artery. The electrocardiograms in 8 of 
these 9 patients were not significantly altered during 
right coronary arteriography (Fig. 5). A single pa- 
tient with segmental occlusion of the distal 1/3 of 
the right coronary artery had leftward (18°) QRS 
axis, and rightward (80°) T wave axis shifts during 
right coronary angiography. 

Left coronary cineangiography was performed in 5 
patients with patent left anterior descending grafts 


P — 
(Fig. 6). In 4 instances the QRS eapifats or T 
waves shifted in a direction opposite to that.recorded 
during left anterior descending arterial graft angio- 
graphy (Table I). In 2 subjects the QRS’ axis shifts 
occurred in opposite directions, but the T wave axis 
deviations were similar -after left coronary arterial 
and left anterior descending arterial graft angiogra- 
phy (Fig. 7). 


Discussion 


Arrhythmias: The disturbances of heart rate, 
rhythm and conduction described here parallel those 
previously noted during coronary arteriography.}~? 
Such arrhythmias have also been noted during inter- 
nal mammary arterial implant angiography and may 
signify that in some cases the implants are contrib- 
uting to myocardial blood flow. +2 

QRS axis shifts: Previous investigations have 
demonstrated rightward and leftward frontal plane 
QRS axis shifts during right and left coronary arte- 

riography, respectively.4:5:*9 These angiographically 
induced axis changes have been attributed to distur- 
bances of intraventricular conduction based on vari- 
ous degrees of either left anterior and posterior hemi- 
blocks or “‘peripheral”’ block.*:? The mean right axis 
deviation of 32.7° induced by patent right coronary 
arterial graft injection in our study compares with 
average rightward shifts of 23° 8 and 28° °? previously 
noted during right coronary arteriography. 

Of interest was the prevalence of rightward frontal 
plane QRS axis shifts during left anterior descending 
arterial graft opacification without any intermediate 
leftward deviation. Diphasic axis shifts have been 
observed during coronary arteriography in patients 
with coronary artery disease and extensive collateral 
vessels between the 2 major coronary circulations. +4» 
5.8 Mechanisms that might account for an isolated 
right axis shift during left anterior descending coro- 
nary arterial graft injection include (1) bypass of 
perforating arterial branches which supply the left 
anterior fascicle,® (2) fibrosis of the left ventricular 
myocardium supplied by the distal left anterior des- 
cending coronary artery, and (3) extensive left-right 
coronary collateral vessels.5 Further angiographic 
and pathologic studies in larger series of patients is 
needed before any definite conclusion can be made 
regarding the origin of this rightward QRS axis shift. 

Abnormalities of repolarization: Alterations of 
S-T segments and T waves described here are in ac- 
cord with those previously noted during coronary 
arteriography.?-4:°»? Similar repolarization changes 
have been recorded during opacification of internal 
mammary arterial implants.!% Leftward T wave axjs 
shifts noted in 3 subjects during left anterior de- 
scending coronary arterial graft injection may be re- 
lated to major perfusion of the inferior myocardium 
by way of collateral vessels. 

A method for assessing graft patency: It has 
been established that total absence of electrocardio- 
graphic changes during selective coronary arteri- 
ography signifies inadequate opacification or total. 
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Case 16. Simultaneous recordings of leads |, II and III of the electrocardiogram of a 54 year old man during aortic-left 


anterior descending coronary arterial (LAD) graft, right coronary arterial graft, left coronary arterial (LCA) and right coronary arterial 
(RCA) angiography. Left anterior descending arterial graft and left coronary arterial injections both effect a rightward T wave axis shift. 
Right coronary arterial graft angiography induces rightward QRS and leftward T wave axis shifts. Injection of the occluded right coro- 


nary artery does not result in any electrocardiographic changes. 


occlusion of the vessel under study.*:* Angiographic- 
electrocardiographic correlation has also been em- 
ployed for assessing the physiologic efficacy of inter- 
nal mammary arterial implants.!3 The electrocardio- 
graphic alterations described here, occurring as a 
consequence of patent graft opacification, suggest 
that functioning myocardium is being perfused with 
bypass blood. 


Absence of major electrocardiographic change dur- 
ing injection of the occluded and bypassed coronary 
artery provides further evidence for the physiologic 
efficacy of the patent bypass graft. Alternatively, 
minimal or no electrocardiographic alteration during 
opacification of stenosed or occluded bypass grafts 
implies that angiographic-electrocardiographic corre- 
lation may aid in the evaluation of graft patency. 
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FIGURE 7. 


Case 1. Leads |, || and II! of the electrocardiogram obtained during left coronary (LCA) and aortic-left anterior descend- 


ing (LAD) arterial graft angiography. The QRS axis shifts leftward during left coronary arterial injection and rightward during left anteri- 
_-or descending arterial graft injection. The T wave axis shifts to the left after both injections. ° 
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In conclusion, radiologic opacification of the 
aortocoronary bypass graft does not necessarily prove 
that functioning myocardium is being supplied with 
graft blood. However, electrocardiographic change 
occurring as a consequence of such bypass graft an- 
giography provides evidence that active myocardium 
is being perfused by the contrast medium. 
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Adaptation to high altitude hypoxia reduces the mortality rate in rats 
with a ligated coronary artery by 5 or 6 times and the size of isch- 
emic necrosis by 35 percent. This adaptation also minimizes the dis- 
turbances of the heart’s contractile function in ischemic myocardial 
necrosis. The deficit in the contractile force during maximal load on 
the heart is 4.4 times smaller in rats adapted to hypoxia than in rats 
not so adapted. The primary factor contributing to the preventive ef- 
fect of adaptation to high altitude hypoxia in ischemic necrosis is an 
increased capacity of the oxygen transport and utilization (mitochon- 
drial) systems in the heart muscle of the adapted animals. 


It is well known that adaptation to high altitude hypoxia is accom- 
panied by a number of adaptative changes in the heart, among 
them: (1) increase in the number of coronary vessels! and their per- 
fusion capacity?; (2) higher concentration of myoglobin’; (3) in- 
creased energy-generating capability of the mitochondrial system per 
unit of mass of the myocardium?>5; (4) increased functional potential 
of sympathetic regulation of the heart®; and (5) hypertrophy, pri- 
marily of the right ventricle.” These changes signify a gain in the ef- 
ficiency of the oxygen transport and oxidative resynthesis of the 
adenosine triphosphate (ATP) system in the heart muscle. In con- 
trast, myocardial infarction manifests itself through ATP deficit. 
Similarly, in the case of sympathetic overdischarge, catecholamine- 
induced uncoupling of oxidation and phosphorylation has been ob- 
served.’ In the case of prolonged mechanical overload the rate of 
ATP synthesis also diminishes, thereby leading to relative diminu- 
tion in contractile function of the myocardium.’ 

In view of these facts, it was postulated that prior adaptation to 
high altitude hypoxia might prove an effective means of prevention 
of myocardial necrosis. It was shown that this adaptation prevented 
mortality, reduced the size of necrotic areas and alleviated the dis- 
turbances in the contractile function due to sympathomimetic necro- 
ses of the heart muscle.?°:11 The present paper is concerned with the 
effect of adaptation to high altitude hypoxia resulting from intrinsic 
adaptive mechanisms in mitochondrial function on ischemic myocar- 
dial necrosis in the occlusion of a main coronary artery. 


Methods 


Experiments were performed in nonpedigreed rats of both sexes, weighing 
250 to 290 g. Adaptation to high altitude hypoxia was achieved by placing 
rats 5 times a week for 5 hours at a time in a pressure chamber. The total 
experimental period was 40 days. Both in the pressure chamber and in the 
vivarium the temperature was maintained at 38 C. During the first week of 
hypoxia the animals were gradually exposed to progressively higher alti- 
tudes (from 1,000 to 6,000 meters). During the remaining period the ani- 
mals were kept at an altitude of 6,000 meters. 

Ischemic myocardial necrosis was induced in rats adapted to hypoxia and 
in those not so adapted by ligation of the left coronary artery 2 or 3 mm 
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above the borderline of the atrium and left ventricle.'? 
The rats that survived the ligation had extensive necrosis 
that could easily be observed and measured with a binoc- 
ular magnifying glass 1 or 2 days later. Ligation of the 
coronary arteries was carried out under ether anesthesia 
and without artificial respiration. The operative procedure 
lasted from 30 to 40 seconds. 

The size of the necrotic area was macroscopically evalu- 
ated in rats adapted to and not adapted to hypoxia 2 days 
after the operation. For this purpose the heart was bisect- 
ed between the right and left ventricles and spread be- 
tween a slide and a cover glass. Then the necrotic area, 
which in most cases was visible as a sharply delineated 
whitish spot, was determined with a binocular magnifying 
glass and an ocular grid. This area, which represents the 
section of ischemic necrosis that can be observed under 
the epicardium, was expressed in millimeters? and related 
to the weight of the heart. 

The contractile function of the left ventricle resulting 
from ischemic necrosis was investigated as follows: Left 
ventricular pressure was used as the initial variable. In 1 
group measurements were made before and 30 minutes 
after coronary arterial ligation; in the second group, the 
animals were followed up during exposure to chronic hyp- 
oxia as described. After 1 day, intraventricular pressure 
was measured with an electric pressure gauge through a 
polyethylene catheter introduced into the cavity of the 
left ventricle. Intraventricular pressure measurements 
were recorded under conditions of a relatively steady state 
as well as during 10 seconds of clamping of the ascending 
aorta. In this case the pressure reading represents the 
“maximal force of contraction,” which can develop in the 
aortic ventricle under isometric conditions. 

Calculations included: (1) maximal systolic pressure in 
the ventricle; (2) ratio of the maximal systolic pressure to 
the weight of the left ventricle (MSP/WLV) (millimeters 


TABLE II 


HIGH ALTITUDE HYPOXIA—MEERSONSET AL. 








TABLE | x 4 


Mortality and Size of Ischemic Necrotic Area in Rat Heart 


After Coronary Occlusion 





Nonadapted Adapted 
Group Group 

Number of animals after 

successful operation 21 12 
Number of animals 2 

days after operation 10 11 
Mortality rate (%) 52 8.4 
Relative size of necrotic 

area (mm?/g heart 

weight) 244 164 





of mercury per 100 mg of tissue); (3) maximal systolic 
pressure during aortic clamping, “maximal force of con- 
traction’’; and (4) ratio of the maximal systolic isovolumic 
pressure to the weight of the ventricle (MSIP/WLYV) (mil- 
limeters of mercury per 100 mg of tissue). 


Results 


Results of the effect of preliminary adaptation to 
high altitude hypoxia on the mortality rate of the 
animals during the first 2 days after ligation of the 
left coronary artery as well as on the size of ischemic 
necrosis are summarized in Table I. Of the 21 rats 
not adapted to high altitude hypoxia, only 10 sur- 
vived after 2 days (mortality rate 52 percent); in 
contrast, 11 of the 12 rats adapted to hypoxia were 
alive after 48 hours (mortality rate 8.4 percent). 


Effect of Preliminary Adaptation to High Altitude Hypoxia on the Rat Left Ventricular Contractile 


Function in Ischemic Necrosis 








Nonadapted Group Adapted Group 
Acute Ischemic Acute Ischemic 
Indexes Control Ischemia Necrosis Control Ischemia Necrosis 
Ventricular weight (mg) 440 + 23 440 + 23 486 + 30 506 + 36 506 + 36 536 + 35 
Systolic pressure in 
‘physiologic rest” (mm Hg) Jed S 54+ 2 51+ 8 106 + 9 83 + 21 97+ 8 
— 25* — 29* — 20* — 9* 
MSP/WLV 
si a 12.2 11.5 21.0 16.4 18.1 
— 29* — 33* — 22* — 14* 
Systolic pressure in aorta 
clamping (mm Hg) 194 + 13 149 + 29 110 + 7 219 + 8.6 186 + 22 195 + 15 
— 23* — 44* — 15* — 11* 
MSIP/WLV 
42.9 34.0 24.6 43.3 37.0 36.4 
— 20* — 43* — 14* — 16* 
Heart rate (in physiologic rest) 
(beats/min) 290 + 18 259 + 15 246 + 21 292 + 25 256 + 18 290 + 28 
Number of experiments 9 9 10 12 12 9 





* Deficit of function (%). MSIP/WLV = ratio of maximal systolic isovolumic pressure to weight of left ventricle (mm Hg/100 mg 
tissue); MSP/WLV = ratio of maximal systolic pressure to weight of left ventricle (mm Hg/100 mg tissue). 
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FIGURE 1. Curves of pressure in the aortic ventricle plotted 


for 24 hours after ligation of the left coronary artery in rats with- 
out (1) and with (2) adaptation to hypoxia. The thick lines rep- 
resent the pressure curves of the control rats, the thin lines rep- 
resent the pressure curves of rats with ischemic necrosis. Pres- 
sure readings taken under conditions of relative physiologic rest 
are shown at the left; those taken with the aorta clamped for a 
short period of time under isometric conditions of the heart are 
shown at the right. The shaded areas represent the size of the 
contractile function defect caused by ischemic necrosis of the 
myocardium. 


The average size of ischemic necrotic areas was 
also much smaller in the adapted group. Therefore, 
adaptation to high altitude hypoxia before coronary 
arterial ligation considerably reduced the rate of 
mortality as well as the size of the necrotic area after 
extensive ischemic myocardial necrosis. 

Data on the effect of adaptation to high altitude 


hypoxia on the disturbances of the contractile func- 


tion due to ischemic myocardial necrosis are present- 


` ed in Table II. Thirty minutes after ligation of the 


coronary artery, the force of contraction of the left 
ventricle (under control conditions and after clamp- 
ing of the aorta), as measured by ventricular systolic 
pressure, decreased more significantly in the control 
than in the adapted group. However, the differences 
between the 2 groups were small. 

After 1 day, there was considerable difference in 
mortality between the 2 groups. As may be seen 
from Table II, 1 day after coronary arterial occlusion 
the nonadapted animal had ischemic necrosis with a 
29 percent reduction in the maximal systolic left 
ventricular pressure and a 33 percent drop in the 
ratio MSP/WLYV. These differences are statistically 
significant (P <0.05 and <0.01, respectively). For 
the adapted animals the change in left ventricular 
pressure was only 9 percent and the drop in the ratio 
MSIP/WLYV only 13 percent. These figures illustrate 


_ that the heart of the animal adapted to high altitude 


hypoxia is better able to cope with increased physio- 
logic loads, such as clamping of the aorta. Under iso- 
metric conditions (increased afterload) the differ- 
ences between the 2 groups were even more marked. 
The maximal systolic pressure in the left ventricle of 
the nonadapted rats was 44 percent less than in the 
control group (P <0.01), whereas the corresponding 
figure for the adapted group was only 11 percent (P 
<0.1). The ratio MSIP/WLV dropped respectively 
by 42.7 and 15 percent. These findings indicate that 
during a maximal load on the heart, left ventricular 
function in the adapted group is superior to that in 
the nonadapted group. Thus, the contractile func- 
tion of the left ventricle as a whole and as related to 
unit mass of the myocardium increases after prelimi- 
nary adaptation to high altitude hypoxia, and ap- 
pears to prevent the disturbances resulting from 
ischemic necrosis of the heart. 

The results described are illustrated by the intra- 
ventricular pressure curves (Fig. 1). The heavy lines 
represent the left ventricle pressure in control ani- 
mals and the thin lines represent pressure curves of 
animals with ischemic necrosis of the myocardium. 
The shape of the curves suggests that the cardiac 
cycle of animals adapted to high altitude hypoxia 
differs from that of the nonadapted rats: The former 
is characterized by faster rate of contraction and re- 
laxation as well as by greater systolic pressure. These 
differences are present both when cardiac load is 
normal and when the aorta is clamped. After isch- 
emic necrosis develops, the defect in contractile 
function, represented by the shaded areas, is far less 


pronounced in the adapted animals than in the non- 


adapted group. 


Discussion 

It could be shown on analysis of the effect of prior 
adaptation to hypoxia in animals with subsequent 
experimental ischemic necrosis of the myocardium 
that intermittent adaptation greatly reduces the 
mortality rate and alleviates the defect in contractile 
function; it also reduces the necrotic area under the 
epicardium, but to a lesser degree. Apparently 2 fac- 
tors are at work that may have been instrumental in 
offsetting the consequences of coronary arterial liga- 
tion: First, an increase in the capacity of the coro- 
nary bed, a known feature of high altitude hypoxia 
adaptation; this can be expected to speed opening of 
collateral vessels and to reduce the area of necrotic 
zones. Second, marked adaptive changes in the in- 
tact sections of the myocardium; in particular, de- 
velopment of the mitochondrial system, higher con- 
centration of myoglobin and increased adenosine tri- 
phosphatase activity may result in improved com- 
pensatory hyperfunction.*° 

Factors in preservation of contractile function 
by adaptation to high altitude hypoxia: In 
ischemic necrosis the contractile function of the 
heart is better preserved in the adapted than in 
the nonadapted group. Since adaptation to high alti- 
tude hypoxia reduced the size of the necrotic area 
only slightly while at the same time greatly minimiz- 
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ing the functional deficiency and the mortality rate, 
one is led to believe that, in our experimental situa- 
tion, the preservation of contractile function is the 
most important factor. Adaptation to high altitude 
hypoxia is accompanied by a number of changes in 
the organism that could considerably increase the re- 
sistance to myocardial infarction. Among these 


changes are the following: (1) Adaptation to high al-. 


titude hypoxia is accompanied by a gradually pro- 
gressive activation of nucleic acids and protein syn- 
thesis in the neurons and glia of the brain, particu- 
larly noticeable in the cortex.14 This process in- 
creases vascularization of the brain!® and augments 
the energy-generating capability of the mitochondria 
per unit of mass of brain tissue.!4:1© As a result, the 
brain acquires a capacity to utilize the amount of 
oxygen needed for ATP resynthesis. The increased 
capacity of the energy supply system in the brain 
definitely affects its specific functions; when oxygen 
content is normal, conditioned reflexes develop faster 
and there is greater resistance to excess stress in the 
adapted animals.17-19 (2) Adaptation to high alti- 
tude hypoxia results in a marked reduction of the 
adipose tissue?°-2! and a simultaneous decrease in 
mitochondrial response to sympathetic mediators.?? 
These changes may result in a weakening of the 
“oxygen-wasting’ effect of noradrenaline, which 
plays an important role in the production of necroses 





and ATP deficits in the mygcardyum 
stress situations. (3) As a resu of ad 
high altitude hypoxia, particularly in 
with training to withstand physical of$erload, the 
tissues acquire an increased capacity to’extract oxy- 
gen from each unit of blood; this may result from an 
increased capacity of the mitochondrial system.?3-24 
Hence, the required transport of oxygen to the 
tissues is provided at a lower level of cardiac output 
with a more economical circulatory function. These 
alterations contribute to the functional cardiac re- 
serve and minimize the chances of an ATP deficit in 
the myocardium due to rapidly mounting overloads. 
(4) These adaptive changes developing in the heart 
during high altitude hypoxia increase the capacity 
for oxidative ATP resynthesis in the myocardium 
and accordingly play an important role in minimiz- 
ing the threat of necrosis of the heart muscle. 

Thus, adaptation to high altitude hypoxia results 
in changes both in the higher regulatory mechanisms 
in the brain and at the level of neuroendocrine regu- 
lation of the heart muscle. These changes may mini- 
mize the danger of myocardial necrosis. It is difficult 
to apply these adaptive mechanisms to the possible 
prevention of myocardial infarction in patients. In 
man, many factors play a role in the mechanisms of 
coronary occlusion, which may greatly differ from 
those in the experimental animal.25:26 
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Thirty-five mongrel dogs were placed on total cardiopulmonary by- 
pass, and surface electrograms were recorded from the right atrium, 
bundle of His and both bundle branches. The effects of sympathetic 
cardiac nerve stimulation and beta adrenergic blocking agents on 
conduction velocity in the atrioventricular (A-V) node and major 
bundle branches were evaluated. Although right and left stellate gan- 
glion stimulation decreased A-V nodal conduction time (26 and 31 
percent, respectively), neither procedure had any effect on conduc- 
tion time in either the right or left bundle branches. Beta adrenergic 
blockade was then produced using either L-propranolol (0.5 to 1 
mg/kg) or practolol (2 to 4 mg /kg). Blockade of existing sympathet- 
ic tone consistently produced increases in A-V nodal conduction 
time but had no effect on conduction times in the bundle branches. 
Additional doses of both beta adrenergic blocking agents were given 
after beta receptor blockade to assess any direct effects on conduc- 
tion. Additional doses of practolol (1 to 2 mg/kg per dose) had no 
further effect on A-V nodal conduction time. Additional doses of L- 
propranolol, on the other hand, progressively increased A-V nodal 
conduction time as far as it could be studied before complete heart 
block occurred (for example, +34 percent at a dose of 0.75 mg /kg 
after beta blockade). In contrast, even at the highest doses of 
propranolol there were no significant increases in bundle branch 
conduction times. The data support the following conclusions: (1) 
Propranolol exhibits direct effects on A-V nodal conduction, but 
practolol does not; (2) the main bundle branches are not responsive 
to either beta receptor stimulation or blockade; (3) although propran- 
olol directly depresses the A-V node, these effects are much less 
prominent in the bundle branches. The latter 2 conclusions suggest 
that the main bundle branches may present some anatomic barrier 
to propranolol, possess overlapping alternate pathways that conceal 
the depressant effects of the drug, or possess no beta adrenergic 
receptors. 


It is well known that myocardial beta adrenergic receptors mediate 
chronotropic, inotropic and dromotropic changes in cardiac function. 
Cardiac sympathetic nerve stimulation produces striking increases in 
sinus rate, atrioventricular (A-V) nodal conduction, atrial and ven- 
tricular contractility and cardiac synchrony.! Conversely, blockade 
of beta adrenergic receptors produces effects exactly opposite to 
those of neural stimulation.? In spite of the intense interest in the 
cardiac beta receptor in the last decade, there has been no direct in- 
formation available on the influence of beta receptor stimulation and 
blockade on conduction in the major bundle branches. Earlier work 
has been somewhat indirect in its approach. Accordingly, the pres- 
ent study was undertaken to achieve the following objectives: (1) si- 
multaneous determination of the influence of the cardiac sympathet- 
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ic nervés on ebectrical conduction in the A-V node 
and right and left bundle branches; (2) assessment of 
the relative influence of beta adrenergic blocking 
agents on Rundle branch versus A-V nodal conduc- 
tion; and (3) comparison of the effects of L-propran- 
olol, which possesses quinidine-like activity,4-> and 
practolol (AY-21,011), which does not,® on conduc- 
tion velocity in the A-V node and major bundle 
branches. 


Methods 


The experiments were performed on 35 mongrel dogs of 
both sexes. The animals were anesthetized with sodium 
pentobarbital (32 mg/kg intravenously) and placed on 
total cardiopulmonary bypass. The external jugular and 
femoral veins were cannulated bilaterally and, after liga- 
tion of both venae cavae, total systemic venous return was 
diverted through these cannulas into a Kay-Cross disc 
oxygenator. The venous blood was oxygenated in an atmo- 
sphere of 100 percent oxygen, filtered, debubbled and 
pumped to the animal at a constant rate by means of a 
cannulated femoral artery. The flow rates were constant 
during any given experiment and ranged between 75 and 
100 cc/min per kg body weight. These flow rates were 
usually sufficient to maintain blood pressure between 60 
and 110 mm Hg and arterial pH at 7.4 + 0.15. Cannulas 
in each ventricle returned coronary and bronchial blood to 
the oxygenator under air-relieved negative pressure. 

Electrodes and recording sites: After the preparation 
had stabilized on bypass, the surface recording electrodes 
were attached. The electrodes were molded of dental 
acrylic and were approximately 1 cm wide and 1.25 cm 
long. No. 30 gauge Teflon” -insulated silver wires were em- 
bedded in the body of the electrode so that the bare tips 
of the wires were flush with the recording surface. Six 
wires were embedded in each electrode in this manner, 
and their recording tips were 2 to 3.5 mm apart. Four su- 
ture holes were drilled along the edges of the electrode so 
that no suture hole was closer than 2 mm to any pickup 
point. The electrode is described in more detail elsewhere.? 

The right atrium was opened widely, and an electrode 
was attached over the region of the A-V node and bundle 
of His parallel to the atrial border of the septal leaflet of 
the tricuspid valve. Care was taken to avoid interference 
with the blood supply to the nodal region. Any prepara- 
tion that exhibited A-V nodal block was eliminated from 
the study. After attachment of the electrode, the atriot- 
omy was closed with a running suture. 

A right ventriculotomy was performed with an incision 
in the anterior free wall, parallel to the interventricular 
septum. The right bundle branch could be visualized as a 
pale white band coursing from the tricuspid ring, along 
the moderator band, and ending in the free-running Pur- 
kinje fibers at the base of the right anterior papillary mus- 
cle. Another electrode was attached over the bundle 
branch about mid-way in its course so as to record only 
bundle branch activity and depolarization of the subja- 
cent septal muscle. The incision was also closed with a 
running suture. 

A third electrode was attached over the region of the 
left bundle branch fibers just below the septal leaflet of 
the mitral valve on the left interventricular septum. The 
structure was approached by way of a left ventriculotomy 
in the inflow tract with the incision made perpendicular 
to the plane of the A-V junction. This incision, like the 
others, was closed with a running suture after attachment 

_of the electrode. 


Conduction system electrograms: Of the 6 pickup 
points available on the electrode,’ the 2 that gave the best 
(that is, sharp, high-amplitude complexes) bipolar record- 
ings were chosen. These electrograms were preamplified by 
Tektronix type 122 preamplifiers and filtered so that the 
high and low cutoff frequencies were 1,000 and 80 Hz, re- 
spectively. The resultant signals were then applied to the 
amplifiers of a Tektronix 565 oscilloscope which also 
served as a display for the tracings. Permanent records 
were obtained by photographing the oscilloscopic screen 
with a Polaroid camera. Since the intervals between acti- 
vation of the various areas of the conduction system vary 
considerably with heart rate, all experiments were per- 
formed with the heart paced at a constant rate just above 
the maximal rate set by the sinus node. Representative 
tracings obtained in this manner are shown in Figure 1. 
The His bundle potential was typically a high-frequency 
transient which took place between the depolarizations of 
atrial and upper ventricular septal muscle. Bundle branch 
potentials were acceptable if they closely followed the His 
spike, were composed of high-frequency components (100 
to 1,000 Hz) and clearly preceded (>20 msec) depolariza- 
tion of subjacent Purkinje or muscle fibers. The only rea- 
sonable source for such potentials would be the major 
bundle branches. 

Beta adrenergic receptor stimulation and blockade: 
After bilateral cervical vagotomy, activation of beta ad- 
renergic receptors was produced by stimulating either the 
right or left stellate ganglion through a bipolar electrode 
with square-wave pulses at a frequency of 10 Hz, a duration 
of 5 msec and an intensity of 5 v. Subsequently, beta re- 
ceptor blockade was induced with either L-propranolol or 
practolol (AY-21, 011). Blockade was considered adequate 
if A-V nodal conduction time decreased less than 5 per- 
cent in response to either cardiac nerve stimulation or ad- 
ministration of 0.5 wg/kg of isoproterenol, intravenously. 
After beta adrenergic blockade had been achieved, the di- 
rect effects of the blocking agents on conduction were ex- 
amined. Conduction times through the A-V node and 
major bundle branches were observed after administration 
of multiple doses of L-propranolol (0.25 mg/kg per dose) 
or practolol (1 to 2 mg/kg per dose). All drugs were ad- 
ministered by direct injection into the venous side of the 
oxygenator so that considerable mixing would occur with- 
in the oxygenator blood volume. Sufficient time was al- 
lowed between drug injections for a post-injection steady 
state to become established. When all recorded time in- 
tervals had been stable (+0.5 msec) for 5 minutes, the 
next injection was made. Time between injections ranged 
from 10 to 20 minutes. Any changes in A-V nodal and 
bundle branch conduction were then plotted as a function 
of the cumulative dose of the agent after beta blockade. 
The number of doses of each agent varied considerably 
depending primarily upon the animal’s condition and the 
degree of A-V nodal block produced. 

All data presented are from single cardiac cycles in 
which the intervals of interest were observed to be stable 
(+0.5 msec) for at least 1 minute before or after any given 
experimental drug administration. After nerve stimulation 
or administration of isoproterenol, a cycle was measured 
that was representative of at least 10 cardiac cycles at the 
peak of the response. 


Results 


Beta Adrenergic Stimulation 


Vagotomy: Typical recordings from the special- 
ized conduction system before (A) and after (B) bi-’ 
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lateral vagotomy are shown in Figure ‘1. In each 
panel, the records on the left were taken at a slow 
sweep rate, and those on the right were taken at a 
faster sweep rate to facilitate measurement of con- 
duction times in the bundle branches. The His bun- 
dle recording shows both atrial septal (a) and His 
bundle (h) potentials. Note the small or absent atrial 
artifact in the bundle branch recordings and the 
manner in which the bundle potentials (rb and 1b) 
follow the His depolarization with only a very short 
delay. Activity in the bundle branches is clearly sep- 
arated in time from depolarization of the subjacent 
ventricular muscle. In each panel the tracings ob- 
tained at a slow speed have been aligned so that the 
atrial depolarizations are simultaneous. The a-h in- 
terval, which is closely related to A-V nodal conduc- 
tion time, is denoted by the dotted lines. In contrast, 
the recordings obtained at a fast speed are aligned so 
that the h deflections are simultaneous. The control 
h-rb interval is marked by the dotted and solid lines 
and the control h-lb interval by the dotted and 
dashed lines. In this manner, one can easily compare 
the effects of vagotomy on intervals recorded at slow 
and fast rates of speed. Removal of tonic vagal influ- 
ence causes only a 9 percent reduction in the a-h in- 
terval, as shown in the values to the right of each 
panel (68 to 62 msec). This response was typical of 
all 35 animals studied and indicates the expected 
low level of tonic vagal activity in this preparation. 
Before vagotomy, the h-rb and h-lb intervals mea- 
sured 18 and 19 msec, respectively. Removal of vagal 
activity had absolutely no effect on these values, as 
shown by the absolute coincidence of interval lines in 
both high speed tracings. Again, the response to va- 
gotomy was typical of that observed in all 35 ani- 
mals; that is, no change in His to bundle branch 
conduction times was ever observed. 

Stellate ganglion stimulation: Typical re- 
sponses to stimulation of the stellate ganglia are 
shown in Figure 2. The control recordings and the 
responses to right stellate stimulation are shown in 
the upper and lower sections of panel A, respectively, 
and the responses to left stellate stimulation (LSS) 
in panel B. Before right stellate stimulation, the a-h 
interval measures 44 msec, the h-rb 14 msec and the 
h-lb 8 msec. In response to right stellate stimulation, 
the a-h interval has decreased 27 percent to 32 msec 
and the h-rb and h-lb intervals remain unchanged 
at 14 and 8 msec, respectively. A similar response is 
seen to left stellate stimulation. The a-h interval is 
decreased to 18 msec from a control value of 40 
msec—a decrease of 55 percent in A-V nodal con- 
duction time. However, the h-rb and h-lb intervals 
are unaffected by left stellate stimulation, remaining 
at their control values of 13 and 8 msec, respectively. 
These recordings typify the responses to stellate 
stimulation in all the experiments (Table I). Right 
stellate stimulation decreased A-V nodal conduction 
time an average of 26 percent, and left stellate stim- 
ulation caused an average decrease of 31 percent. 
.The differences between the averages for the control 
and stimulation a-h intervals are significant (P 
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$ 20 MS è 
FIGURE 1. Representative tracings of potentials recorded be- 
fore (A) and immediately after (B) bilateral cervical vagotomy. 
The vertical brackets denote a calibration of 1 mv; the horizon- 
tal brackets show time-base calibrations. The numbers next to 
each right panel’indicate the measured time intervals in millisec- 
onds. a = depolarization of atrial muscle; a-h = time interval 
from atrial to His bundle depolarization; h = His bundle depo- 
larization; HB; = His bundle recording at a slow sweep rate 
(used to trigger the sweep of the lower 3 channels); HB2 = the 
same His recording as HB4, but at a 5-fold greater sweep rate; 
h-Ib = time interval from His to left bundle branch depolariza- 
tion; h-rb = time interval from His bundle to right bundle 
branch depolarization; |b = depolarization of left bundle branch; 
LBB = recording from left bundle branch electrode; rb=depo- 
larization of right bundle branch; RBB = recording from right 
bundle branch electrode. See text for additional description. 
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Recordings illustrating typical responses to right 
and left stellate ganglion stimulation. A shows control tracing 
(top) and tracings taken within 5 seconds of cessation of righ 
stellate ganglion stimulation (bottom). Similar tracings before an 
after stimulation of the left stellate ganglion are shown in B. Th 
vertical and horizontal brackets indicate millivolt and time-bas 
(millisecond) calibrations, respectively. Designations of the var 
ous recorded potentials are identical to those of Figure 1. CO 
= control recordings; LSS = recordings taken immediately aft 
stimulation of the left stellate ganglion; RSS = recordings tak 
immediately after stimulation of the right stellate ganglion. 
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Average Responses to Stellate Stimulation 
(time intervals in milliseconds -+ SEM) 


Observations / 
Animals (no.) Control Experimental HA 
a-h 
Right 28/20 93 + 2 39 + 2 —26 + 2 
Left 17/13 52 + 2 36 + 3 —31+4 
h-rb 
Right 26/20 15+ 1 15+ 1 0 
Left 15/12 14+ 1 l4 + 1 0 
h-Ib 
Right 21/16 15+ 1 15 + 1 0 
Left 13/11 


Beta Receptor Blockade 


After the data on the effects of stellate stimulation 
ad been obtained, beta receptor blockade was es- 
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ty. Note, however, that the h-rb and h-lb intervals show 
no detectable changes. The right stellate ganglion was 
then stimulated (RSS), and the tracings shown in panel C 
illustrate the response to stimulation. There was a slight 
decrease in the a-h interval (<5 percent) indicating es- 
sentially complete beta adrenergic blockade. In addition, 
the response to administration of 0.5 yg/kg of isoprotere- 
nol was abolished (not shown). As expected, there are no 
changes in conduction times in the bundle branches. A 
total of 1.0 mg/kg of L-propranolol was then administered 
in 4 successive doses. Panel D shows the recordings taken 
after stabilization following the last of these doses. The 
a-h interval has increased from 63 to 85 msec (37 per- 
cent), suggesting an action of the drug on the A-V node 
distinct from beta receptor blockade. At the same time, 
the h-rb and h-lb intervals have increased only 1 msec 
each, or about 5 percent. This apparent differential action 
on the A-V node as opposed to the bundle branches was 
quite consistent in all the animals studied (Fig. 4). 

Figure 4 summarizes these effects of L-propranolol in 5 
animals after beta adrenergic blockade with practolol. It 
is clear that each successive dose causes a further increase 
in the a-h interval, reaching a cumulative change of 34 
percent at a cumulative dose of 0.75 mg/kg. In sharp con- 
trast, there are no detectable changes in bundle branch 
conduction times until the cumulative dose is 0.50 mg/kg 
(h-rb, 3 percent). At a cumulative dose of 0.75 mg/kg, 
there is only a 3 percent prolongation of the h-rb interval 
and the h-lb interval remains essentially unchanged. 


Discussion 


The finding that neither beta receptor stimulation 
nor blockade is able to affect bundle branch conduc- 
tion time is somewhat surprising in view of the pow- 
erful effects that cardiac sympathetic nerve stimula- 
tion has upon other cardiac functions. In an earlier 
report, Wallace and Sarnoff? showed that stellate 
ganglion stimulation produced insignificant changes 
in the interval between the His bundle depolariza- 
tion and the appearance of depolarization at the 
right Purkinje fiber papillary muscle junction. In our 
more direct observations, neither right nor left stel- 
late ganglion stimulation produced any change in ei- 
ther right or left bundle branch conduction time 
(Table I). Recent work® has shown that the right 
bundle branch of the pig heart is accompanied in its 
course by both cholinesterase-containing and cate- 
cholamine-containing nerve fibers. In view of the 
data presented here, regulation of conduction does 
not appear to be a function of this innervation. It is 
possible that the adrenergic nerves that accompany 
the major bundle branches serve some metabolic role 
or they may simply accompany the bundle branches 
without sending any functional connections to 
them. : 

In 1964, Randall and I! reported that cardiac sym- 
pathetic nerve stimulation reduces the time interval 
between the onsets of right and left ventricular sys- 
tole. This was accomplished primarily by a greater 
decrease in the interval between the R wave and 
right ventricular contraction than in the correspond- 
ing interval for the left ventricle. At that time, we 
suggested that a denser distribution of sympathetic 
‘nerve elements to the right bundle branch might ac- 
count for the differential changes in ventricular exci- 


A-V NODAL AND BUNDLE BRANCH CONDUCTION—PRIOLA 


Cumulative % A 





0.0 0.25 0.50 0.75 
.-PPL,mg/kg 

Cumulative Dose After B-Block 
FIGURE 4. The effects of L-propranolol (L-PPL) on conduc- . 
tion through the A-V node and major bundle branches after 
blockade of the beta adrenergic receptors with practolol. Each 
point represents the average of 5 measurements, each from a 
different preparation. The half-bracket at each point represents 
standard error of the mean. The absence of a bracket indicates 
zero standard error. Each response curve is identified as to the 
interval which it represents according to the abbreviations used 
in Figure 1. 


tation-contraction intervals observed. The data pre- 
sented here, however, not only obviate any differen- 
tial effects on the major bundle branches but also 
eliminate the possibility of any participation of the 
sympathetic cardiac nerves in changing conduction 
velocity along either bundle branch. The previous 
observation that ventricular synchrony is increased 
during sympathetic nerve stimulation must be the 
result of other factors. 

Beta adrenergic receptor blockade and bundle 
branch conduction: On the basis of the evidence 
discussed, it is not surprising that blockade of beta 
adrenergic receptors is also ineffective in altering 
bundle branch conduction. Practolol, which has been 
shown to be a pure beta adrenergic blocking agent 
with few direct depressant actions,’ produces no de- 
tectable change in bundle branch conduction time 
either before (Fig. 3) or after establishment of beta 
receptor blockade. The negative dromotropic effect 
that this drug has on A-V nodal conduction (Fig. 3) 
is presumably the result of blockade of existing sym- 
pathetic discharge. Additional doses of practolol 
after beta blockade have no additional effects on 
A-V nodal conduction. These data confirm the find- 
ings of Papp and Vaughn Williams? and of Victor et 
al.1° Their reports established that practolol has nei- 
ther significant local anesthetic properties nor quini- 
dine-like actions similar to those of propranolol. Vic- 
tor et al.1° have shown that either D or D,L-propran- 
olol produces bradycardia at all dose levels used 
whereas practolol produces bradycardia only at the 
initial dose levels. Subsequent doses of practolol up 
to 7.6 mg/kg produce no further changes in heart, 
rate. Our data confirm these differences in the ac- ` 
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tions of practohl and propranolol in terms of A-V 
nodal conduction. Barrett and Carter! have re- 
ported that,practolol has direct positive chronotropic 
actions in reserpinized rats. Although this sympatho- 
mimetic action may have contributed to the lack of 
A-V nodal depression produced by practolol, no pos- 
itive dromotropic actions could be consistently de- 
tected in our preparation. It may be necessary for 
supersensitivity to develop (reserpinization, sympa- 
thectomy) before the sympathomimetic actions of 
practolol can be demonstrated. 
© In view of the local anesthetic and quinidine-like 
actions of propranolol, it was surprising to find that 
this drug did not depress conduction in the major 
bundle branches. This was true although L-propran- 
olol continued to elicit a negative dromotropic ac- 
tion on A-V nodal conduction with each successive 
dose, even after beta adrenergic blockade had been 
established (Fig. 4). The levorotatory isomer of the 
drug was used in all these studies. Although this iso- 
mer still possesses membrane-stabilizing properties, 
it demonstrates essentially all the beta receptor 
blocking actions of the recemic mixture!” and should 
be an effective adrenergic blocking agent in doses 
that produce relatively minor direct depression. 
Explanation for lack of effect of receptor block- 
ade on bundle branch conduction: ‘The lack of ef- 
fectiveness of practolol, but more particularly 
propranolol, on bundle branch conduction time is 
difficult to explain. Vaughn Williams* has demon- 
strated the quinidine-like effects of propranolol on 
atrial conduction. Propranolol has also been shown 
to increase the effective refractory period of isolated 
rabbit atria as much as 40 percent!* and to decrease 


the maximal rate of depolarization (dV/dt) of phase 
0 in both Purkinje and ventricular muscle fibers.14 
This latter action of the drug should produce a de- 
crease in conduction velocity. The data shown in 
Figure 4 suggest the possibility that further increases 
in the cumulative dose of propranolol may have pro- 
duced significant negative dromotropic effects in the 
bundle branches. The dose-effect curves for the right 
and left bundles do show some positive slope after 
administration of 0.5 mg/kg of the drug. However, 
the doses at which these negative effects might occur 
would be far beyond the usual clinical dosage of this 
agent. 

The data presented here are not sufficient to pro- 
vide an explanation for the apparent resistance of 
the bundle branches to the effects of propranolol. At 
least 3 possibilities come to mind: (1) There may be 
some anatomic barrier that prevents the access of 
propranolol to cells within the major bundle branch- 
es. (2) There may be sufficient duplication and over- 
lap of conduction pathways within the major bun- 
dles such that the depressant effects of propranolol 
at the dose levels used are concealed; the recent 
work of Lazzara et al.15 supports this hypothesis. (3) 
The cells of the major bundle branches may not pos- 
sess beta adrenergic receptors. The precise explana- 
tion for the relative lack of sensitivity of the bundle 
branches to beta receptor stimulation and blockade 
and to drugs that normally suppress conduction is 
presently unavailable. 
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A comparative analysis of the post-drive recovery patterns of the 
sinus node following equal numbers of sinus captures from right atri- 
al and right ventricular drive was investigated in 15 dogs. Despite 
similar numbers of sinus captures, the post-drive recovery pattern 
was significantly different for atrial and ventricular drive. Sinus accel- 
eration after ventricular drive contrasted with suppression after atri- 
al drive and increased to a maximum by the third to fifth beat after 
drive. Differences in recovery patterns were less evident after extrin- 
sic cardiac denervation. Arterial and atrial pressure changes result- 
ing from differences in the atrioventricular contraction sequence 
during atrial and ventricular drive suggest a possible basis for these 
findings. 


The effects of electrical drive (pacing) on intrinsic cardiac pacemak- 
er function has been studied extensively during the past 85 years.1-1° 
Much information is available on the effects of atrial drive on sinus 
nodal pacemaker function and of ventricular drive on intrinsic ven- 
tricular pacemakers. However, the time course of recovery of the 
sinus node after retrograde capture from ventricular drive has re- 
ceived little attention. Furthermore, to our knowledge, a compara- 
tive analysis of the post-drive recovery patterns of the sinus node 
after equal numbers of sinus captures from atrial and ventricular 
drive has not been made. 

Recent studies have indicated that an increase in sinus rate occurs 
in response to ventricular drive in both dog!!:12 and man.!* This in- 
crease can be related to the significant decrease in arterial pressure 
and increase in right atrial pressure that occurs during ventricular 
drive.!? Since, by comparison, only relatively minor changes in pres- 
sure occur during atrial drive, it was speculated that the post-drive 
recovery patterns of the sinus node would differ for ventricular and 
atrial drive despite equal rates of drive and equal numbers of sinus 
captures. Specifically, less sinus nodal suppression was expected 
after ventricular drive. To test this hypothesis, the following experi- 
ments were performed. 


Methods 


Twenty-four mongrel dogs weighing 8 to 21 kg were anesthetized with 
alpha chloralose, 100 mg/kg body weight intravenously. The trachea was 
cannulated, and the animal mechanically ventilated with room air. The 
heart was exposed by means of a right lateral thoracotomy incision and 
pericardiotomy. By a technique previously described,!* bipolar plunge wire 
recording electrodes were inserted into the regions of the sinus node and 
Bachmann’s bundle and bipolar driving electrodes inserted into the tip of 
the right atrial appendage and mid-right ventricle. Drive was accomplished 
using 1 msec square-wave pulses, 1.5 times diastolic threshold, delivered to 
the driving electrodes by Tektronix waveform and pulse generators and Bi- 
olectric stimulus isolation units over a 5 minute period. Details of the driv- 


ing experiments are described later. 
~ . 
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FIGURE 1. The effect of atrial (upper panels) and ventricular (lower panels) drive on sinus rate and arterial and atrial pressures in a 


dog. AP = arterial pressure; BB = Bachmann's bundle; CL = 
atrial; RV = right ventricular; SN = 
ter column and elsewhere 100 mm/sec. See text. 


Atrial pressure was recorded by a Statham catheter tip 
manometer (SF1) inserted into the right atrium by way of 
an external jugular vein. A rigid polyethylene catheter 
was passed into the descending aorta from a femoral ar- 
tery, and pressure was recorded with use of a P23Db Sta- 
tham pressure transducer. All recordings were made on an 
Electronics for Medicine multichannel oscillographic re- 
corder at paper speeds of 10 to 100 mm/sec. 

Excision of the right and left stellate ganglia and upper 
thoracic sympathetic chain was performed in 11 dogs by 
means of a right and left lateral thoracotomy in the third 
intercostal space. The functional completeness of sympa- 
thectomy was confirmed by the absence of a change in 
heart rate (+3 beats/min) after bilateral common carotid 
arterial occlusion low in the neck.!° Bilateral cervical va- 
gotomy was performed in these animals by transection of 
the right and left vagosympathetic trunks. By this acute 
extrinsic denervation technique we attempted to separate 
sympathetic and parasympathetic outflow to the heart 
from the central nervous system. 

The effect of driving site, right atrial (RA) versus right 
ventricular (RV), was compared over a range of driving 
rates in 15 dogs with intact retrograde conduction. A rever- 
sal of the normal sinus node-Bachmann bundle relation 
during ventricular drive was presumptive evidence of sinus 
nodal capture, and this relation was continuously monitored 
. etring drive. Because the number of sinus nodal captures 


cycle length: HR = 
sinus node; STIM = stimulus. Time lines at 1 sec intervals. Paper speed is 10 mm/sec in the cen- 


heart rate. RAP = right atrial pressure; RA = right 


is equal to driving rate times duration of drive, atrial and 
ventricular drive could be compared for similar numbers 
of sinus captures when rate and duration of drive were con- 
stant. 


Sequential Drive 


In this group of 18 dogs we aimed (1) to control the ef- 
fect of possible stimulus-induced local neurotransmitter 
release related to driving site (right atrial versus right 
ventricular) and (2) to simulate the atrioventricular (A-V) 
contraction sequence and the hemodynamic changes in 
arterial and atrial pressures seen during right atrial and 
right ventricular drive. These experiments were designed 
so that the atrium and venticle were driven sequentially 
(right atrium plus right ventricle, and right ventricle plus 
right atrium) by means of separate electrodes, and driving 
sites, rate, duration of drive and stimulus characteristics 
were comparable. During right atrial plus right ventricu- 
lar drive, atrial stimulation preceded ventricular stimula- 
tion by 108.3 + 8.0 (standard error) msec, and during 
right ventricular plus right atrial drive ventricular stimu- 
lation preceded atrial stimulation by 84.1 + 4.8 msec. 

In all experiments a continuous record was obtained 
during the pre-drive period (20 beats) and the first 15 sec- 
onds ot the post-drive period, and at 30, 60, 120 and 180 
seconds after drive. At least 5 minutes was allowed to 
elapse before the effect of drive was retested. : 
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FIGURE 2. Sinus cycle length is plotted for 
control, drive, and post-drive periods for atri- 
al (open circles) and ventricular (closed cir- 360 
cles) drive in the same dog shown in Figure 

1. See text. 


Results 


Figure 1 illustrates the response of the sinus node 
to atrial and ventricular drive in 1 dog and charac- 
terizes the response of the group as a whole. The 
control measurements for sinus cycle length (mea- 
sured on the sinus nodal electrogram) and arterial 
and atrial pressures are indicated in the column on 
the left. As shown in the middle column, relatively 
small changes in pressure are observed during atrial 
drive in contrast to those observed during ventricular 
drive at the same rate with retrograde sinus capture. 
Note the significant increase in atrial pressure and 
decrease in arterial pressure during ventricular drive. 
The effect of atrial and ventricular drive on the re- 
covery of sinus nodal function in the immediate 
post-drive period is indicated in the column on the 
right. Slowing of the sinus rate (increased sinus cycle 
length) by comparison with control values is ob- 
served immediately after atrial drive is terminated. 
The sinus rate then promptly returns to the level 
seen before drive. In contrast, no sinus suppression is 
observed after ventricular drive with retrograde sinus 
capture, but a progressive sinus acceleration is ob- 
served. Note also the overshoot in arterial pressure 
after drive. 

The response shown in Figure 1 is graphically de- 
picted in Figure 2 and is extended to include the first 
15 seconds of the post-drive period. The height of the 
bar indicates the sinus cycle length during the 5 
minute period of drive. Upon termination of ventric- 
ular drive, the sinus escape time (first post-drive 
sinus cycle length) is slightly less than that of the 
control period. The sinus escape time after ventricu- 
lar drive was less than that of the control period 
(sinus acceleration) in 9 dogs, equal in 2 dogs, and 
greater (sinus suppression) in 4 dogs. Relative to the 
_ sinus escape time after atrial drive at the same rate, 
less sinus suppression was observed after ventricular 
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drive in every animal. Furthermore, after the first 
sinus beat following ventricular drive, progressive 
sinus acceleration (relative to control rates) was ob- 
served in all animals and is shown in Figure 2 for the 
second and third sinus cycles after drive. The maxi- 
mal decrease in sinus cycle length during this period 
of progressive sinus acceleration occurred by the third 
to fifth beat after drive. 

Although the effects of drive were tested several 
times in most animals, for statistical evaluation only 
the results of “first tests” for atrial and ventricular 
drive were examined, and the pooled post-drive data 
are shown in Figure 3. Change in sinus cycle length 
(with respect to average control value) is shown dur- 
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FIGURE 3. The post-drive change (mean + standard error) in 
sinus cycle length with respect to mean control value (0) is 
shown for right atrial (RA) and ventricular (RV) drive. PD, and 
PD» indicate first and second post-drive cycles, respectively, 
and 1, 5, 10, 15, 30, 60, 120 and 180 refer to the number of 
seconds after drive. N.S. indicates a nonsignificant (P >0.05) 
change. N = number of dogs. See text. OE, 5 
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FIGURE 4. The post-drive change (mean + standard error) in 
sinus cycle length with respect to mean control value (0) is 
shown for sequential drive. Abbreviations as in Figure 3. See 
text. 


ing the post-drive period for atrial (lower panel) and 
ventricular (upper panel) drive in these 15 dogs. 
Control rates as well as driving rates were compara- 
ble in both groups. Control rates averaged 152.0 + 
5.2 (right atrium) and 155.7 + 5.7 (right ventricle) 
beats/min, and driving rates averaged 196.1 + 7.2 
(right atrium) and 196.3 + 7.4 (right ventricle) 
beats/min. P values (calculated by the Student t 
test for paired data) in Figure 3 indicate significance 
of change from control values. The relatively large 
standard error reflects the significant degree of sinus 
arrhythmia present in many animals. After atrial 
drive a significant difference (P <0.001) is present 
initially only for the first cycle after drive. Accelera- 
tion above the control rate occurs at 30 seconds but 
is significant only at 120 seconds after drive. After 
ventricular drive the changes in sinus cycle length 
are opposite to those for atrial drive and are signifi- 
cant for the first and second cycles after drive and at 
1, 10 and 15 seconds after drive. 

The post-drive changes in sinus rate followed sig- 
nificant (P <0.05) hemodynamic changes during 
drive (Table I, upper panel). A significant change in 
aortic pressure (mean and pulse) and right atrial 
pressure (mean and peak) during ventricular drive 
was observed. Pressures returned to control levels 
approximately 5 seconds after drive was terminated. 
During atrial drive a consistent but minor (1 mm 
Hg) increase occurred in peak atrial pressure. Arteri- 
al pulse pressure decreased during atrial drive secon- 
dary to the increase in heart rate, but no change in 
mean arterial pressure resulted. 

Sequential drive: ‘The post-drive recovery pat- 
terns of the sinus node were similar for right ventric- 
ular and right ventricular plus right atrial drive and 
for right atrial and right atrial plus right ventricular 
ease (Fig. 3 and 4). The hemodynamic changes were 


also similar (compare upper and middle panels, 
Table I). 

Extrinsic cardiac denervation altered the response 
to drive. The difference between right atrial and 
right ventricular drive (3 dogs) and between right 
atrial plus right ventricular and right ventricular 
plus right atrial drive (11 dogs) was no longer signifi- 
cant for the first post-drive cycle. The effect of den- 
ervation on sinus rate in the post-drive period for the 
latter group of animals is shown in Figure 5, and the 
hemodynamic data appear in Table I (lower panel). 


TABLE | 


Hemodynamic Change During Drive 





Control (C) Drive (D) A (D minus C) P 
RA 
AP mean 123.3 123.3 0.0 0.9 NS 
AP pulse 46.9 40.4 —6.5 + 1.8 <0.01 
RAP 1.8 1.6 —0.2 + 0.1 NS 
RAP peak $21 4.1 1063 <0.01 
RV 
AP mean 125.1 109.5 —15.6+ 3.8 <0.01 
AP pulse 49.5 40.0 —9.5 + 1.7 <0.001 
RAP 1.4 4.6 3.2+ 0.4 <0.001 
RAP peak 33 12.6 9:9 5.0 <0.001 
RA + RV 
AP mean 123.2 123.2 —0.7+1.6 NS 
AP pulse 44.9 37.4 —7.5+1.6 <0.001 
RAP mean 1.9 1.9 0.0+0.2 NS 
RAP peak 39 ais 1.1+0.3 <0.001 
RV + RA 

AP mean 122.3 105.1 —17.2+ 3.7 <0.001 
AP pulse 45.5 36.6 —8.9+1.2 <0.001 
RAP mean 1.6 4.6 3.0+ 0.4 <0.001 
RAP peak 3.4 15.4 12.0+ 1.6 <0.001 


RA + RV (after denervation) 





AP mean 111.9 109.9 


—2.0+ 1.9 NS 

AP pulse 36.3 33.8 —2.5+ 1.0 <0.05 
RAP mean 1.9 2.0 0.1+ 0.2 NS 
0.9+ 0.4 NS 


RAP peak 2.4 3.3 








RV + RA (after denervation) 





AP mean 105.8 90.8 


—15.0+ 3.4 <0.01 
AP pulse 32.4 30.0 —2.4+ 1.6 NS 
RAP mean 1.4 4.4 3.0+ 0.8 <0.01 
RAP peak 2.4 12.8 10.4 + 3.0 <0.05 


The average change (A) during drive in each variable from 
control value (C) is indicated. Data from the top, middle, and 
lower panels of the table are from the same animals analyzed 
in Figures 3, 4and 5, respectively. 

AP = aortic pressure (mm Hg); RA = right atrial; RAP = right 
atrial pressure (mm Hg); RV = right ventricular. 
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Discussion 


Our study clearly demonstrates that the post-drive 
recovery pattern of the sinus node is significantly 
different for atrial and ventricular drive despite 
equal numbers of sinus captures. The arterial and 
atrial pressure changes that result from differences in 
the A-V contraction sequence during atrial and ven- 
tricular drive suggest a possible basis for our results. 

The relation of the A-V contraction sequence to 
hemodynamic events has recently been reviewed. 11-12 
The salient feature of this relation is that when, 
as in the normal situation, atrial systole immediate- 
ly follows rather than precedes ventricular systole, the 
atrial contribution to ventricular filling is lost and 
the atrium contracts against a closed A-V valve. As 
a consequence, arterial pressure decreases, right atri- 
al pressure increases, and the atrium visibly dis- 
tends. These hemodynamic changes result in the de- 
velopment of positive chronotropic forces that in- 
crease sinus rate by means of (1) the classic arterial 
baroreceptor reflexes, (2) change in the caliber of the 
sinus nodal artery, (3) the direct effect of right atrial 
stretch, and (4) the adrenal release of catechol- 
amines. 

Negative vs. positive chronotropic effects of 
ventricular drive: We suggest that the underlying 
negative chronotropic effect of sinus capture is modi- 
fied during ventricular drive by the simultaneously 
developing positive chronotropic forces discussed. 
Thus, sinus rate following ventricular drive with ret- 
rograde sinus capture represents the net effect of the 
positive and negative chronotropic forces that devel- 
op during drive. Since the negative chronotropic ef- 
fect of sinus capture is relatively brief (Fig. 2 and 3, 
right atrial drive), the persistence of the positive 
chronotropic forces accounts for the progressive sinus 
acceleration above control rate observed soon after 
the termination of ventricular drive (Fig. 2 and 3, 
right ventricular drive). The absence of a significant 
change in sinus rate 5 seconds after drive may be a 
result of the immediate post-drive increase in arteri- 
al pressure (Fig. 1) and the subsequent brief barore- 
ceptor-mediated vagal discharge. Extrinsic cardiac 
denervation removed this neurally mediated cardiac 
slowing, and a significant change in sinus rate was 
then observed 5 seconds after drive (Fig. 5). Also, 
because the efferent limb of the baroreceptor reflex 
was interrupted by denervation, sinus slowing (Fig. 
5, right ventricular plus right atrial drive) rather 
than acceleration (Fig. 4, right ventricular plus right 
atrial drive) was observed immediately after drive 
was terminated. Because denervation attenuated but 
did not prevent sinus acceleration in the post- 
drive period up to 30 seconds after drive, factors 
other than neural (such as right atrial stretch and 
catecholamine release, among others) must be con- 
tributing to the development of the positive chrono- 
tropic forces during ventricular drive. 

The positive and negative chronotropic effects of 
. drive on pacemaker function have been considered to 
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FIGURE 5. The post-drive change (mean + standard error) in 
sinus cycle length with respect to mean control value (0) is 
shown for sequential drive after denervation. Abbreviations as in 
Figure 3. See text. 


be related in part to the direct release of catechol- 
amines and acetylcholine from cardiac tissue and. 
nerve terminals by the electrical stimulus.® However, 
this mechanism does not explain the difference in the 
post-drive recovery patterns for atrial and ventricu- 
lar drive observed in this study. During right atrial 
plus right ventricular and right ventricular plus right 
atrial drive, only the sequence of activation was al- 
tered (not electrode site or stimulation characteris- 
tics); therefore, the magnitude of stimulus-induced 
local neurotransmitter release was the same for both 
types of drive. However, the sinus nodal recovery 
pattern for right atrial plus right ventricular drive 
contrasted with that for right ventricular plus right 
atrial drive in a manner similar to that for right atri- 
al and right ventricular drive alone. Thus, local neu- 
rotransmitter release did not appear to be a determi- 
nant of the difference in post-drive recovery pat- 
terns, whereas A-V contraction sequence did. 

Sinus nodal entrance block: Can the differences 
in the post-drive recovery patterns observed in this 
study be explained on the basis of sinus nodal en- 
trance block?1® For example, if there is entrance 
block into the sinus node during ventricular drive, 
but not during atrial drive at the same rate, one 
might expect less sinus suppression after ventricular 
drive. This possibility is considered unlikely for the 
following reasons: (1) Driving rates were only 30 per- 
cent in excess of spontaneous rate; (2) sinus accel- 
eration above the spontaneous rate and not simply 
decreased sinus suppression was observed after ven- 
tricular drive; (3) no atrial captures were observed; 
and (4) the response to drive was related specifically 
to driving sequence in 11 dogs without retrograde 
conduction in which the direction of atrial depolar- 
ization was similar for both right atrial plus right 
ventricular and right ventricular plus right atrial 
drive. | 

A r. 
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Clinical implication: The clinical relevance of 
our investigation requires further study in man. The 
phenomenon of prolonged asystole following the 
abrupt cessation of atrial drive in patients with sinus 
nodal dysfunction has recently been reviewed.}°:+? 
Whether the magnitude of the post-drive pause dif- 
fers for atrial and ventricular drive in such patients 
is not known; if a difference exists, it may prove im- 
portant in selection of pacing site. 
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Addendum 


In a recent study, Mandel et al. have reported that in 
patients with sinus nodal dysfunction the post-drive 
supression seen after atrial drive exceeds that seen 
after ventricular drive despite similar driving rates 
and intact 1:1 V-A conduction (Mandel WJ, Haya- 
kawa H, Allen HN, et al: Assessment of sinus node 
function in patients with the sick sinus syndrome. 
Circulation 46: 761-769, 1972). This observation ex- 
tends our findings, in part, from dog to man. 
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The relative importance of myocardial mass and serum concentra- 
tion as determinants of tissue concentration of digitalis glycosides is 
unknown. Left ventricular hypertrophy was induced in rabbits by a 
technique of banding the aorta to produce a significant systolic gra- 
dient. The weight of the hypertrophied left ventricle of 6 animals ex- 
ceeded that of the 5 control animals by an average of 49.6 percent. 
Tritiated digoxin (125 uCi/mg) in a dose of 0.045 mg /kg was given 
intravenously to each animal. Serum samples were obtained at 15 
minute intervals for 2 hours at which time the animals were sacri- 
ficed and all tissues and sera analyzed for digoxin content. There 
was no significant difterence in serial serum concentrations between 
the control animals and those with cardiac hypertrophy for the dura- 
tion of the experiment. Results of this experiment revealed a definite 
linear relation between increasing serum concentration and tissue 
concentration of °H digoxin. Tissue serum ratios were relatively con- 
stant and averaged 2.3. Variation of myocardial mass, normal or hy- 
pertrophied, is not a significant factor in tissue concentration of di- 
goxin. Serum concentration rather than myocardial mass is the de- 
termining factor in myocardial tissue concentration of tritiated digox- 
in; thus, the presence of cardiac hypertrophy does not undermine 
the usefulness of the serum level of digoxin in providing an estimate 
of myocardial digoxin tissue concentration. 


The distribution of digitalis glycosides in the myocardium has been 
investigated, but there is a wide diversity of opinion concerning the 
exact localization. Autoradiography has demonstrated location in the 
sarcomere,!-4 whereas ultracentrifugation studies have suggested 
concentration of glycoside in both the cellular debris portion® and 
the soluble cytoplasm.®:7 Further development of techniques may 
make definitive studies possible. Cardiac hypertrophy most likely 
leads to an increase in size of the myocardial cell primarily as a re- 
sult of organelle enlargement.8-19 Changes in the intercalated disc 
and Z bands have been observed, which may give rise to new sarco- 
mere.?:11 These changes of structure in hypertrophy theoretically may 
alter tissue concentration of digitalis glycosides depending on which 
cellular structure is primarily involved in hypertrophy and digitalis 
accumulation. 

Serum levels of glycosides are probably an important factor in 
myocardial tissue concentration as recent studies suggest.*? 14 
Physiologic studies of the effect of digitalis glycosides on the degree 
of atrioventricular block induced when compared to serum concen- 
tration of these agents! support the contention that serum concen- 
tration of digoxin is important in determining tissue concentration. 


tie E 
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TABLE | s 


Characteristics of the Experimental Animals 
(mean + standard deviation) 


Control Banded 
no. of animals 5 6 
Body weight (kg) 3.7 +0.2 3.9+ 0.4 
Total heart weight (g) 8.3+ 0.7 12.0 + 3.1 
LV weight (g) 4.8+ 0.3 7.2+1.0 
LV/BW (%) 0.13+ 0.01 0.18 + 0.03 
RV/BW (%) 0.033 + 0.003 0.047 + 0.02 


BW = body weight; LV = left ventricle; RV = right ventricle. 


This finding is also supported by the study of Shapi- 
ro et al.,4® who correlated serum concentration of 
glycosides with a change in systolic time intervals. 
Our goal was to compare the relative importance of 
heart size and serum concentration as determinants 
of the tissue concentration of digoxin. 


Methods 


Experiments were performed using New Zealand white 
albino rabbits which were anesthetized with pentobarbital 
intraperitoneally. A thoracotomy was performed and an 
ameroid band placed on the proximal aorta.17 

The rabbits were again anesthetized an average of 22 
days postoperatively and the peak systolic gradient was 
obtained by comparing femoral arterial pressure with that 
obtained by direct percutaneous left ventricular puncture. 
The demonstration of a significant gradient assured us of 
significant cardiac hypertrophy, as we have previously 
demonstrated.1* On an average of 42 days after banding, 
animals received 0.045 mg/kg of tritiated digoxin under 
general anesthesia. Tritiated digoxin used in this experi- 
ment was labeled by the Wilzbach hydrogen exchange 


DIGOXIN DISTRIBUTION IN RABBIT TISSUES 





method (Burroughs-Wellcome and Company [USA], Inc., 
Tuckahoe, New York) with a specific activity of 125 uCi/ 
mg. It was demonstrated to be radiochromatographically 
pure. During the 2 hour experimental period, aortic pres- 
sures were monitored, and in 6 animals 2-hour creatinine 
clearance determinations were made as a measure of ade- 
quacy of perfusion under anesthesia. Serum levels for tri- 
tiated digoxin were obtained 15, 30, 45, 60, 90 and 120 
minutes after the initial dose. After 2 hours the animals 
were sacrificed and portions of all organs taken for deter- 
mination of tissue concentration of tritiated digoxin. All 
epicardial fat was removed from the heart, the right ven- 
tricle was separated from the left ventricular chamber, 
which included the septum, and specific chamber weight 
was determined. Tissues were weighed, homogenized, lyo- 
philized, extracted with chloroform and passed through an 
alumina column, and radioactivity was measured with a 
liquid scintillation counter and expressed as nanograms 
per gram (ng/g) wet weight.1® Tritiated digoxin was ex- 
tracted from the serum by the method described for the 
tissue and expressed as nanograms per milliliter. 


Results 


Cardiac hypertrophy was readily produced, and 
data are outlined in Table I. Both left ventricular 
and right ventricular hypertrophy resulted from aor- 
tic banding. The average systolic pressure gradient, 
measured 3 weeks after banding, was 47 mm Hg 
(range 30 to 80 mm Hg). 

The distribution of tritiated digoxin in rabbit 
tissues is outlined in Figure 1. The tissues with the 
highest concentration (ng/g wet weight) were gall 
bladder, diaphragm, aorta, small and large intestine, 
skeletal muscle and kidney. Next in order was the 
myocardium, both right and left ventricle, in ap- 
proximately equal concentration. 


ADRENAL 
AORTA 
BLADDER 
COLON 
DIAPHRAGM 
GALL 
BLADDER 
KIDNEY 
LIVER 
LUNG 
OVARY or TESTIS 
SKELETAL MUSCLE 
SMALL INTESTINE 
SPLEEN 
THYMUS 
UTERUS 
ATRIUM 
LEFT. VENTRIGCE FIGURE 1. Mean tissue concentration of 
RIGHT VENTRICLE tritiated digoxin in the various organs of 11 
; 5 p i 20 25 30” 280 Mie shoud: Thare was no. eluniticant Bifan, 
A Nig ng DIGOXIN /g TISSUE ence between the 2 groups of animals. 
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100 





FIGURE 2. Serum digoxin concentration is 
expressed on a semilogarithmic scale for 
the normal animals and those with hypertro- 
phy over the 2 hour experimental period. The 
mean and 1 standard deviation are shown. 
No significant difference is noted between 
the 2 groups. 


SERUM DIGOXIN CONCENTRATION-ng/g 
© 


FIGURE 3. The relation between serum di- 
goxin concentration and tissue concentration 
in the left ventricle is illustrated for the nor- 
mal animals and those with hypertrophy. The 
horizontal line near the bottom of the graph 
shows a stable tissue serum ratio at all lev- 
els of digoxin concentration for both groups. 


TISSUE DIGOXIN CONCENTRATION-ng/g 


Comparison of serum concentration over the 2 
hour experimental period for control animals and 
those with cardiac hypertrophy is outlined in Figure 
2. The mean and 1 standard deviation are shown. 
There is no significant difference in the turnover 
curve of the 2 groups of animals. 

The relation between serum concentration and tis- 
sue concentration of digoxin in the left ventricle is 
illustrated in Figure 3. With increasing serum con- 
centration of tritiated digoxin and regardless of nor- 
mal or hypertrophied myocardium there is an in- 
creasing tissue concentration of tritiated digoxin. 
Also illustrated is the serum to tissue ratio which did 
not change significantly at any level of serum con- 
centration. The average serum tissue ratio of the 
control animals was 2.1 and of those with hypertro- 
phy 2.6 (average 2.3 for all animals). There was a 
similar relation between serum concentration and 
tissue concentration for the right ventricle. 

Figure 4 groups the control animals and those with 
hypertrophy to compare tissue concentration of tri- 
tiated digoxin in the left ventricle with mass. The 
data show that tissue concentration was similar in 
the 2 groups. : 
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All animals maintained a stable blood pressure 
throughout the 2 hour experimental procedure. Fur- 
ther evidence of adequate tissue perfusion was ob- 
tained by measurement of 2 hour creatinine clear- 
ance levels in 6 animals. Two of these were control 
animals, and the average 2 hour creatinine clearance 
value was 7.0 cc compared to 6.9 cc for 4 of the ani- 
mals with hypertrophy. Hence, adequate tissue per- 
fusion as determined from renal function was present 
in these animals throughout the experimental peri- 
od. 

Comparison of the ratio of dry weight to wet 
weight of the left and right ventricles of the control 
and hypertrophied ventricle was obtained. In the 
control animals, the ratio of dry to wet weight was 
0.23 compared to 0.22 for the hypertrophied ventri- 
cles. Comparable figures for the right ventricle were 
0.24 and 0.27. These data indicate that true myocar- 
dial mass accounted for the difference in myocardial 
weight and that water retention was not a factor. 


Discussion 


Serum concentration of tritiated digoxin was the 
most important determinant of the tissue concentra- - 
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FIGURE 4. A comparison of tissue digoxin concentration with 
left ventricular size in grams. Closed circles = normal animals; 
open circles = animals with hypertrophy. Tissue concentration 
is similar for the 2 groups. 


tion of digitalis glycoside regardless of the size of the 
myocardial mass. Furthermore, there was a predict- 
able relation (Fig. 3). The results of this study 
strongly support the concept that determination of 
serum levels over a wide range would be of value in 
estimating the myocardial tissue concentration as 
has been suggested previously.12:14:19-21 The limita- 
tion of applying the results of this experimental 
model to man must be considered because of the dif- 
ference in metabolic turnover of glycoside in ro- 
dents?? compared to that in man, the difference in 


toxicity? and the difference in serum to myocardial 
tissue ratio. The latter averages 1:2.3 in rabbits 
compared to an average in man of 1:30.12 It should 
also be emphasized that the tissue distribution in 
the rabbit differs from that of dog!? and man.14 - 

The possibility of increased digitalis binding be- 
cause of increased mass of cellular structures in 
hypertrophy was not a significant factor in tissue 
concentration of digoxin. This observation is consis- 
tent with clinical experience that cardiac size is not 
a determining factor in digitalis dosage require- 
ments. 

The degree of variation of serum levels of digoxin 2 
hours after administration was not anticipated be- 
cause of a uniform dosage of glycoside based on body 
weight. A more than 3-fold difference was noted (3.1 
to 10.0 ng) among the 11 animals. Comparison with 
data on man in our laboratory (unpublished observa- 
tions, J.E.D.) reveals a more than 2.5-fold variation 
in serum levels (2.6 to 6.6 ng) 2 hours after a stan- 
dard intravenous dose. This degree of variation in 
serum level may be a more common phenomenon 
than generally appreciated, and the finding serves to 
emphasize the potential value of serum digitalis gly- 
coside concentration determinations. 
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The hypothesis is examined that hemodynamic alterations at the site 
of the primordial mitral valve may induce malformations that simu- 
late the clinical findings of hypoplastic left heart syndrome. Surgical 
placement of a nylon device, approximately 90 4 in diameter, into 
the region of the left atrioventricular (A-V) canal was accomplished 
in 192 embryos (Hamburger-Hamilton stages 23 to 25). Thirty-nine 
pairs of experimental and control embryos survived more than 12 
days. Twenty-six experimental embryos exhibited various malforma- 
tions: hypoplastic left atrium and ventricle, mitral valvular atresia, 
aortic valvular stenosis and tubular hypoplasia of the aorta and bra- 
chiocephalic vessels. These findings reemphasize the probable 
morphogenetic role of blood flow pathways. The findings further im- 
plicate involvement of the left A-V canal as well as premature clos- 
ing of foramen ovale and aortic valvular abnormalities in the hypo- 
plastic left heart syndrome. 


Experimental embryologists have presented evidence that the pat- 
tern of hemodynamic flow in the embryonic circulatory system is of 
importance in the enlargement and evolution of the cardiac cham- 
bers and great vessels.1-7 The concept that normal and abnormal 
cardiac morphogenesis is in part dependent on the pattern of hemo- 
dynamics through the embryonic circulatory system is also used in 
post-hoc reasoning about the anatomic consequences of certain pri- 
mary cardiac lesions. 

Rychter,® Gessner,’ Gessner and Van Mierop® and Stephan? have 
observed relatively specific pathologic changes in the developing 
chick embryo after specific local surgical intervention modifying the 
spiral blood flow pattern. This experimental alteration of the pattern 
of hemodynamic flow has been a useful method to produce various 
congenital malformations and to obtain information concerning this 
embryologic vector as a possible cause or contributor to cardiac 
anomalies. Although malformations of the aortic arches and the 
heart loop and cardiac structures have been produced experimentally 
in mammalian and avian embryos by avitaminosis,}° azo dyes,?? 
anoxia,!2 X-ray exposure!3 and immunologic antigen-antibody reac- 
tions,!4 such inducing mechanisms have no direct developmental 
link with mechanisms that produce the congenital anomaly. 

The present report describes efforts to produce obstruction of the 
mitral valve by mechanical interference during the early develop- 
mental stages of the primordial mitral valve in the embryonic chick 
heart and includes evaluation of the subsequent morphologic conse- 
quences. Mechanical interference with the bloodstream passing 
through the mitral valve in the heart of the chick embryo should re- 
sult in redirection of the major hemodynamic flow into the right 
heart chambers from the left heart passageway. Thus, one might ex- 
pect anomalies resulting from the hemodynamic alteration to simu- 
late the clinical pathologic entity known as hypoplastic left heart 
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FIGURE 1. A living chick embryo at stage 25 with nylon de- 
vice (arrow) traversing the left A-V canal causing flow-volume 
interference. 


syndrome. It was of particular interest to observe 
whether early obstruction of the mitral valve could 
result in the wide spectrum of left heart and aortic 
abnormalities that are clinically grouped under the 
term hypoplastic left heart syndrome. 215 


Materials and Methods 


Fertile white leghorn eggs were obtained from a com- 
mercial hatchery and stored for no longer than 7 days at 
10 C before incubation. They were incubated at 38 + 0.5 
C and at a relative humidity ranging from 50 to 70 per- 
cent. The eggs were incubated for 4.5 to 5 days, resulting 
in embryos approximating stages 23 to 25 of Hamburger 
and Hamilton.!® After the eggs were candled to locate the 
site of the embryo, a window was cut in each shell. The 
vitelline membrane was torn, and a device consisting of 
nylon suture material, approximately 90 in diameter 
and 1.5 to 3 mm in length, was inserted through the left 
atrial wall into the left ventricular cavity. The distal end 
of the device was free in the left ventricle. The proximal 
end protruded through the left atrial wall, and the device 
itself traversed the left A-V canal (Fig. 1). The shell 
opening was then sealed with parafilm and melted paraf- 
fin and the egg returned to the incubator. The device re- 
mained in place for a maximum of 60 to 72 hours. After 
this time it was extruded from the left A-V canal because 
of the normal expansion of the rapidly growing embryonic 
heart. The degree of reduction of blood flow into the left 
heart chambers undoubtedly differed from embryo to em- 
bryo because of slight differences in the placement of the 
nylon device. 

Two additional groups of eggs served as controls. Both 
control groups were removed from the incubator along 
with the experimental eggs and remained out of the incu- 
bator for the same period. Eggs in the first control group 
. were candled but not opened. Eggs in the second control 


group were opened and the vitelline membrane was in- 
cised, but no nylon device was implanted. Eggs in all 
groups were candled daily to detect embryonic deaths. 

Gross external examinations were made on each embryo 
that survived from day 12 of incubation to hatching age. 
After examination, all embryos were fixed and preserved 
in Bodian’s solution (80 percent ethanol, 90 parts; 
glacial acetic acid, 5 parts; formaldehyde, 5 parts). 
Gross dissection of the heart was performed using the 
pathologic techniques of Lev.!’ The procedure included a 
complete examination of the great vessels and their 
branches with use of a dissecting microscope (4 to 40X). 

Estimation of the size of the heart chambers, valvular 
orifices and great vessels was made by gross examination, 
and judgment as to the presence of hypoplasia, hyperpla- 
sia and distortion of the particular chamber or its orifice 
was made by direct comparison to a control embryonic 
heart of the same age (Fig. 2). Isthmal narrowing of the 
aortic arch was defined as an isthmal diameter less than 
half of that of the descending aorta. Two abnormal em- 
bryonic hearts from the experimental group were embed- 
ded in paraffin, sectioned at 5 levels and stained with 
hematoxylin and eosin for microscopic study. 


Results 


A total of 192 experimental operations were ini- 
tially successful, and 39 embryos survived to day 12 
or longer of incubation (Table I). Deaths occurring 
before day 12 were often associated with gross multi- 
ple malformations and are not included in the 
analysis. In the control group of opened eggs, 
13 of 15 embryos survived to day 12 or longer of in- 
cubation. Only 39 embryos in the unopened control 
eggs were permitted to develop to day 12 of incuba- 





FIGURE 2. Normal chick heart at hatching age. The aorta is 
posterior, the pulmonary artery anterior and there is a right- 
sided aortic arch. The apex of the heart is formed by the left 
ventricle only. AAo = ascending aorta; BCA = brachiocephalic 
arteries; LA = left atrium; LV = left ventricle; PA = main pul- 
monary artery; RA = right atrium; RV = right ventricle. 3 
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TABLE | 
Effects of the Operation 


Embryos 

Pre- Surviving 
Normal Abnormal 
pared to Day 12 Po Saran beads ede 
Embryos (no.) (no.) no. ZA no. % 
Experimental* 192 39 13 33 26 67 

Control 

Opened 15 13 13 100 0 0 
Unopened 192 39 39 100 0 0 


* Includes only those embryos in which the nylon device was 
successfully implanted as judged by visual inspection at the 
time of operation. 

+ An unopened control egg was removed from the study each 
time an experimental embryo died. This is the basis for the re- 
duction from 192 eggs prepared to 39 survivors in the group of 
unopened control eggs. 


tion because of removal of these eggs from the study 
each time an experimental embryo died. All control 
embryos (from 13 opened and 39 unopened control 
eggs) exhibited normal hearts and normally-related 
great vessels. 

The experimentally manipulated embryos, how- 
ever, presented a spectrum of abnormalities (‘Table 
II). Gross examination of all experimental embryos 
indicated significant retardation in growth and de- 
velopment compared to findings in control embryos 
of the same age. However, 13 of the experimental 
embryos had generally normal cardiac structure, and 
it was assumed that the device had been improperly 
placed or had been displaced early from the site of 
insertion. Twenty-six of the experimental embryos 
exhibited various degrees of cardiac and great vessel 
malformations. 

There were 4 groups, as shown in the following ar- 
bitrary classification: 

Group I. The 10 embryos in this group had a small 
left atrium with a thickened atrial wall (Fig. 3). The 
left ventricle was hypoplastic. The right atrium and 
ventricle were significantly enlarged with an increase 
in the transverse diameter. The apex of the heart 
was rounded and mostly formed by the right ventri- 
cle in contrast to findings in the normal control em- 
bryonic heart. In 2 instances, somewhat hypoplastic 
brachiocephalic arteries were noted. The ductus ar- 
teriosus was widely patent in each of the embryos 
examined for this structure. 

Group II: The 8 embryos in this group had a 
threadlike aortic isthmus in addition to the hypo- 
plastic left atrium and ventricle (Fig. 4). The left 
ventricular hypoplasia was greater than that noted 
in embryos in Group I. The rounded apex of the 
heart was formed exclusively by the hyperplastic 
right ventricle. In 3 instances, a persistent remnant 
of the dorsal aorta originated from the right third 
aortic arch and was connected to the fourth aortic 
arch with continuity to the descending aorta. 

Group III: The 6 embryos in this group had a hy- 
“poplastic ascending aorta and a stenotic and thick- 
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TABLE I! 


Experimental Spectrums of Cardiac Pathology 


Abnormal Groups (26 embryos) 
Normal si spe ee ce 


Group | I| III IV 
(13) (10) (8) (6) (2) 
Hypoplastic left atrium and... + + 
ventricle 
Hyperplastic right atrium AA + 
and ventricle 
Patent ductus arteriosus ee: + 
Hypoplastic aortic isthmus 
Hypoplastic ascending aorta 
or absent aortic arch 
Miscellaneous ate ey aaa ae + 


++ + +4 


4- 
-- 
+ 





Figures in parentheses indicate number of embryos. 


ened aortic valve (Fig. 5). Absent aortic arch was ob- 
served in 2 embryos. One embryo had mitral valvu- 
lar atresia. The pulmonary arteries appeared some- 
what hypoplastic distal to the greatly enlarged 
ductus arteriosus. The latter was widely patent bi- 
laterally and clearly provided circulation to the lower 
half of the embryo. The caliber of this structure was 
equal to that of a pulmonary artery. 

Group IV: The 2 embryos in this group had mis- 
cellaneous forms of heart abnormalities. One had a 
greatly enlarged left atrium with only modest hypo- 
plasia of the left ventricle. The other embryo exhib- 
ited a single ventricle with a dextroposed aortic root 
posterior to the main pulmonary artery. In this em- 
bryo, the aortic outflow tract was separated from the 
mitral valve by a thickened fibrous band. A left ven- 
tricular cavity was not observed. The morphologic 





FIGURE 3. Experimental embryonic chick heart, Group |. 
Note the minute left ventricle, small left atrium and massively 
enlarged right atrium and ventricle. - 
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features of the ventricle were characteristic of the 
anatomy of the right ventricle, and the latter struc- 
ture was enlarged and deviated to the left. 

Microscopic study of the sectioned hearts revealed 
that the left ventricular myocardium was compact, 
the cells were densely aligned and the mitral and 
aortic valvular tissues were somewhat thickened. No 
unusual inflammatory reaction or other tissue reac- 
tion to the nylon device was observed. 

In more than half of the experimental embryos, 
the left ventricular endocardial lining appeared 
thickened upon gross examination compared to that 
of the normal embryo, but there was no correlation 
between the extent of the left ventricular hypoplasia 
and the endocardial thickening. 


Discussion 


In the early developmental stages of the heart, 


+ when the structure is still a simple convoluted tube, 


FIGURE 4. Experimental embryonic chick heart, 
Group Il. A, note the threadlike aortic isthmus with 
hyperplastic right atrium and ventricle. B, frontal 
view. The apex of the heart formed by the right 
ventricle; a minute left ventricle is not seen in this 
view. C, hyperplastic right atrium and ventricle. D, 
hypoplastic left atrium’and ventricle. AAo = as- 
cending aorta; Al = aortic isthmus; DAo = de- 
scending aorta; RPA = right pulmonary artery; TV 
= tricuspid valve. 





2 distinct streams of blood flow can be identi- 
fied.2-4,18-22 According to Goerttler,5> deviations 
from normal development in the heart induced by ge- 
netic or exogenous factors result in alterations of the 
rapidly proliferating embryonic tissues. Subsequent 
normal or abnormal development of cardiac struc- 
ture further results from the abnormally displaced 
blood-stream patterns. 

Surgical intervention has been employed on the 
blood flow pathways to investigate developmental 
abnormalities. Rychter® applied fine silver clips to 
the third, fourth and sixth arches of the chick em- 
bryo in all possible combinations and observed ven- 
tricular septal defects with malformed aortic arch 
vessels. Gessner and Gessner and Van Mierop?:® de- 
scribed the induction of ventricular septal defect 
with double outlet right ventricle by insertion of a 
fine wire device beneath the embryonic conotruncal 
system. These experimental manipulations represent 
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extracirculatory interference with the hemodynamic 
pattern. To our knowledge, no previous report has 
described direct intracirculatory obstruction of the 
hemodynamic streams of the type reported here. 

Although it has been stated in the past that cardi- 
ac malformations are created by abnormal streaming 
of blood, it should be evident that abnormal stream- 
ing is the result of some primary morphologic or 
physiologic abnormality. Physical injury and internal 
or external manipulation of the embryonic heart are 
by no means natural events, and therefore these 
techniques cannot provide clear etiologic or 
pathogenetic explanations for various congenital car- 
diac malformations. However, these techniques can 
provide significant information about the morpho- 
logic consequences of very early induced structural ab- 
normalities in the bloodstream pathways. 


Causes of Hypoplastic Left Heart Syndrome 


We anticipated that the experimental approach 
might resolve controversies concerning the possible 
site of the primary lesion in the hypoplastic left 
heart syndrome. Some investigators??:24 have sug- 
gested that premature closure of the foramen ovale is 
a probable cause of this syndrome. Others?5 have in- 
dicated that mitral valvular atresia is primarily due to 
a failure in left ventricular differentiation affecting 
the inflow region of the left ventricle. Still others?® 
have postulated that hypoplasia of the left ventricle is 
secondary to failure of differentation of the left ven- 
tricular outflow tract, or to abnormal septation of the 
truncus arteriosus.?® 

De la Cruz et al.27 and Grant?® have suggested 
that semilunar valvular stenosis or atresia may result 
from overgrowth of the endocardial cushion tissue as 
primarily an abnormal process of semilunar valvular 
formation. Both in clinical pathologic specimens and 
in the embryonic chick hearts with induced abnor- 
malities there was almost always thickened and nar- 
rowed left A-V or aortic valvular tissue, or both. 
Moreover, we believe that the thickened valvular tis- 
sue in the formation process of the stenotic valve is 
the result of underdevelopment or underdifferentia- 
tion rather than of overgrowth of the primordial val- 
vular tissues. In the process of valve formation in 
early cardiac morphogenesis, a dome-shaped endo- 
cardial cushion swelling or ridge appears at the site 
of the future valvular annulus. This swelling later 
differentiates into the thin, mature adult form of 
valve. Failure of this differentiation in early cardio- 
genesis results in primordial valvular tissues remain- 
ing as a thickened but hypoplastic valve. 

Flow-volume hypoplasia: The experimental pro- 
cedure utilized, insertion of a nylon device, results in 
obstruction of the left A-V canal and presumably 
causes diminution of the normal flow of blood both 
from the vitelline (placental in the human) interatri- 
al stream and from the pulmonary venous return 
into the left atrium, left ventricle and ascending 
aorta. We postulate that a certain range of cardiac 
contractility and intracardiac circulation is necessary 
for continued growth and proliferation of the myofi- 
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FIGURE 5. Experimental embryonic chick heart, Group III. 
Note the absent ascending aorta with hypoplastic left atrium and 
ventricle and the hyperplastic right atrium and ventricle. MPA = 
main pulmonary artery; RPA = right pulmonary artery. 


brils. From the physiologic standpoint, the narrow- 
ing or closure of the mitral valve results in an obliga- 
tory reversed atrial shunt in comparison to findings 
in normal fetal circulation. There is resultant in- 
creased flow, vitelline and pulmonary venous in ori- 
gin, into the right heart chambers and decreased 
flow into the left heart chambers with resulting flow- 
volume hypoplasia of the left atrium and ventricle. 
The term volume atrophy?* has been applied to 
these chambers in the analogous clinical circum- 
stance; however, since the malfunction is induced 
during active embryogenesis, we postulate that a 
flow-volume hypoplasia is a more likely mechanism 
than volume atrophy. 

There is a contrasting flow-volume hyperplasia of 
the right atrium and ventricle. The hyperplasia itself 
presents as enlargement of the chambers with nor- 
mal or thickened walls. Another consequence of the 
markedly altered bloodstreaming subsequent to left 
A-V canal obstruction would be a convex deviation 
of the ventricular septum toward the left ventricle 
with narrowing of the left ventricular outflow tract. 

Abnormal intracardiac streaming: ‘The aortic 
arch malformations in the hypoplastic left heart syn- 
drome can also be considered a consequence of the 
abnormal intracardiac streaming. The greatly de- 
creased or absent propulsion of blood flow from the 
left ventricle into the ascending aorta limits the 
range of rhythmic aortic expansion, with resultant 
flow-volume hypoplasia. Hypoplastic aorta with ven- 
tricular septal defect and aortic atresia with relative- 
ly competent mitral valve were not seen in our ex- 
perimental model, and perhaps these lesions reflect 
different developmental stages of involvement. 
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The primary,cause of decreased hemodynamic flow 
in the early human primordial left A-V canal is un- 
known. It is suggested from our experimental model 
that initial failure of left A-V endocardial cushion 


differentiation is a primary mechanism of involve- 
ment resulting in subsequent hemodynamically in- 
duced hypoplasia of the other involved structures in 
this syndrome. 
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Data from serial electrocardiograms obtained from healthy prema- 
ture infants aged 24 hours to 1 year are presented. Comparison is 
made mainly with Ziegler’s data on healthy full-term infants. Al- 
though there were many similarities, important differences were 
noted. All wave durations in the electrocardiograms of healthy pre- 
mature infants were shorter than those of healthy full-term infants. 
The P and QRS vectors were directed more to the left and posterior- 
ly in premature infants than in full-term infants, and there was less 
right ventricular dominance at birth in premature infants than in full- 
term infants. 


Longitudinal quantitative studies of the standard electrocardiogram 
of the premature infant are few and have encompassed only the first 
weeks of life.1-7 Furthermore, appropriate statistical analyses have 
not been obtained in many instances. The present study examines 
the results of a quantitative longitudinal study of the electrocardio- 
gram of the healthy premature infant during the first year of life, 
and compares some of the differences and similarities found in the 
electrocardiogram of the healthy full-term infant.® 


Methods and Materials 


The patients were selected from the premature nursery of Rainbow 
Babies and Children’s Hospital, Cleveland, Ohio. Only healthy premature 
infants were chosen for the study; infants with respiratory distress, cardio- 
pulmonary disease or metabolic disorders were excluded. In addition, each 
infant was examined by a cardiologist at various times during the year to 
confirm clinically that the patient had a normal heart. 

At the time the study was performed, accurate and precise methods for 
determining gestational age had not been developed. Consequently, the in- 
fants were chosen on the basis of maternal menstrual history, birth weight 
and the judgment of the nursery staff. Care was taken to exclude infants of 
low birth weight who were small for dates, as well as postmature infants. 

Twelve lead standard electrocardiograms were obtained at the following 
ages: 24 hours, 72 hours, 1 week, 1 month, 2 months, 3 months, 6 months, 
and 1 year. The electrocardiograms included the standard limb leads and 
precordial leads V4R, Vi, V2, V4, V5 and Vg taken at a paper speed of 25 
mm/sec. In addition, lead II was taken at a paper speed of 50 mm/sec. The 
usual standardization of 1 mv = 10 mm of paper deflection was used. All 
electrocardiograms were obtained by the same technician using a Cambridge 
Versa-Scribe single channel, direct-writing electrocardiograph. 

Sixty-six infants were studied at age 24 hours, and 69 infants at age 72 
hours. The number of infants returning for follow-up examination steadily 
decreased during the various time intervals, so that only 18 infants were 
studied at age 1 year. Fifty of the 69 premature infants were part of a pre- 
viously reported study! of the Frank system vectorcardiogram in the prema- 
ture infant. 
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TABLE A 
Heart Rate (beats/min) 











Infants Mean Percentile 

OF a ak tN Lal oa Heart DEE EC 
Age no. Rate 5th 95th 

24 hr 66 141 109 173 

72 hr 69 150 127 182 
1 wk 62 164 134 200 
1 mo 42 170 133 200 
2mo 30 171 128 203 
3 mo 24 159 130 202 
6 mo 16 145 
lyr 18 142 

TABLE Ill 


P Wave Vectors (in degrees) 


Frontal Plane Horizontal Plane 


no. Preva- 


of Prevalent lent i 
4 Percentile i Percentile 
Ageof In- Direc- kidar E no. of Direc- : 


Infants fants tion 5th 95th Infants tion 5th 95th 


24 hr 64 38 4 75 64 44 345 60 
72 hr 67 50 30 75 65 44 349 60 
lwk 61 51 30 75 61 45 0 60 
lmo 4l 47 2 69 37 38 0 60 
2 mo 30 44 23 65 30 28 0 60 
3mo 24 44 30 60 24 32 10 60 
6mo 15 46 FA aint 16 27 
lyr 18 41 A acd 18 31 


Complete statistical analysis of all the data is presented 
in Tables A through P, on file in the Documentation Insti- 
tute of the Library of Congress, Washington, D.C., and 
available on request. Eight summary tables prepared from 
these data are included here (Tables I through VIII). 


Statistical Analysis 


Means and standard deviations were computed using 
standard linear methods for all rates, magnitudes and du- 
rations. Percentile values were computed only when there 
were at least 20 patients in a sample group. 

It has been shown that electrocardiographic data may 
be quite skewed.9:!° Consequently, in some instances the 
value of 2 standard deviations from the mean exceeded 
the maximal value recorded. Therefore, the value ob- 
tained at the 95th percentile level is suggested instead of 
that of 2 standard deviations from the mean in estimating 
top normal values. In our study, 5th, 10th, 50th, 90th, and 
95th percentile values were calculated. 

For angular data, the method of Downs and Lieb- 
man?!.12 was used. Angular percentiles were calculated as 
follows, using methods recently devised and described.13.14 
The prevalent direction A is identified on the circumfer- 
ence of a circle. A straight line is then drawn from A to a 
diametrically opposite point on the circumference. This 
point is A +180°. Then, proceeding clockwise, the arc on 
the. circumference of the circle is identified in which 5 


TABLE Il 


Amplitude of the P Wave in Lead II (in 
tenths of millivolts) 








Infants Percentile 
ae SE Mean Si aoe E E 
Age no. Amplitude 5th 95th 
24 hr 65 2 0.5 2.0 
72 hr 69 1.3 0.5 2.0 
1 wk 62 1.3 0.5 2.6 
1 mo 40 0.8 0.3 15 
2mo 30 0.9 0.4 15 
3 mo 24 1.0 0.5 1.9 
6 mo 16 Ap 
lyr 18 a2 





percent of the patients’ values lie between A +180° and 
the end point of the arc. A line is then drawn from the 
center of the circle to this point. This point (or angle) is 
called the 5th percentile, and the are enclosed by it and A 
+180° now includes 5 percent of the patients’ values. This 
step is repeated so that the next arc includes the next 5 
percent of values, thus defining the 10th percentile. The 
next arc contains 40 percent of the values and the cumu- 
lative arc now includes 50 percent. Another 40 percent of 
the patients’ values are included in the next arc, defining 
the 90th percentile, and 5 percent in each of the next 2 
arcs. This procedure defines the 5th, 10th, 50th, 90th and 
95th percentiles. The 0 percentile is equal to A +180°, 
and, because of the geometry of the circle, the 0 percentile 
is also equal to the 100th percentile. The 50th percentile 
angle is equal to the prevalent direction, A, only when the 
distribution of patients’ values is symmetrical. If the 
values are clustered in the semicircle between A +180° 
and A in a clockwise direction, then the 50th percentile 
lies in this semicircle. However, if the values are clustered 
in the other semicircle, then the 50th percentile lies in 
that semicircle. 


Results and Discussion 


Heart rate: The mean heart rate increased from 
141 beats/min at birth to 171 beats/min at age 2 
months, and then showed a decline to 142 beats/min 
at age 1 year (Tables I and A). Similar observations 
of a mean increase with age during the first months 
of life have been made previously in both healthy 
full-term infants*?° and in premature infants in 
studies2-® that ended at the ages of 1 month or 7 
weeks. 

P-R interval: The mean interval remained es- 
sentially constant for the entire year with a value of 
0.10 + 0.01 second (Table B) and did not show a 
consistently inverse relation to heart rate. McCam- 
mon’s observations!® in healthy children, that the 
P-R interval is very stable in an individual patient 
and better related to age than to heart rate, appears 
to be applicable to premature infants as well. 

QRS duration: The mean QRS duration was 
stable during the first 6 months of life with a value 
of 0.04 second which increased slightly to 0.05 second 
at age 1 year (Table C). However, the 95th percen- 
tile showed an increase from 0.05 to 0.06 second at 
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TABLE IV 
QRS Vectors (in degrees) 


Frontal Plane 


Percentile 


Age of no. of Prevalent no. of Prevalent 
Infants Infants Direction 5th 95th Infants Direction 
24 hr 60 127 75 194 58 74 
72 hr 68 121 75 195 59 84 

1 wk 61 117 75 165 54 69 

1 mo 42 80 17 171 35 58 

2mo 30 63 345 105 30 46 

3 mo 24 59 352 105 23 51 

6 mo 15 58 ‘a5 of 16 30 

lyr 18 46 18 12 


age 2 months. Similar observations were reported for 
premature infants by Walshe* but the full-term in- 
fants described by Ziegler® did not show an increas- 
ing QRS duration with age during the first year of 
life. 

Q-T interval: The mean Q-T interval of 0.27 
second at birth decreased to a low value of 0.23 sec- 
ond between the ages of 1 week and 2 months and 
then gradually increased with age (Table D). How- 
ever, the 1 year mean of 0.26 second did not quite 
equal the mean value seen at age 24 hours. No ex- 
planation can be offered for the strikingly long 95th 
percentile Q-T interval of 0.36 second at age 24 
hours. Ziegler’s data8 on full-term infants show a 
similar trend, although the Q-T intervals were 
slightly longer at any comparable examination peri- 
od. 

There appears to be an inverse relation between 
heart rate and Q-T interval. As heart rate increases, 
the Q-T interval decreases. These changes in the du- 
ration of the Q-T interval appear to be related not 
only to changes in the S-T segment, but also to 
changes in the duration of the T wave (‘Table G). 

P wave duration in lead II: The mean duration 
of the P wave in lead II was constant at 0.04 second 
for the first 2 months of life and then increased to 
0.05 second throughout the remainder of the first 
year (Table E). The 95th percentile value for dura- 
tion of 0.06 second at age 24 hours was the same as 
the 95th percentile value at age 3 months. This 
greater variation in the data at age 24 hours, as re- 
flected by the greater difference between the dura- 
tion values of the 5th and 95th percentiles, cannot be 
explained but was also seen in Ziegler’s data® for 
full-term infants. However, at all ages, the P wave 
duration was shorter for premature infants than at 
the corresponding time for full-term infants; this 
finding may be due to the larger atrial muscle mass 
for the full-term infant at any given extrauterine age. 

Duration of the 2 components of the P wave in 
lead V;: Except for a brief period at age 2 months, 
the mean duration of the first component of the P 
wave was always greater than that of the second 
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Horizontal Vector 


First Second 
Horizontal Vector 
Percentile Percentile 
no. of Prevalent 
5th 95th Infants Direction 5th 95th 
338 240 16 239 
295 220 15 233 ýt r 
332 216 21 231 191 332 
340 115 13 232 
340 60 8 231 
346 108 2 223 
1 240 
2 253 
TABLE V 
T Vectors (in degrees) 
Frontal Plane Horizontal Plane 
no. Preva- no. Preva- 
of lent : of lent , 
centil Percentile 
Ageof In- Dire EEPE In- Direc- Sisko ae 
Infants fants tion 5th 95th fants tion 5th 95th 
24 hr 52 41 319 84 56 314 240 111 
72 hr 65 28 315 60 61 318 241 101 
lwk_ 60 31 345 75 59 335 290 15 
lmo 42 53 30 75 36 346 281 52 
2mo 30 43 353 67 30 334 259 15 
3mo 24 47 19 74 24 335 295 14 
6mo 14 41 A," Age" 15 333 
lyr 18 46 roe ny 18 343 


component (Table Fa, b). Duchosal et al.16 have di- 
vided the P wave into 3 time periods; the first por- 
tion is produced by the right atrium and the third 
portion by the left atrium; the middle portion is a 
result of events in both atria. In general, as usually 
seen in lead Vj, the first portion of the P wave can 
be considered to be due primarily to depolarization 
of the right atrium, and the second portion primarily 
to depolarization of the left atrium. Confirming data, 
particularly in the abnormal situation, are difficult 
to obtain, especially when there is hypertrophy of 
one of the atria. 

T wave duration: The mean T wave duration 
gradually decreased from 0.14 second at age 24 hours 
to 0.11 second at age 3 months then gradually in- 
creased to 0.13 second at age 1 year (Table G). Par- 
allel changes were also seen in the range between the 
5th and 95th percentiles at the various examination 
points during the first year of life. Comparable T 
wave durations for the healthy full-term infants de- 
scribed by Ziegler? were longer at any given age and 
also showed a decrease after age 24 hours followed by 
a gradual increase. Thus, there appears to be an in- 
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TABLE VI i 
Initial QRS Vectors (in degrees) 


Oe 


i Frontal Plane Horizontal Plane 
Age of no. of Prevalent di am no. of Prevalent Peels 
Infants Infants Direction D 5th 95th Infants Direction D 5th 95th 
Me DR OO RS A ee a ee eee ee eee a 
29 hr 63 321 0.70 255 99 62 75 0.85 39 160 
72 hr 66 318 0.67 255 75 64 78 0.78 340 160 
1 wk 61 297 0.73 169 41 58 90 0.77 340 160 
1 mo 42 291 0.60 139 71 37 96 0.59 340 160 
2 mo 30 297 0.58 157 89 29 95 0.67 340 160 
3 mo 24 297 0.51 120 86 24 103 0.68 340 160 
6 mo 15 300 0.68 15 109 0.86 
lyr 18 348 0.29 17 104 0.71 


OR Pg lh, Re Be Py Se. ee SL Oe Re Oe SEL a ee ee mere 


D = value for precision. 


verse relation between T wave duration and heart 
rate. 

Amplitudes of the P wave in lead II: The strik- 
ing finding was a mean P wave amplitude that was 
greater during the first week of life than during the 
remainder of the first 2 months of life and that grad- 
ually increased during the rest of the first year (Ta- 
bles II and H). The greater mean amplitude of the P 
wave during the first week of life could be a reflec- 
tion of the increased pulmonary vascular resistance 
(P pulmonale) present at birth.1719 The decrease in 
the amplitude of the P wave after the first week of 
life appears to parallel the decrease in pulmonary 
vascular resistance after birth.18 This view is sup- 
ported by the observation by Emmanuoilides et al.?° 
that P wave amplitude is greater in infants with pul- 
monary arterial pressure greater than 30 mm Hg. 

Since the pulmonary vascular resistance at birth is 
greater in full-term infants,17 one would expect to 
see an even more exaggerated decrease in the mean 


TABLE VII 


QRS Loop Rotations (in percent) at Various Ages During the 
First Year of Life 





Horizontal Plane 





Figure-of- 
8 
Age of ee Initially Narrow* 
Infants C(%) COR) CCK) CO%) CC(%) Loop (%) 
24 hr 97 3 1:5 11 34 54 
72 hr 98.5 1.5 1.5 16.5 43.5 39 
1 wk 97 3 a 21.5 54 24.5 
l mo 97.5 2.9 2.9 17 51 29.5 
2mo 93.5 6.5 3.5 30 53.5 13.5 
3mo 100 4.5 29 62.5 4 
6 mo 100 6 37.5 50 6 
lyr 100 55 61 28 5.5 





* Indicates presence of a QRS loop so narrow that the specific 
rotation has no Significance. 
C. = clockwise; CC = counterclockwise. 


60 ° 


P wave amplitudes in these infants after the first 
week of life. However, the mean P wave amplitudes 
of the full-term infants described by Ziegler® did not 
show a decrease after the first week of life. Instead, 
there was a gradual increase in mean voltage from 
0.15 mv at age 24 hours to 0.18 mv at 1 year. The 


TABLE VIII 
QRS Magnitudes (in tenths of millivolts) 


no. of 














ee ae Nag De aaa T are Pee 
Infants fants Wave 5th 95th Infants Wave 5th 95th 
Lead V; (X Axis) 
nb Eees 2,50 12.6 Gl 6:8 0.06 17.6 
Fate “Gace 2:6: MO °. 64 6.5 1.0 16.0 
twk "361 on8-7.'.03.8 16.8 56. - 6.8 0.00 15.0 
Imo S ieisc0’ '.6:2.-2h:6 -38 76:2 A: 14.0 
2mo WERS - 12.0 I5 29 7.0 0.96 15.0 
moses. 96.6. .315. 28 8.2 1.3 21.4 
6mo 16 20.3. 1oy “6:8 
Lyr --48. 347.5 17 3.0 
Lead aVF (Y Axis) 
24hr. 3°67" 0.85 16.6 ‘2 0.9. 6.00 4.5 
hy. Gaeta, D.86 -IkD ~—.3%:, 1.2 0.00 5.5 
wk 61.2 376 -:3. 14.1. -30 0.:99;- 0.0 3.3 
Tmo 427°"°950 1.8 2.8 2 £40,8 0.00 4.0 
2mo- 30) 10.0. 1.2 21:7 13. 0% «68:00 5.3 
Sier~2e. STi. 3.9. 23.0 1A OFF», D200 3.8 
6mo 16 = 12.0 9 0.53 
Lyi: vis. a 9 0.56 
Lead Və (Z Axis) 
Mhi (6h A... 3S .. 21:3 ‘65. ..15.0 2.5 26.5 
Fane 66 ta) 6.0 20.8 66: - 15.5 2.6 26.0 
tuk 56. ea 4.0 20.5 6 124.0 3.0 25.0 
Tmo: 44.4554 °°" 8:3 21.0 41.° 4.0 5.1 26.3 
7 mio. uses eee” 8G. C820... D. Va 8.0 34.5 
mo “2s, 20-8. 18:3 » 30.0 - -23, , 16.2 6.0 37.6 
6mo 16 20.6 16. -18:5 
Lyr be RS 18 16.0 
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same pattern of P wave amplitude changes that 
occur in premature infants is seen when Ziegler’s 
95th percentile data® are analyzed. It is not known 
why these changes are not apparent in mean P wave 
magnitude of full-term infants. Perhaps the effects of 
proximity and increased skin impedance play a role. 

Amplitude of the initial upward and terminal 
downward deflections of the P wave in lead V;: 
There was a gradual decrease in the mean magni- 
tude of the initial upward component of the P wave 
from 0.08 mv at age 24 hours to 0.05 mv at age 1 
year (Table Ja). At the same time there was a grad- 
ual increase in the mean magnitude of the terminal 
downward deflection from 0.02 mv at age 24 hours to 
0.05 mv at age 1 year (Table Jb). In general, the 
right atrium was represented by the positive initial 
upward P wave deflection, and the left atrium by the 
terminal downward P wave deflection.1® Thus, the 
gradual increase of muscle mass of the left atrium 
with age compared to findings in the right atrium?! 
was better reflected by the amplitudes of the initial 
and terminal deflections of the P wave in lead V, 
than by their duration. 

P wave vectors: The prevalent direction of the 
main P wave vector in both the frontal and horizon- 
tal planes showed only minor variations during the 
first year of life (Tables III and Ka, b). The very high 
precision value (D) indicated that most observations 
clustered about the prevalent direction, whereas the 
high chi-square value indicated the significance of 
this precision. 

At all ages, the frontal plane main P wave vector 
of the premature infants was directed more to the 
left and superiorly than the corresponding frontal 
plane main P wave vectors in the healthy full-term 
infants described by Ziegler.* Horizontal P wave vec- 
tors were not measured in Ziegler’s patients. 

QRS vectors: As reflected in the frontal plane 
mean QRS vector and the first horizontal plane vec- 
tor, the prevalent direction gradually changed to the 
left after age 72 hours (Tables IV and La, b, c). 
However, there was a wide variability among pa- 
tients as seen in the wide range between the 5th and 
95th percentile angles in both planes. This range was 
manifested by a low level of precision (D), especially 
during the first week of life, in the horizontal plane. 
The wide range between the 5th and 95th percentiles 
in the main QRS vectors of the first horizontal plane 
can possibly be understood when one realizes that all 
the main QRS vectors in the horizontal plane were 
analyzed together. This analysis included findings in 
patients who had only 1 QRS main vector in the hor- 
izontal plane and in approximately 25 percent of all 
patients who had 2 main QRS vectors in this plane. 
Generally speaking, in the latter patients, the initial 
vectors were directed anteriorly and to the left, 
whereas the second vector was directed posteriorly 
and to the right. In contrast, in patients who had 
only 1 main QRS vector in the horizontal plane, this 
vector was oriented more anteriorly and to the right. 

The presence of 2 main vectors in the frontal plane 
Was also frequently noted but, since standard meth- 


ods of constructing the “mean” frontal plane were 
utilized, these vectors were not recorded. The 
“main” vector has more electrophysiologic signifi- 
cance than the “mean” vector because a. more left- 
ward prevalent direction apparently represents a 
greater left ventricular muscle mass relative to the 
right ventricular muscle mass. QRS main vectors or 
prevalent directions are more leftward at any given 
age in premature infants than in the healthy full- 
term infants described by Ziegler? and Namin and 
Miller.?2 This observation is consistent with less 
right ventricular predominance in the premature 
than in the full-term infant, as demonstrated in the 
Frank vectorcardiograms,! and supports recently re- 
ported pathologic data.17:28.24 

T wave vectors: The frontal plane main T wave 
vector is maximally superior at ages 72 hours and 1 
week, and then becomes more inferior (Tables V and 
Ma, b). At age 1 month it is maximally inferior, as 
well as minimally posterior, as seen in the horizontal 
plane. This general change to the anterior is also 
found in full-term infants, but in Ziegler’s full-term 
infants,® the main T wave vector appeared to be 
equally inferior throughout infancy. 

Initial QRS vectors in the frontal and horizon- 
tal planes: For the determination of the direction 
of the initial forces, simultaneously recorded leads 
would have contributed to greater accuracy, but, 
even so, pertinent observations can be made. In pre- 
mature infants, the frontal plane data demonstrated 
that the prevalent direction of the initial forces was 
to the left and superior at age 24 hours and then 
gradually shifted to the right and became further su- 
perior at ages 1 week and 1 month (Tables VI and 
Na, b). These changes were followed by a gradual 
return to a leftward and progressively more inferior 
direction throughout the rest of the first year of life. 
Data for precision (D) and percentiles showed wide 
variability in the angle of the initial deflection. 

The prevalent direction of the initial forces in the 
horizontal plane showed the main QRS vector to be 
directed anteriorly and to the left at age 24 hours. 
The initial QRS vector became progressively more 
anterior during the remainder of the first year and 
was also directed to the right by age 1 month (Table 
VI). 

The left-right disparity between the initial forces 
in both planes suggests that the 2 planes (actually 2 
different lead systems in standard electrocardiogra- 
phy) do not reflect left-right forces with equal accu- 
racy. The data imply that findings in the horizontal 
plane are more accurate because we know that by 
age 1 month?* the left ventricle should be predomi- 
nant over the right ventricle and, since the pathways 
of depolarization are understood, we know that the 
initial forces should be directed anteriorly and to the 
right. The Berger scalene triangle? shows that, in the 
frontal plane, lead I is not truly a left-right lead, but 
is directed from the right and inferiorly and to the 
left and superiorly. Thus, superior-inferior forces 
may contribute significantly to the axis distortion in 
standard electrocardiographic frontal plane. 
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The fact that a relatively smaller number of pa- 
tients showed initial forces directed toward the left 
at age 24 hours in the vectorcardiographic study of 
healthy premature infants by Liebman et al.! seems 
to point to the greater accuracy of the Frank vector- 
cardiogram in determining the direction of the initial 
forces. On the other hand, the direct-writing equip- 
ment used in their study had a frequency response of 
only 50 cycle/sec. It is possible that photographic 
equipment with a high frequency response might 
have recorded the initial forces differently. 

Rotation of the frontal and horizontal vector 
loops: The rotation of the frontal loop was clock- 
wise in more than 90 percent of the infants during 
the first 3 months of life and was clockwise 100 per- 
cent of the time at ages 6 and 12 months (Table 
VII). In the horizontal plane, 54 percent of the loops 
were narrow, with an indeterminate initial rotation 
at age 24 hours. Only 11 percent of the infants stud- 
ied at age 24 hours had counterclockwise horizontal 
plane loops. There was a gradual trend toward a 
counterclockwise loop in the horizontal plane so that 
by age 3 months in 91.5 percent all loops, or at least 
the initial loop, were counterclockwise. 

QRS magnitudes: The relative amplitudes of the 
Q, R and S wave deflections are a reflection of the 
change in muscle mass and the related changes in 
the electrical activity of the heart as a multipolar 
generator. Other modifying changes in voltage mag- 
nitude are the chest wall, reflecting the greater resis- 
tance to electrical transmission as a result of the 
thickness of the chest wall musculature, the keratin 
layers of the skin and the interposition of lung, blood 
and air between the recording electrodes and the 
heart. 

Voltages, representative of the X, Y and Z axes, 
will be presented. The X axis, as previously men- 
tioned, is best represented by precordial lead Vs. 
The Y axis is best represented by the augmented 
lead aVF, whereas precordial lead V21!9:?° best re- 
flects anterior-posterior forces (Z axis). However, 
standard electrocardiographic studies probably pro- 
vide no reasonably reliable Z axis. 

As can be seen in Table VIII, R/S ratios in lead V5 
showed a greater degree of left ventricular predomi- 
nance in premature infants at any age up to 6 
months compared to that in the healthy full-term in- 
fants described by Ziegler.® The Y axis gradually be- 
came more inferior during the first 6 months of life 
and then became less inferior by 1 year of age (Ta- 
bles VIII and O). In the Z axis, best represented by 


lead Vo, there was a gradual and progressive increase 
in the magnitude of the anterior forces (R in V2) 
during the first 6 months of life, and then a small 
but definite decrease by age 1 year. The posterior 
forces (S in V2) showed an irregular variability dur- 
ing the first year of life. However, R/S ratios in lead 
Və at the various time intervals showed a relative in- 
crease in anterior forces over posterior forces during 
the first 3 months of life. This change was followed 
by a progressively greater increase in posterior forces 
over anterior forces at ages 6 months and 1 year, so 
that at age 1 year, the mean magnitudes of the ante- 
rior and posterior forces were approximately equal. 
Emery and Mithal?* have shown in pathologic stud- 
ies, that by age 1 month, the left ventricle (LV) is 
clearly dominant in wall thickness over the right 
ventricle (RV) and that by age 10 months, the 
LV /RV ratio is 1.5:1.0. The continued dominance of 
anterior forces compared to posterior forces on the 
electrocardiogram up to age 6 months can be ex- 
plained only by the effects of proximity. Comparison 
of our data on premature infants with Ziegler’s data® 
on full-term infants reveals that in our data precor- 
dial voltages in leads V1, V2, V4 and V5 were signifi- 
cantly less during the first few months of life. This 
finding is probably a reflection of the smaller ven- 
tricular muscle mass of the premature infant during 
the first few months of life. 

T wave magnitudes: The magnitudes of the T 
waves were greater at any given age for the full-term 
infants described by Ziegler® than for our premature 
infants (Table P). This finding could be due to the 
larger ventricular muscle mass that has to be repo- 
larized in the full-term infant than in the premature 
infant at the same age. However, other unknown fac- 
tors could also be responsible. 

Conclusions _ 

From this study, several conclusions can be drawn. 
(1) Heart rates of premature infants and full-term 
infants at various examination points during the first 
year are comparable. (2) The electrocardiogram of 
the premature infant shows less right ventricular 
predominance at birth than the electrocardiogram of 
full-term infants. Consequently, the use of standards 
for reading electrocardiograms in healthy full-term 
infants will lead to overreading left ventricular hy- 
pertrophy in premature infants. (3) During the first 
several months of life the QRS interval shows less 
anterior and less rightward voltage in the electrocar- 
diograms of premature infants than in those of full- 
term infants. 
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An opening snap is most often associated with either mitral or tri- 
cuspid valvular stenosis. A study using the simultaneous graphic re- 
cording of mitral valve motion by echocardiography along with the 
phonocardiogram and the left ventricular apex cardiogram has pro- 
vided evidence supporting the existence of a mitral valve opening 
snap in the following cardiac conditions: (1) tricuspid atresia with a 
large atrial septal defect; (2) idiopathic second and third degree 
heart block; (3) ventricular septal defect; (4) mitral regurgitation; 
(5) thyrotoxicosis; and (6) tetralogy of Fallot occurring after a Bla- 
lock-Taussig procedure. 

In each condition the opening snap occurred 90 to 110 msec after 
appearance of the aortic component of the second heart sound on 
the phonocardiogram, and it coincided with the point of maximal de- 
scent of the anterior leaflet of the mitral valve as shown by the 
echocardiogram and the 0 point on the apex cardiogram. The pul- 
monic closure sound was identified in each case as a separate 
sound. An exaggerated third heart sound was thought not to be the 
cause of this high to mid-frequency diastolic sound since it consis- 
tently occurred before the peak of the rapid filling wave. None of the 
patients had mitral stenosis, as determined by cardiac catheteriza- 
tion in 2 patients and by echocardiography in 4. 

The common hemodynamic factor responsible for the abnormal 
sound seemed to be excessive blood flow across the mitral valve 
into a normal left ventricle. This study confirms previous impressions 
that opening snaps may be found in a variety of apparently unrelated 
cardiac conditions, and it demonstrates yet another use for echocar- 
diography. 


Bouillaud! in 1835 first described an early diastolic high frequency 
sound in mitral stenosis. In 1888 this sound was called claquement 
d’ouverture de la mitrale by Rouchés.? Since that time, the term 
opening snap has been generally used to describe the sharp noise as- 
sociated with the opening of a stenotic mitral or tricuspid valve in 
patients with rheumatic heart disease. Such high frequency sounds 
have been occasionally observed in the absence of atrioventricular 
(A-V) valvular stenosis. 

Leatham and Gray? noted a sharp early diastolic sound in 10 of 40 
patients with atrial septal defect. They reasoned that this sound 
might have been a tricuspid opening snap since it coincided with the 
peak of the V wave on the right atrial pressure tracing in 1 patient. 
Recently, Leatham and his co-workers‘ provided evidence that the 
mid-diastolic sound often heard in Ebstein’s anomaly is probably a 
tricuspid opening snap. Diastolic sounds of mid- and high frequency 
called opening snaps have also been noted infrequently in patients 
with mitral regurgitation,®:® patent ductus arteriosus‘ and ventricu- 
lar septal defects. This report provides evidence that in various 
types of heart disease there is an early diastolic sound associated 
with increased flow across a nonstenotic mitral valve. 
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FIGURE 1. Case 1. Tricuspid atresia and atrial septal defect 
with a large right to left shunt. An opening snap (O.S.) is seen 
best recorded in the lower phonocardiogram taken at the left 
sternal edge (PCG-LSE). This sound coincides in timing with 
the E point on the echogram of the anterior leaflet of the mitral 
valve (MVB) and occurs before the peak of the rapid filling 
wave (RFW) near the 0 point on the left ventricular apex car- 
diogram (APEX). 


Material and Methods 


Six patients with different types of heart disease, each 
with a high frequency early diastolic sound but without 
A-V valvular stenosis, are described. The 6 conditions as- 
sociated with mitral valve opening snaps are as follows: 
(1) tricuspid atresia with a large atrial septal defect, (2) 
idiopathic second and third degree A-V block, (3) ventric- 
ular septal defect, (4) mitral regurgitation, (5) thyrotoxi- 
cosis, and (6) tetralogy of Fallot occurring after a Blalock- 
Taussig procedure. Although a variety of causes is pre- 
sented, the common denominator responsible for the 
auscultatory findings is increased blood flow across a nor- 
mal mitral valve into a normal left ventricle. 

The graphic recordings were made with a Cambridge 6 
channel Physiological Recorder in a sound-conditioned 
room using Kodak Paper RP 30 at a paper speed of 100 
mm/sec. The frequency response of the amplifier was +3 
decibels at a rate of 60 to 600 cycles/sec. Most recordings 
were taken at medium frequency or about 350 cycles/sec. 
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The heart sounds were amplified and graphically regis- 
tered after being received from various locations on the 
chest wall with use of a Leatham microphone. The latter 
consists of a piezo-electric high impedance crystal fitted 
in an aluminum cap surrounded by a suction chamber. 
Lead II of the electrocardiogram was used in all cases. 
The left ventricular apex cardiogram was recorded using a 
pressure-sensitive diaphragm and a Hellige transducer 
(time constant more than 3 seconds) to convert the pulse 
wave form to an electrical signal for amplification and re- 
cording by the Cambridge machine. The patient was 
placed in the left lateral decubitus position at an angle of 
about 45° for this observation. 

The signal from the anterior leaflet of the mitral valve 
was obtained by previously described techniques® using an 
Ekoline 20 diagnostic ultrasonoscope with a 2.25 mega- 
Hertz transducer, 0.50 inch in diameter. A time analog 
module was employed to translate the mitral valve motion 
from the cathode ray tube display of the Ekoline 20 ma- 
chine into voltages suitable for driving the Cambridge re- 
corder. This module permits selection of a single desired 
echo which can be placed inside a limited area called a 
gate. One is then able to exclude interfering echoes and 
transfer the single line mitral valve leaflet echo to the 
Cambridge recorder for graphic representation simulta- 
neously with other electrical, sound or pulse wave phe- -/ 
nomena. 


Results 


Simultaneous graphic recordings of the heart 
sounds, electrocardiogram, left ventricular apex car- 
diogram, and ultrasound recording from the anterior 
leaflet of the mitral valve demonstrated in all 6 pa- 
tients that the early diastolic noise or opening snap 
coincided with the peak opening or the maximal an- 
terior descent of the anterior mitral valve leaflet and 
at or near the time of the 0 point at the apex cardio- 
gram before the peak of the left ventricular rapid 
filling wave. The temporal relation of this sound 
with other cardiac events as illustrated by graphic 
recordings (Fig. 1 to 7) has made it possible to iden- 
tify this sound as an opening snap of the mitral 
valve. 





FIGURE 2. Case 2. Third degree A-V heart block with an intermittent opening snap. The mo- 

tion of the anterior leaflet of the mitral valve (MVE) is influenced by the timing of atrial contrac- 

tions that follow the P waves. An anterior motion of the valve (A) is seen with each P wave. When 

the P wave occurs at approximately the same time as the second sound (2), the anterior move- 

ment of the valve resulting from atrial systole coincides with the expected opening in early dias- 

tole. This is seen in the last 2 cardiac cycles during which the peak open position of the mitral 
3 valve is associated with a diastolic sound (O.S.) not seen in the previous cycles. 
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FIGURE 3. Case 2. Second degree A-V heart block. In this 
tracing one of the P waves on the electrocardiogram (ECG |l) 
occurs regularly at about the time of initial diastolic mitral valve 
opening as seen by the simultaneous mitral valve echo (MVE). 
As the valve reaches its peak open position an opening snap is 
recorded, best seen in the lower phonocardiogram recorded 
from the mitral area (PCG-MA). 
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FIGURE 4. Case 3. Ventricular septal defect. The upper 


graphic record shows the early diastolic sound (O.S.) occurring 
at the time of peak open position of the anterior leaflet of the 
mitral valve (E of MVE). The second cardiac cycle is interrupted 
by a premature atrial contraction (P’) which, because of its tim- 
ing, causes a more abrupt opening and a larger excursion of the 
anterior leaflet of the mitral valve (MVE) and a very loud open- 
ing snap (LOUD O.S.). If this sound were P2 one would not ex- 
pect an increase in intensity of pulmonic valve closure with an 
atrial premature beat. The lower tracing shows a prominent 
opening snap (O.S.) in the recording obtained from the left ster- 
nal edge (PCG-LSE) occurring at the time of the 0 point on the 
left ventricular apex cardiogram (APEX). 





PCG LSE 


APEX 


ECG I 





FIGURE 5. Case 4. Mitral regurgitation. An early diastolic 
sound (O.S.) is shown to be loudest in the phonocardiogram 
obtained from the left sternal border (PCA-LSE) and occurs at 
the 0 point on the simultaneously obtained left ventricular apex 
cardiogram (APEX) before the peak of the rapid filling wave 
(RFW). The apex cardiogram demonstrates a deformity which is 
characteristic of the mid-systolic click-late systolic murmur syn- 
drome consisting of a notch at the time of the click followed by 
a low shoulder during the remainder of systole. !? 
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FIGURE 6. Case 5. Thyrotoxicosis. The phonocardiogram re- 


corded from the upper left sternal edge (PCG-LSE) shows Ao, 
Pə and the opening snap (O.S.). The opening snap is coincident 
in timing with the E on the mitral valve echo (MVE) and occurs 
near the 0 point of the left ventricular apex cardiogram (APEX). 


Case 1. Tricuspid Atresia with Atrial Septal Defect 


A 33 year old white man with cyanotic congenital heart 
disease underwent catheterization in 1965 and was found 
to have tricuspid atresia, a large atrial septal defect, a 
ventricular septal defect and a hypoplastic right ventricle. 
The left atrial and left ventricular diastolic pressures were 
normal. An anastomosis of the superior vena cava to the 
right pulmonary artery performed at that time resulted in 
excellent improvement in exercise tolerance and an in- 
crease in arterial oxygen saturation. 

On examination a grade 4/6 holosystolic murmur was 
present maximally at the left sternal edge. The second 
heart sound was loud and single. A loud snapping high 
frequency sound heard in early diastole was maximal at 
the lower left sternal edge. 

A phonocardiogram with simultaneous electrocardio- 
gram, apex cardiogram and mitral valve echocardiogram 
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showed the early diastolic sound to occur at the time of 
the peak open position of the mitral valve and before the 
peak of the rapid filling wave (Fig. 1). 

With tricuspid atresia and large atrial septal defect, 
there is a marked increase in blood flow across the mitral 
valve. The increase in volume of blood in the left atrium 
together with a normal left ventricular diastolic pressure 
causes the mitral valve to open with greater than normal 
velocity. The snap occurs just after the valve leaflets 
reach the point of maximal excursion and come to an 
abrupt halt as is the case in mitral stenosis. 1° 


Case 2. Atrioventricular Block 


A 31 year old black man with diabetes was seen because 
of an infiltrate, thought to be due to tuberculosis, in the 
left upper pulmonary lobe. Two years previously, an elec- 
trocardiogram had disclosed complete heart block. There 
was no history of hypertension, rheumatic fever, chest 
pain, syncope or symptoms of congestive heart failure. 

Examination revealed a healthy appearing man with a 
blood pressure of 110/84 and a regular heart rate of 36 
beats/min. The venous pulse was marked by intermittent 
cannon A waves. The carotid pulse was bounding. The 
first heart sound was variable in intensity. The second 
sound was split physiologically. A loud intermittent snap- 
ping sound in early diastole was maximal at the left ster- 
nal edge. A grade 2/6 systolic ejection murmur was heard 
maximally at the upper sternal borders. 

The initial electrocardiogram revealed third degree A-V 
block with a ventricular rate of 36 beats/min and normal 
QRS duration. On the second hospital day 2:1 A-V block 
developed. 

Phonocardiography with simultaneous recording of the 
electrocardiogram and of the echocardiogram of the ante- 
rior leaflet of the mitral valve documented the relation of 
the diastolic sound to opening of the mitral valve rather 
than to closure of the semilunar valves (Fig. 2 and 3). 
Transient second and third degree heart block was associ- 
ated with intermittent high frequency diastolic sounds 
that we term opening snaps. The opening snap is seen to 
occur only when atrial contraction coincides with the ini- 
tial abrupt mitral valve opening in early diastole. Atrial 
contraction at this precise time in the cardiac cycle re- 
sults in opening of the mitral valve leaflets with a greatly 
increased force and velocity. When atrial contraction oc- 
curs later in diastole no sound is recorded. As the mitral 


valve leaflets reach their maximal anterior descent, the. 


abrupt tensing of the valve cusps results in an audible and 
easily recordable snap. This situation is analogous to that 
in mitral stenosis except that the mitral valve is normal. 
An apex cardiogram recorded separately demonstrated 
that the sound occurred at the 0 point before the peak of the 
rapid filling wave. 


Case 3. Ventricular Septal Defect 


A 52 year old white man with a heart murmur since 
birth and no evidence of congestive heart failure, cyanosis, 
clubbing or syncope was admitted for cardiac catheteriza- 
tion. 

Physical examination revealed a blood pressure of 160/ 
60 mm Hg. There was a left parasternal lift and a systolic 
thrill along the upper left sternal border. The first sound 
was normal. A loud mid-frequency sound heard in early 
diastole was maximal at the third left interspace. There 
was a grade 5/6 holosystolic crescendo-descrescendo mur- 
mur at the left sternal edge. The electrocardiogram 
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FIGURE 7. Case 6. Tetralogy of Fallot occurring after a Bla- 
lock-Taussig procedure. Preoperative phonocardiogram from 
1957 shows a systolic murmur (SM) in the tracing recorded from 
the left sternal edge (LSE) and no diastolic sounds. Postopera- 
tive phonocardiogram from 1972 demonstrates at the pulmonic 
area (PA) a loud continuous murmur. At the left sternal edge 
there is a systolic murmur (SM) and a loud opening snap (O.S.) 
in early diastole 90 msec from the aortic closure sound (A2). 
The opening snap occurs at the time of the peak open position 
of the anterior leaflet of the mitral valve (E) and of the 0 point 
of the left ventricular apex cardiogram (APEX). A fourth sound 
or atrial gallop (AG) is thought to arise from the right ventricle 
since it coincided with the A wave from a right ventricular apex 
cardiogram on another tracing. 


showed right ventricular hypertrophy and a right ventric- 
ular conduction delay with a QRS duration of 0.09 second. 
The chest roentgenogram demonstrated dilated pulmo- 
nary arteries with a large left atrium and ventricle. 

The phonocardiogram recorded from the left sternal 
edge showed a holosystolic murmur ending with the aortic 
component of the second heart sound which occurred 110 
msec before the early diastolic sound. This sound in turn 
was coincident with the 0 point on the left ventricular 
apex tracing as well as the E point on the mitral valve 
echocardiogram (Fig. 4). The pulmonary component of 
the second heart sound was identified as a separate sound 
on a phonocardiogram recorded from the upper left sternal 
edge. 

Cardiac catheterization revealed a pulmonic blood flow 
of 12.2 and a systemic blood flow of 3.7 liters/min. The 
right ventricular systolic pressure was 80 and the pulmo- 
nary arterial pressure 34 mm Hg, indicating mild to mod- 
erate pulmonic stenosis. 

The left to right shunt resulted in excessive blood flow 
across the mitral valve and caused the mitral valve leaf- 
lets to open with greater force and velocity. When the 
leaflets reached the point of maximal anterior descent, 
their movement halted abruptly and the rapid decelera- 
tion caused a vibration that was transmitted to the chest 
wall as an opening snap. +! 
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Case 4. Mitral Regurgitation 


A 24 year old asymptomatic medical student was found 
to have a heart murmur when examined for an upper res- 
piratory infection. There was no previous history of heart 
disease or rheumatic fever. 

Physical examination revealed that the left ventricular 
apex movement was bifid and hyperdynamic.!? A loud 
click in mid-systole and a grade 4/6 late systolic murmur 
was present along with a loud high frequency sound in 
early diastole. This diastolic sound was maximal along the 
left sternal edge and was loud in the mitral area. The 
chest roentgenogram and electrocardiogram were normal. 
The patient was diagnosed as having the late systolic 
click-systolic murmur syndrome with prolapse of a con- 
genitally abnormal mitral leaflet. 

In a phonocardiogram the pulmonary component of the 
second heart sound was identified in the pulmonic area 
and was found to be 40 msec from the aortic component. 
In addition, a high frequency diastolic sound occurred 90 
msec from the aortic closure sound and was transmitted 
to the mitral area. The sound occurred coincident with 
the 0 point on the left ventricular apex cardiogram (Fig. 
5), and at the time of peak open position of the mitral 
valve leaflet as determined by echocardiography from a 
nonsimultaneous graphic record at an identical heart rate. 
The echocardiogram revealed an excessive mitral valve 
motion with a vigorous diastolic downslope that is in- 
consistent with mitral stenosis.13 The temporal relation of 
these phenomena in this patient with nonrheumatic mi- 
tral regurgitation is strong suggestive evidence that the 
diastolic sound here, as in the other conditions, is a mitral 
valve opening snap. 


Case 5. Thyrotoxicosis 


A 21 year old black woman had been in good health 
with no past history to suggest heart disease or rheumatic 
fever. Because of palpitations, progressive weakness, a 10 
lb weight loss and a growing lump in the neck she was re- 
ferred to the endocrine clinic. Examination revealed a 
tremulous, thin girl with warm, moist skin and mild ex- 
ophthalmos. She had a blood pressure of 130/70, a heart 
rate of 110 beats/min, an active precordium, a split sec- 
ond sound, a fourth heart sound and a short systolic basal 
murmur. A T; was 8.4 mg% and a T3 was 47%. 

The simultaneous phonocardiogram, echocardiogram 
and apex cardiogram demonstrated a loud early diastolic 
sound, separate from the pulmonary component of the 
second heart sound. This sound appeared on the graphic 
record at the time of the peak open position of the anteri- 
or leaflet of mitral valve and near the 0 point of the left 
ventricular apex cardiogram (Fig. 6). Mitral stenosis was 
ruled out by a measurement of the diastolic downslope of 
the mitral leaflet.13 We therefore concluded that this was 
another example of a mitral valve opening snap occurring 
because of an increased velocity of blood flow across a 
normal mitral valve due to a high cardiac output. 


Case 6. Tetralogy of Fallot: Post Blalock-Taussig 
Procedure 


A 45 year old white man with tetralogy of Fallot was 
seen 11 years after a Blalock-Taussig operation. Before 
operation he had been severely incapacitated with symp- 
toms of congestive heart failure. A phonocardiogram ob- 
tained then with use of a twin-beam Sanborn recorder is 
shown in Figure 7. Since operation the patient has been 
able to work full time and live a nearly normal life. 


On recent examination the blood pressure was 160/60 
mm Hg. There was moderate clubbing and faint cyanosis 
of the nail beds. The carotid upstroke was abrupt and the 
pulse amplitude increased. A diffuse left parasternal 
heave and a forceful apical impulse with a palpable A 
wave were present. A mid-frequency early diastolic sound 
was heard maximally in the fourth left interspace. A loud 
fourth heart sound was also present. A grade 3/6 harsh 
holosystolic murmur was maximal at the lower left sternal 
edge. A grade 3/6 continuous murmur was loudest in the 
left infraclavicular area. The electrocardiogram and the 
chest roentgenogram were consistent with biventricular 
hypertrophy. The pulmonary arteries were dilated and the 
pulmonary vascular markings were greatly increased com- 
pared to findings on the preoperative roentgenogram. 

The phonocardiogram and mitral valve echocardiogram 
are shown in Figure 7. An early diastolic sound is recorded 
only in the postoperative tracing. The graphic recordings 
strongly suggest a mitral valve origin for the sound. This 
opening snap results from the mitral valve opening with 
greater than normal force and velocity because of the ex- 
cessive blood flow through the valve following the surgi- 
cally produced left to right shunt. Although this occur- 
rence is unusual, increased pulmonary blood flow, and 
even pulmonary hypertension, are reported to occur in a 
small percentage of patients after a Blalock-Taussig oper- 
ation. 14 

Discussion 

Cineangiographic studies by Ross and Criley?° and 
McCall and Price?® in patients with mitral stenosis 
have clearly demonstrated a close temporal relation 
between the opening snap and the mitral valve mo- 
tion. Angiograms showed that the snap corresponded 
with completion of mitral valve opening within 17 
msec in any cardiac cycle. This is long before the 
peak of the rapid filling wave of the left ventricular 
pressure tracing when a third sound would appear. 
Echocardiographic studies of the mitral valve have 
also demonstrated that the opening snap in mitral 
stenosis occurs at almost exactly the time the valve 
reaches its peak open position.!° Such observations 
have led to the widespread acceptance that the 
opening snap in mitral stenosis is a valvular sound. 
In mitral stenosis the pressure gradient responsible 
for the abrupt opening of the valve is exaggerated by 
the valvular obstruction. Our study supports previ- 
ous opinions that a normally mobile mitral valve is 
capable of producing the same snap if an excessive 
flow of blood causes the valve to open with an in- 
creased velocity. 

Differentiation from pulmonic component of 
second heart sound (P2): The opening snap heard 
in our 6 patients was thought to be a pulmonic clo- 
sure sound at the time of initial auscultation. Graph- 
ic records, however, provided evidence in all cases 
that the sound could not be P2. The reasons for this 
conclusion are as follows: (1) The phonocardiogram 
in these patients showed a wide separation of the 
aortic component of the second heart sound (Ag) 
from the opening snap ranging from 90 to 120 msec. 
(2) No patient had a right ventricular conduction 
delay sufficient to account for a delayed P2. (3) The 
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early diastolic sound was widely transmitted and 
was heard maximally at the lower left sternal border 
and apex and not over the pulmonic area. (4) The 
temporal relation between the diastolic sound, the 
peak open mitral valve position and the 0 point on 
the apex cardiogram remained constant at different 
heart rates. 

In 2 of the 6 patients, conditions associated with 
widening of the interval between A> and Pe» were 
known to be present. These were ventricular septal 
defect (Case 3) and mild to moderate pulmonic ste- 
nosis with mitral regurgitation (Case 4). In both 
cases, however, P2 could be identified as a separate 
sound and the opening snap was separated from Ag 
by 110 and 90 msec, respectively. 

Vogelpoel and Schrire!? showed that patients with 
ventricular septal defect who had right ventricular 
pressures of about 80 mm Hg usually had an A2-P2 
separation of 60 to 80 msec. A few exceptions were 
noted when there was infundibular stenosis or a di- 
lated pulmonary artery; then the Ag-P»2 interval was 
100 to 120 msec. Leatham and Weitzman!® reported 
the Aə-Pə interval between 60 and 100 msec when the 
right ventricular pressure was between 60 and 80 
mm Hg. It is possible that the sound in our patient 
represents P2, but the wide separation and loud in- 
tensity, the location of the sound on the chest wall, 
the timing characteristics and the accentuation of 
the intensity of the sound with a premature atrial 
contraction (Fig. 4) all favor this sound as being an 
opening snap. 

Perloff and Harvey® in a study of the auscultatory 
features of mitral regurgitation noted a maximal 
splitting of the Az—-P2 interval during deep inspiration 
of 80 msec. Therefore, the degree of separation of 90 
msec along with the other observations suggests that 
the diastolic sound in this patient is an opening snap 
rather than a pulmonic closure sound. 

In tetralogy of Fallot of the cyanotic variety, Pe is 
generally not heard or recorded owing to the low 
pressure existing in the pulmonary artery. After a 
Blalock-Taussig procedure, the increased blood flow 
to the lungs may be associated with sufficient eleva- 
tion of pressure to bring P2 above the threshold of 
audibility. In our Case 6, however, the extra sound 
noted in early diastole is not well seen in the tracing 
recorded from the pulmonary area (Fig. 7) but rather 
in that recorded from the lower left sternal border. 
Its temporal association with opening of the mitral 
valve leads us to believe that, like the other analog- 
ous sounds described, it represents an opening snap 
of the mitral valve. 

Differentiation from accentuated third sound: 
In complete heart block, the high frequency diastol- 
ic sound that has been observed is usually called an 
exaggerated third heart sound and is attributed to 
enhanced rapid left ventricular filling by a well 
timed atrial contraction.!%?! It is possible that in 
A-V dissociation, atrial contraction may be so timed 
that an exaggerated third sound may appear. Third 
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FIGURE 8. Rheumatic mitral and aortic regurgitation. The 
phonocardiogram recorded from the mitral area (PCG-MA) 
shows a third heart sound (S3) and a fourth heart sound (S4). 
The mitral valve echo (MVE) obtained simultaneously demon- 
strates movements of the anterior leaflet. The peak anterior po- 
sition (E) occurs about 65 msec before the third heart sound. 
The anterior motion of the valve leaflet (A) resulting from atrial 
contraction precedes the low frequency fourth heart sound. 


sounds, however, differ from opening snaps in fre- 
quency and in their temporal relation to motion of 
the mitral valve. The relation of this sound to mitral 
valve motion is illustrated by the ultrasound record- 
ing of the mitral valve from a patient with rheumatic 
mitral and aortic regurgitation (Fig. 8). The lower 
frequency third sound is seen to occur later in dias- 
tole than the opening snap, 65 msec after the mitral 
valve begins to close. In the graphic recordings (Fig. 
1 to 7) from all of the patients the time relation be- 
tween the diastolic sound and the mitral valve mo- 
tion provides evidence against its being a third 
sound. 

Recent studies?* have shown that the 0 point on 
the apex cardiogram does not coincide exactly with 
the mitral valve opening and the opening snap. The 
timing is close enough, however, to permit differen- 
tiation between an opening snap and a third heart 
sound. In all of our patients (Fig. 1 and 4 to 7) the 
sound in question does not appear at or even near 
the peak of the rapid filling wave of the apex cardio- 
gram as would be the case if this were a third sound. 

Clinical implications: The term opening snap is 
most often used for the sound caused by a stenotic 
mitral or tricuspid valve. The observations on these 
6 patients using ultrasound recordings from the an- | 
terior leaflet of the mitral valve simultaneously with 
other graphic recordings show that opening snaps 
may occur in clinical situations that cause excessive 
blood flow across normal A-V valves. This evidence 
permits one to postulate a common basic explana- 
tion for early diastolic high frequency sounds pre- 
viously unexplained and believed to be unrelated in 
a variety of cardiac conditions. 
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Analysis of the electrocardiograms of a patient with acute anterior 
wall myocardial infarction revealed the development of fixed left an- 
terior hemiblock and tachycardia-dependent intermittent conduction 
in the left posterior branch and right bundle branch systems, with a 
higher critical rate for conduction in the former system. The electro- 
cardiograms provided a classic illustration of this type of trifascicular 
block. Both grade | and type | (Mobitz) blocks of atrioventricular 
(A-V) conduction are attributed to conduction disturbance in the left 
posterior branch system. The distinction made between the function- 
al nature of type | (Mobitz) block and the organic nature of type Il 
block is criticized especially in the presence of a bundle branch 
block pattern. Failure of conduction of 3 consecutive impulses in the 
left posterior branch system, shown in some tracings, is attributed to 
3 different electrophysiologic mechanisms: (1) conduction through 
an incompletely repolarized posterior branch due to pathologic pro- 
longation of its functional refractory period (phase 3 block); (2) en- 
hanced phase 4 depolarization (phase 4 block); and (3) retrograde 
activation of the posterior branch by an impulse traveling down the 
right bundle. Regular alternation of the second and third mechanisms 
occasionally gave rise to long periods of consistent block in the pos- 
terior branch. Other tracings demonstrated that successful conduc- 
tion in the posterior branch could perpetuate transmission failure in 
the right bundle through retrograde activation of the right bundle 
branch system. The value of deductive analysis in unraveling com- 
plex disturbances of the cardiac rhythm is illustrated. 


Analysis of the complex nature of impulse conduction in the human 
heart has been carried out mainly through microelectrode studies in 
animal experiments and partly through the recently introduced 
catheter electrode technique. However, critical analysis of conven- 
tional electrocardiograms has contributed to better understanding of 
the electrophysiologic basis of impulse conduction and has many 
times proved its precedence over experimental data; the latter have 
simply substantiated earlier theoretical considerations. We recently 
analyzed the electrocardiograms of a patient with ischemic heart 
disease and intermittent trifascicular block. The records revealed the 
multiplicity of electrophysiologic mechanisms that influence impulse 
conduction in the bundle branch system. 


Report of Case and Analysis of Electrocardiograms 


Figure 1: A 48 year old man was first seen in September 1969 in the 
outpatient clinic when he gave a recent history of effort angina. Clinical ex- 
amination revealed no abnormality, and a resting electrocardiogram showed 
flat or low T waves in the limb leads (Fig. 1). The patient was admitted to 
the hospital 6 months later with severe retrosternal pain that radiated to 
the left shoulder. 
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FIGURE 1. Twelve-lead conventional electrocardiogram before 
development of acute myocardial infarction. 








FIGURE 2. A, left bundle branch block of the “divisional” type. 
B, 2:1 A-V block. The conducted beats display left anterior 
hemiblock and the blocked beats represent a trifascicular block. 
See text for details. Note the ST-T changes of acute anterior 
wall injury in the precordial leads. 


Figure 2: An electrocardiogram on admission showed 
sinus tachycardia (rate 107 to 115/min), a P-R interval of 
0.17 second and a left bundle branch block pattern (Fig. 
2A). A few hours later marked slowing of the pulse was ob- 
served and the electrocardiogram showed a somewhat slow- 
er atrial rate (90 to 95 a minute), 2:1 (atrioventricular) A-V 
block and disappearance of the left bundle branch block. 
The QRS complex measured 0.10 second and showed a QiS83 
pattern and a frontal plane axis of —30°. The precordial 
leads revealed a pattern consistent with acute anterior wall 
injury (Fig. 2B). With continuous monitoring, the atrial 
rate showed gradual slowing. There were frequent shifts in 
A-V conduction from 2:1 to 3:2 and 4:3 Wenckebach 
periods and to 1:1 A-V conduction. Changes in A-V con- 
duction were accompanied by changes in the QRS pat- 
tern, and both types of change were observed to depend 
on atrial rate. 

Figure 3: Five strips recorded within 15 minutes and 
arranged according to the atrial rate comprise Figure 3. 
Strip A shows an atrial rate of 90/min and 2:1 A-V re- 
sponse. The conducted beat has a P-R interval of 0.15 
second and shows an rS pattern in lead V1. Strip B shows 
a slightly slower atrial rate (83 to 86/min) and 3:2 A-V 
response. The opening beat of the Wenckebach period has 
a P-R interval of 0.15 second and shows an rS pattern, 
whereas the second beat is followed, after a P-R interval 
of 0:20 second, by an rsR’ pattern (right bundle branch 


block pattern). This pattern was not accompanied by any 
change in the frontal plane axis, which remained at about 
—30°. Strip C shows an atrial rate of 75 to 79/min with 
4:3 and 5:4 Wenckebach periods in the first half of the 
strip and 1:1 A-V response in the second half. During 
1:1 A-V response, the conducted beats show the right 
bundle branch block pattern and have P-R intervals of 
0.20 to 0.22 second. Strips D and E show further slowing 
of the atrial rate, with marked sinus arrhythmia in strip 
E. There is consistent 1:1 A-V conduction. The shortest 
P-P cycles are followed by a pattern of complete right 
bundle branch block and the longest P-P cycles by an rS 
pattern, whereas intermediate cycle lengths show various 
grades of right bundle branch block. 

Changes in the patient’s records obtained within the 
first 12 hours after acute myocardial infarction can be in- 
terpreted as follows: The 3 main QRS patterns observed 
are explained by conduction in 1 or 2 of the 3 main fasc- 
icles of the intraventricular conduction system. The QRS 
pattern in Figure 2B represents pure left anterior hemi- 
block. This finding suggests that the pattern of complete 
left bundle branch block in Figure 2A represents a ‘“‘divi- 
sional” block,! that is, combined block in the anterior and 
posterior divisions of the left bundle branch system rather 
than involvement of its short main trunk. The conducted 
beats showing right bundle branch block with left axis de- 
viation in the frontal plane represent combined right bun- 
dle branch block and left anterior hemiblock. 

Figure 4: The different patterns of A-V response ob- 
served on the day after admission are shown diagrammat- 
ically in Figure 4. The diagram shown at the bottom of 
each strip is a modification of that of Massumi and Rios? 
in which conduction in the 3 fascicles of the intraventricu- 
lar conduction system is represented by 3 horizontal lines 
that begin at the onset of the P waves and indicate, from 
the top down, conduction through the left anterosuperior 
branch (S), left posteroinferior branch (I) and the right 
bundle branch (R). Successful conduction is represented 
by an arrow with a length corresponding to the conduction 
time through the bundle branch; failure of conduction is 
indicated by double vertical bars. The diagram illustrates 
that during 2:1 A-V response there is simultaneous 2:1 
conduction in the right bundle and the posterior branch 
with consistent block in the anterior branch. When the si- 
noatrial rate slows slightly, conduction “improves” in the 
posterior branch, where it becomes 3:2 or 4:3 with a 
Wenckebach type of transmission. The apparently para- 
doxical situation, that conduction simultaneously “deter- 
iorates”’ in the right bundle, where it becomes 3:1 or 4:1, 
can be simply explained by retrograde activation of the 
right bundle branch system by the impulse traveling down 
the posterior branch (represented by a curved arrow). 
This event “shifts” the effective refractory period of the 
right bundle and makes it unresponsive to the next sinoa- 
trial impulse. In appropriate circumstances, this mecha- 
nism can result in repetitive block in the right bundle (see 
Fig. 3, C and D), and conduction failure in the right bun- 
dle will be “linked to” or “perpetuated by” successful 
conduction in the posterior branch. 

Critical analysis of Figure 3 reveals that conduction in 
both the posterior branch and the right bundle is rate- 
dependent. However, critical rates for conduction in the 2 
systems differ widely, with the posterior branch showing a 
higher critical rate. At an atrial rate of 75/min (P-P cycle 
of 79)* or less, there is 1:1 response in the posterior 


*All time intervals are expressed in hundredths of a sec- , 
ond. 
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FIGURE 3. 
text for details. 


branch though with a delayed type of conduction (grade I 
block); at higher rates there is either a Wenckebach type 
of response or a 2:1 conduction ratio. In contrast, the 
right bundle shows a critical rate for 1:1 response of ap- 
proximately 60/min (P-P cycle of 100) (Fig. 3, E). At 
higher rates, there is either partial conduction or a 2:1 
response unless the block is perpetuated by retrograde 
conduction. 

The patient’s record on the third day of admission 
showed persistent 1:1 A-V conduction at an atrial rate of 
70-80/min with a P-R interval of 0.17 second and a pat- 
tern of right bundle branch block plus left anterior hemi- 
block. The patient was discharged after 20 days and was 
seen 2 and 4 months later with no relevant changes in the 
electrocardiogram apart from lessening of the ST-T wave 
abnormalities. 

Figures 5 and 6: Nine months later the patient gave a 
history of occasional attacks of slight dizziness without 
syncope. There were frequent irregularities in the pulse, 
and an electrocardiogram showed variable A-V conduc- 
tion with change in the QRS pattern. The A-V conduc- 
tion was rate-dependent with 1:1 response at slower atri- 
al rates, 2:1 conduction at higher rates and a Wencke- 
bach type of transmission at intermediate rates. The 5 
strips in Figure 5 were obtained at 1 sitting and arranged 
according to the atrial rate. The mechanism of A-V re- 
sponse is illustrated by the same diagram shown in Figure 4. 
The records show consistent left anterior hemiblock. Con- 
duction in the right bundle reveals a rate-dependent re- 
sponse with a critical cycle length of 152 to 160 (double that 
of the P-P cycles in Figure 5, B and C, which show partial 
and complete 2:1 response in the right bundle, respec- 
tively). This finding was confirmed by inducing marked 
atrial slowing by carotid sinus compression (Fig. 6A). The 
third beat in the record, which reveals partial conduction 
in the right bundle, occurs after an R-R cycle of 152. Dur- 
ing successful conduction in the posterior branch, retro- 
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Tachycardia-dependent intermittent conduction in the left posterior branch and “i bundle branch systems. See 





FIGURE 4. Diagrammatic illustration of the mechanism of A-V 
conduction in Figure 3. See text for details. S, | and R represent 
conduction in the left anterior branch, left posterior branch, and 
right bundle branch systems, respectively. The curved arrow 
points to retrograde activation of the right bundle branch sys- 
tem. 


grade activation of the right bundle occurs and perpet- 
uates the block. This mechanism explains the consistent 
block in the right bundle in records 5A and 5E and the 
3:1 response in 5D. 

The mechanism of conduction in the posterior branch is 
more complicated. First,, there is a rate-dependent con- 
duction with a critical cycle length of 88 (Fig. 5E). This 
finding could be demonstrated repeatedly by inducing 
atrial slowing with use of carotid sinus compression which 
consistently resulted in 1:1 A-V response. On waning of the 
effect of compression and at a critical P-P cycle of 88, the P 
wave was blocked. At definitely shorter cycle lengths, the 
posterior branch showed a 2:1 response (Fig. 5A). However, 
at a critical range of cycle lengths (between 76 and 88), the 


January 1973 The American Journal of CARDIOLOGY Volume 31 - 73 


INTERMITTENT TRIFASCICULAR BLOCK—EL-SHERIF 





> 
Atrial rate 
83-86 / min. 

a 

< 

nN 


Atrial rate = 
76-78 / min. 






Atrial rate= 
72-74 / min. 


Atrial rate = 
68-70 / min. 


Atrial rate 
60-70 / min. 


FIGURE 5. 


i ot 3! of so T a DAR o 






mee 2 ee 


E Er 





he 
ReNSGRRERN 


PeESEses essa ia Seo ee 


aL Be 


Different mechanisms of conduction disturbance in the bundle branches. See text for details. X points to transmis- 


sion failure secondary to a mechanism of enhanced phase 4 depolarization. 


following occurred: 2:1 partial conduction in the posterior 
branch (not shown), 4:1 partial conduction (5B, represented 
by interrupted arrows marked by asterisks), consistent 
block (5C) or a 3:1 “delayed” response (5D). 

In Figure 5B, retrograde activation of the posterior 
branch by the first impulse coming down the right bundle 


can explain block of the second impulse, whereas partial 
conduction of the third impulse can be attributed to com- 
petitive transmission in both the posterior branch and the 
right bundle immediately after recovery. Partial conduc- 
tion of the third impulse in the posterior branch can ex- | 
plain failure of conduction of the fourth impulse since it” 


74 . January 1973 The American Journal of CARDIOLOGY Volume 31 


FIGURE 6. A, rate-dependent conduction 
in the right bundle branch system revealed 
by carotid sinus compression (CSC). B, idio- 
ventricular escape rhythm from the left ante- 
rior branch system giving rise to incomplete 
interference dissociation combined with 2:1 
A-V conduction. Note escape capture bi- 
geminy in the bottom strip. See text for de- 
tails. 


arrives after a diastolic interval shorter than the critical 
cycle length for conduction. Block of the fifth impulse can 
be explained differently since it is not accounted for by 
incomplete repolarization of the posterior branch (the dia- 
stolic interval is definitely longer than the critical cycle 
length for conduction) or by retrograde conduction from 
the other bundle (the fourth impulse is blocked in the 
right bundle). However, a long diastolic interval is known 
to enhance phase 4 depolarization in the His-Purkinje sys- 
tem which would lead to different degrees of conduction 
abnormalities. Thus, block of the fifth impulse in Figure 
5B could be explained by enhanced phase 4 depolarization 
in the posterior branch after a long diastolic interval (rep- 
resented by [x]). This alteration would be followed shortly 
by retrograde activation of the posterior branch by the 
fifth impulse coming from the right bundle, which would 
explain failure of conduction of the sixth impulse, and the 
chain of events would be repeated. The 3 consecutive im- 
pulses are blocked in the posterior branch by 3 different 
mechanisms: (1) conduction through incompletely repo- 
larized posterior branch due to pathologic prolongation of 
its effective refractory period; (2) enhanced phase 4 depo- 
larization; and (3) retrograde activation of the posterior 
branch by an impulse traveling down the right bundle. 

In Figure 5C, retrograde activation of the posterior 
branch by the first impulse traveling down the right bun- 
dle can explain block of the second impulse. Block of the 
third impulse can not be attributed to incomplete repolar- 
ization or retrograde activation of the posterior branch. 
However, it can be adequately explained on the basis of 
enhanced phase 4 depolarization in the posterior branch 
after a long diastolic interval. Thus, consistent block of 
the impulse in the posterior branch in record 5C can be 
attributed to 2 different mechanisms that regularly alter- 
nate with each other. In record 5D, retrograde activation 
of the posterior branch by the first impulse traveling down 
the right bundle can explain delayed conduction of the 
second impulse. Successful conduction of the second im- 
pulse leads to block of the third impulse that follows after 
a diastolic interval shorter than the critical cycle length 
for conduction. Block of the fourth impulse can be attrib- 
uted to enhanced phase 4 depolarization. 

The patient’s records on the next day showed an idio- 
ventricular escape rhythm with an escape cycle of 166 giv- 
ing rise to interference dissociation in addition to the ex- 
isting 2:1 A-V conduction (Fig. 6B, upper strip). The es- 
cape complexes displayed the pattern of right bundle 
branch block plus left posterior hemiblock, which would 
localize the escape center at the left anterior branch sys- 
tem. The dissociation was incomplete, as revealed by the 
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frequent occurrence of capture beats showing the pattern 
of right bundle branch block plus left anterior hemiblock, 
thus signifying conduction in the posterior branch. The 
critical R-R interval ending with a capture beat was 98. 
This interval represents the functional refractory period of 
the posterior branch and is slightly longer than the criti- 
cal cycle for conduction estimated from Figure 5E ob- 
tained on the previous day. The bottom strip of Figure 6B 
illustrates the regular occurrence of an escape beat fol- 
lowed by a capture beat and a blocked sinoatrial impulse 
giving rise to an allorhythmia termed escape-capture bi- 
geminy.* Periods of synchronization were frequently ob- 
served in the patient’s records and were explained by the 
fortuitous presence of an escape cycle approximately equal 
to the effective intersinus cycle (double the P-P inter- 
val).4 


Discussion 


Rate-dependent intermittent conduction in 1 of 
the 3 main fascicles of the intraventricular conduc- 
tion system is not uncommon. However, the con- 
comitant presence of rate-dependent intermittent 
conduction in 2 fascicles is a rare finding. Recently, 
Rosenbaum et al. recognized the various combina- 
tions that may arise secondary to different grades of 
conduction disturbance in the 3 fascicles. The pres- 
ence of fixed left anterior hemiblock with intermit- 
tent left posterior hemiblock and right bundle 
branch block as demonstrated in the present case 
corresponds to type 7 in the classification of Rosen- 
baum et al.® In the 7 previously reported cases exem- 
plifying this type,1,7—° there were only 2 QRS pat- 
terns-right bundle branch block with left anterior 
hemiblock and a left bundle branch block of the di- 
visional type. The present case provides a classic 
demonstration of this type of trifascicular block in 
which nature closely mimicked the full spectrum of 
theoretical expectations. 


Mechanisms Influencing Conduction in Bundle 
Branch System 


The present case report illustrates in the same pa- 
tient the multiplicity of electrophysiologic mecha- 
nisms that may influence impulse conduction in the 
bundle branch system. Three such mechanisms have 
been demonstrated: (1) a cycle length-recovery time 
relation with abnormal prolongation of the functional | 
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refractory period of the bundle branch system giving 
rise to a tachycardia-dependent bundle branch 
block (phase 3 block); (2) enhanced phase 4 depolari- 
zation of the bundle branch system giving rise to a 
bradycardia-dependent bundle branch block (phase 4 
block); and (3) retrograde activation of a bundle 
branch by an impulse traveling down the opposite 
branch. This would result in single or repetitive block 
of the supraventricular impulse “linked” to success- 
ful conduction in the other branch. 

In recent years, a distinction has been made be- 
tween the functional nature of type I (Mobitz) block 
(Wenckebach period) and the organic nature of type 
II (Mobitz) block.1° The former type is usually at- 
tributed to conduction disturbance at the A-V junc- 
tion-bundle of His level, whereas the latter type is 
seen with lesions of the bundle branches. This was 
theoretically related to the greater difference in ve- 
locity between the slow conduction through the A-V 
junction and the rapid conduction through the bun- 
dle branches.11 Some authors have even suggested 
that the Wenckebach type of transmission may be 
characteristic only of the A-V conduction system, 
not the bundle branches.!2 These concepts have been 
recently criticized!3 and the Wenckebach phenome- 
non has been shown to occur in the bundle branches 
as in any other segment of the conduction system.14 
Both grade I block and type I (Mobitz) block of the 
A-V conduction have been attributed solely to con- 
duction oisturbance of either the right bundle 
branch system or main left bundle branch system in 
records showing bilateral bundle branch block15-16 or 
of either the anterior or posterior divisions of the left 
bundle in records showing trifascicular block.13-17 
These observations throw doubt on the value of dis- 
tinction between types I and II (Mobitz) block in the 
presence of a QRS pattern of bundle branch block. 

Enhanced phase of depolarization: The His- 
Purkinje system in known to contain a large number 
of automatic cells characterized by the ability to un- 
dergo spontaneous diastolic (phase 4) depolarization. 
Since the early studies of Weidmann,!8 it has been 
recognized that the cyclic reduction in diastolic 
membrane potential resulting from spontaneous 
phase 4 depolarization in automatic cells can cause 
reduction in amplitude and dv/dt of action potential 
initiated in these cells and voltage-dependent con- 
duction disturbances comparable to those that occur 
if a response is initiated during repolarization at cor- 
responding levels of membrane potential.3:19.20 A]- 


teration in conduction secondary to a mechanism of 
enhanced phase 4 depolarization has been implicated 
in various disturbances of the cardiac rhythm in- 
cluding reentrant rhythms at low heart rates,? exit 
and entry block about parasystolic foci,* aberration 
of supraventricular escape beats?:2! and bradycar- 
dia-dependent bundle branch block.?:5:22 The latter 
is much less frequent than the tachycardia-depen- 
dent variety and its mechanism has been subject to a 
good deal of misconception. The operation of en- 
hanced phase 4 depolarization in cases of bradycar- 
dia-dependent bundle branch block is substantiated 
by the recent demonstration that physiologic maneu- 
vers and pharmacologic agents known to enhance or 
suppress phase 4 depolarization in the human heart 
can induce or improve the conduction abnormality.5 
Retrograde bundle branch activation: Con- 
cealed retrograde conduction into the blocked bundle 
branch system was first postulated by Wilson and 
Herrmann.?? Gouaux and Ashman?‘ clearly antici- 
pated that mechanism to account for the common 
clinical observation of runs of aberrant ventricular 
conduction in atrial fibrillation, namely, perpetua- 
tion of aberration after its initiation when a short 
cycle follows a long one. Moe et al.,25 in a series of 
classic experiments, demonstrated a His bundle elec- 
trogram and even atrial echo following the concealed 
retrograde conduction. Later on, Cohen et al.26 dem- 
onstrated the existence of a retrograde His bundle 
potential following functional bundle branch block in 
man and considered it a mechanism of alternate pat- 
terns of premature ventricular excitation during in- 
duced atrial bigeminy. Rosenbaum et al.27 utilized 
the concept to explain records of bidirectional tachy- 
cardia, and recently Rosenbaum et al.28 have dem- 
onstrated that this mechanism plays a fundamental 
role in cases of bilateral bundle branch block or 
trifascicular block of the kind under discussion. 


Addendum 
Since submission of this paper, we have seen other 
cases of combined phase 3 and phase 4 bundle branch 
block in man and observed the same disturbance in 
dogs after ligation of the anterior septal branch of 
the left anterior descending artery. 
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The clinical, hemodynamic and pathologic findings in a case of pul- 
monary hypertension associated with intrapulmonary veno-occlusive 
disease are described. Evidence is presented that the disease was 
acquired. The characteristic features of intrapulmonary veno-occlu- 
sive disease are symptoms and signs of postcapillary pulmonary hy- 
pertension, evidence of diffuse interstitial edema on chest roentgen- 
Ogram, absence of structural cardiac abnormality and usually, nor- 
mal pulmonary arterial wedge pressure. The pathologic hallmarks of 
this disease are obstruction in small pulmonary veins and venules by 
thrombi or intraluminal fibrous septa, indicative of recanalized 
thrombi, and focal interstitial fibrosis with congestion and hemosid- 
erosis in the fibrotic areas. 


The term primary pulmonary hypertension has been given to a het- 
erogeneous group oi diseases of unknown origin characterized physio- 
logically by pulmonary arterial hypertension. Pulmonary hyperten- 
sion associated with pathologic changes and obstruction of the small 
pulmonary veins and venules is an uncommon disorder,!:? rarely 
diagnosed during life and usually misdiagnosed as primary pulmo- 
nary hypertension. However, this disorder, which may be referred to 
as intrapulmonary veno-occlusive disease, is a clinically recognizable 
entity with distinctive features.?:? By presenting a well documented 
case, we draw attention to this syndrome to define further the clini- 
cal manifestations and hemodynamic characteristics that enable its 
differentiation from both pulmonary hypertension due to heart dis- 
ease and primary pulmonary hypertension. Evidence is presented 
that the disorder in this case was acquired. 


Case Report 


The patient was a 13 year old Caucasian girl born after a full-term un- 
complicated gestation and delivery. Her weight at birth was 7 lb, 2 oz, and 
the neonatal period was normal. At age 2 years, after a 12 year old brother 
died with ““Eisenmenger’s syndrome,” she was examined by a cardiologist 
and noted to have a grade 2/6 systolic ejection murmur at the left upper 
sternal border. The electrocardiogram was normal, and chest roentgeno- 
gram suggested right ventricular enlargement. On cardiac catheterization 
on June 6, 1960, there was no significant left to right shunting, and right 
heart pressures were normal (Table I). Periodic examination by a cardiolo- 
gist and serial chest roentgenograms and electrocardiograms showed normal 
findings. At age 11 1/2 years (March 1969) she experienced increasing 
fatigability and mild exercise intolerance. Cardiac auscultation findings, 
chest roentgenogram (Fig. 1) and an electrocardiogram (Fig. 2) in May 1969 
were normal. During the succeeding 12 months, dyspnea on effort in- 
creased, and mild cyanosis of the lips was observed. 

Physical examination on October 20, 1970, her first visit to The Chil- 
dren’s Hospital Medical Center, revealed a somewhat pale and anxious ado- 
lescent girl. The pulse was regular at 112/min, respiratory rate was 24/min, 
and blood pressure 90/60 mm Hg. The lips were minimally cyanosed, and a 
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prominent a wave was visible in the jugular vein. There TABLE | 

was a left parasternal heave, loud first heart sound and Cardiac Catheterization Data 

narrowly split second sound on inspiration. The intensity 

of the pulmonic closing sound was accentuated. A variable 1960 1970 

systolic ejection click was audible at the left sternal bor- aap $ 

der. A grade 1/6 early systolic ejection murmur was maxi- Oxygen Pres- Oxygen 

mal at the left upper sternal border. An electrocardiogram Satura- sure Satura- 

showed a pattern of right ventricular hypertrophy (Fig. 2). tion (mm tion Pressure 

X-ray examination showed mild cardiomegaly and a Site (%) Hg) (%) (mm Hg) 

prominent main pulmonary arterial segment. Arterial 

blood oxygen saturation was 93 percent at rest and 86 per- Superior vena cava 72 68 a=10,v=7(7) 

cent during mild exercise. Right atrium 64 (5) 68 a =1lv=8(7) 
Family history disclosed a 12 year old brother, previous- Right ventricle 65 14/2 67 80/10 

ly in good health, who experienced progressive cyanosis Pulmonary artery 67 10/3 66 80/36(60) 

and dyspnea over a 3 month period. Prior examinations by Femoral artery 100 93/63 989 93/75(83) 

his pediatrician had disclosed no cardiac abnormality. On Pulmonary arterial wedge ... @=10,v = 10(8) 

physical examination he had mild cyanosis of the lips and Pulmonary vein OF Olay ss 89 a@=7,v= 97) 

fingernails. Cardiac auscultation revealed a loud pulmonic Left ventricle Pes Took 88 93/8 

closure and a soft systolic ejection murmur at the base. . , 

The hemoglobin was 15 g/100 ml. An electrocardiogram Cardiac output (liters/min per m°) 4.5 

showed right ventricular hypertrophy, and chest roentgen- Resistance (mm Hg/liter 

ogram showed mild cardiomegaly and a prominent main per min per m°) 

pulmonary arterial segment. Right heart catheterization Systemic 17 

on December 18, 1959 demonstrated pulmonary arterial Pulmonary 12 


hypertension and a right to left shunt. Pulmonary and 


femoral arterial pressures were 75/50 and 85/50 mm Hg, Values in parentheses indicate mean pressures. 


FIGURE 1. Evolutionary changes in the 
chest roentgenogram. The film obtained on 
May 27, 1969 appears normal; that obtained 
on December 8, 1970 is strongly suggestive 
of pulmonary venous obstruction. The latter 
film shows cardiomegaly, a prominent main 
pulmonary arterial segment, and a reticular 
pattern in the lung periphery with evidence 
of interstitial edema. 
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FIGURE 2. Evolutionary changes in the 
electrocardiogram. The tracing obtained on 
May 27, 1969 is normal; that obtained on 
October 29, 1970 shows rightward devia- 
tion of the QRS axis, right atrial and ventric- 
ular hypertrophy, and ST-T wave changes in 
„leads Il, IIH, aVF, and V4R to V;. 
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respectively. The pulmonary arterial wedge pressure was 4 
mm Hg and femoral arterial blood oxygen saturation was 
78 percent. The site of the right to left shunting was not 
determined, and a diagnosis of Eisenmenger’s syndrome 
was made. He died 6 weeks later. An autopsy was not per- 
formed. A 17 year old sister was also noted to have a sys- 
tolic ejection murmur; cardiac catheterization performed 
in 1961 showed no abnormalities. 

The patient was admitted to the hospital on November 
1, 1970 for further study. Cardiac catheterization per- 
formed on November 2 (Table I) confirmed the presence 
of severe pulmonary hypertension. Indocyanine green dye 
curves showed no evidence of intracardiac shunting. The 
PaOz was 57 mm Hg, PaCoz 31 mm Hg, pH 7.43, and P50 
(blood oxygen tension at 50 percent hemoglobin satura- 
tion) was 28 mm Hg. Several pulmonary veins were en- 
tered by retrograde arterial catheter. Pulmonary venous 
blood POz and PCOz2 were 49 and 29.5 mm Hg, respec- 
tively. Breathing of 90 percent oxygen increased the pul- 
monary venous POz2 to 410 mm Hg but did not signifi- 
cantly reduce the pulmonary arterial pressure. Infusion of 
tolazoline hydrochloride (125 mg/10 mins) into the pul- 
monary artery and an increase in heart rate from 120 to 
160 beats/min (induced by atrial pacing) did not alter the 
pulmonary resistance and cardiac output. Pulmonary 
function studies showed normal lung volume, forced ex- 
piratory volume and flow rate. No airway obstruction was 
present. Pulmonary diffusing capacity was 6.1 ml/min per 
mm Hg (predicted = 27.1). The hemoglobin was 16.0 
g/100 ml, and the white cell count 9,000/mm? with a nor- 
mal differential. The corrected sedimentation rate was 13 
mm in 1 hour. Results of blood coagulation studies and 
immunoelectrophoresis were normal. No lupus erythema- 
tosus cells were observed in the peripheral blood. Results 
of skin tests for tuberculosis, histoplasmosis and coccidioi- 
domycosis were noncontributory. 

A diagnosis of primary pulmonary vascular obstructive 
disease was made and the patient discharged on a regi- 
men of oral Priscoline therapy and restricted activity. On 
November 23 she stopped attending school because of in- 
creasing fatigability and dyspnea, substernal pain on mild 
effort, dizziness and recurrent emesis. She had not taken 


FIGURE 3. Cut surface of fixed lung after 
contrast material injection of pulmonary ar- 
teries showing dark, hypervascular pseudo- 
angiomatous nodules (arrows). 


Priscoline regularly but reported feeling better after oxy- 
gen inhalation. Physical examination at the time of her 
second admission on December 8 revealed a chronically ill 
girl with an ashen skin color, poor cutaneous capillary fill- 
ing and diminished peripheral pulsations. The blood pres- 
sure was 92/80 mm Hg, and the temperature was 97F. 
On cardiac auscultation a pulmonary regurgitant murmur 
was now audible, and there was evidence of mild right 
heart failure. Chest roentgenogram on December 8 (Fig. 1) 
revealed moderate cardiomegaly, a distinctly prominent 
main pulmonary artery, and many small and hazy densi- 
ties in the periphery of the lung. These were believed to 
represent interstitial edema or dilated lymphatic vessels, 
or both. Arterial blood oxygen saturation was 85 percent, 
the hemoglobin 16.1 g/100 ml, and reticulocyte count 11.0 
percent. Serum iron and total iron binding capacity were 
200 and 518 wg/100 ml, respectively. Pulmonary function 
studies now revealed a decrease in predicted lung volumes 
from 100 to 84 percent. 

The patient was placed in an oxygen tent and treated 
with digoxin and hydrocortisone. Despite these measures, 
the cyanosis and dyspnea became more severe; she began 
complaining of increasing chest pain and dizziness, and 
died with low output failure 6 days after admission. 


Histologic Findings 

There were no cardiac or pulmonary congenital abnor- 
malities. The gross appearance of the lungs was striking. 
Multiple diffuse, small (1 to 4 mm in diameter), red to 
bluish, palpable nodules over the pleural surface and in 
the lung parenchyma grossly resembled small angiomas 
(Fig. 3). The major arteries and veins were patent without 
evidence of thrombosis or embolization. 

Histologic examination of the lungs revealed multiple 
circumscribed foci of interstitial fibrosis throughout the 
lung tissue (Fig. 4A). In these foci there was engorgement 
of capillaries, hemosiderosis and mild infiltration with 
polymorphonuclear cells and lymphocytes. The larger 
bronchi were particularly enlarged with an increase in the 
number of mucous cells. In many muscular pulmonary ar- 
teries there was patchy intimal fibrosis, sometimes with 
formation of intraluminal septa, indicative of recanaliza- 
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FIGURE 4. Photomicrographs of lung. A, lung tissue with focus of interstitial fibrosis. (Hematoxylin and eosin X35, reduced by 32 
percent.) B, pulmonary vein with narrowing by loose intimal connective tissue. (Elastic van Gieson stain X125, reduced by 32 per- 
cent.) C, pulmonary artery with marked eccentric intimal fibrosis. (Elastic van Gieson X350, reduced by 32 percent.) 


tion of thrombi (Fig. 4C). The small pulmonary veins and 
venules were regularly narrowed, although uncommonly 
completely occluded, by loose connective tissue (Fig. 4B). 
The lesions in the veins were distinctly more widespread 
than those in the arteries. Many pulmonary lymphatic 
vessels were dilated. ; 

Examination of the heart revealed right ventricular and 
right atrial hypertrophy and enlargement and a small jet 
lesion in the left atrial endocardium. There was a recent 
gross infarction of the kidney, and some congestion of the 
abdominal viscera was present. 


Discussion 


A variety of congenital and acquired cardiac and 
pulmonary disorders may result in the development 
of pulmonary hypertension. The diagnosis of primary 
pulmonary hypertension principally requires exclu- 
sion of other causes of pulmonary hypertension. In 
cases of primary pulmonary hypertension, although 
the origin is not clinically apparent, the pathologic 
findings in the pulmonary vessels may sometimes be 
sufficiently distinctive to make a diagnosis. In a 
study of pathologic material from a large group of 
subjects with a clinical diagnosis of primary pulmo- 
nary hypertension, Wagenvoort and Wagenvoort? 
were able to classify the morphologic changes in the 
pulmonary vessels according to one of the following 
causes: thromboembolism, chronic pulmonary dis- 
ease, venous hypertension, vasoconstrictive hyper- 
tension, sarcoidosis, schistosomiasis or veno-occlu- 
sive disease. The condition of patients in the last 
group is usually misdiagnosed as primary pulmonary 
hypertension®® although the histologic and clinical 
features are distinct.? They constitute a separate and 
. definitive disease entity variously termed pulmonary 


veno-occlusive disease, 1~3 sclerosis of the pulmonary 
veins,® or venous form of primary pulmonary hyper- 
tension. The pathologic hallmark of the entity is the 
development of various degrees of obstruction of nu- 
merous small pulmonary veins and venules by 
thrombi or loose connective tissue suggestive of or- 
ganizing thrombi. 

This finding is only part of a more extensive pat- 
tern of lesions in the lung tissue and lung vessels. 
Wagenvoort® recently reviewed the histologic fea- 
tures of 7 cases of pulmonary veno-occlusive disease, 
4 of which had been reported previously. In all these, 
apart from the pulmonary venous alterations, inter- 
stitial fibrosis, usually focal, was present with 
marked congestion and hemosiderosis in the fibrotic 
areas. In 4 of the 7 cases there was infiltration of al- 
veolar walls by inflammatory cells, and it was sug- 
gested that the interstitial pneumonia was basic to 
the fibrosis. In 4 cases there was an increase of bron- 
chial mucous glands or of mucous cells in the bron- 
chial epithelial lining. In 5 cases, recent or organized 
thrombi were observed in pulmonary arteries, al- 
though less extensive and usually more recent than 
those present in the pulmonary veins. 

In our case the alterations in the lung tissue and 
the lung vessels corresponded closely to the charac- 
teristic histologic pattern found in cases of pulmo- 
nary veno-occlusive disease. In cases of mitral valve 
disease, the small pulmonary veins regularly show 
intimal fibrosis. In the absence of such major cardiac 
disease, there is no condition other than pulmonary 
veno-occlusive disease in which the pulmonary veins 
are affected to such an extent, certainly not in young 
persons. Also, the pulmonary arterial changes are 
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completely unlike those observed in primary pulmo- 
nary hypertension. 

Fifteen ‘patients with intrapulmonary veno-occlu- 
sive disease have been previously described?-14; ours 
is the 16th reported case. The ratio of male to female 
patients in all 16 cases was nearly equal, and two 
thirds of the patients were under 16 years of age 
(range: 8 weeks to 48 years). In most cases, including 
our own, the condition was erroneously diagnosed as 
primary pulmonary hypertension. Nevertheless, sev- 
eral distinct: and characteristic features should en- 
able one to make the diagnosis clinically during life. 
Histologic findings on lung biopsy will lead to the 
correct diagnosis.” -9 

Clinical features: Symptoms common to other 
forms of primary pulmonary hypertension include 
progressive dyspnea on effort, easy fatigability, chest 
pain and syncopal episodes. By contrast, orthopnea 
and paroxysmal nocturnal dyspnea are rare in pa- 
tients with primary pulmonary hypertension but 
may occur in those with intrapulmonary veno-occlu- 
sive disease.t:7:10.11 Central cyanosis is also usually 
present in the latter. Arterial oxygen saturation 
values of 85 to 92 percent were reported in all pa- 
tients who underwent direct measurement of arterial 
blood. Arterial unsaturation, when present in pa- 
tients with primary pulmonary hypertension, is due 
to right to left shunting through a patent foramen 
ovale.t° By contrast, arterial unsaturation in this 
syndrome appears to be due to reduced pulmonary 
venous oxygen tension. This was demonstrated in 
our patient by direct sampling from pulmonary veins 
at cardiac catheterization. In the reported cases, 
postmortem examination of the heart revealed a 
closed foramen ovale and absence of any intracardiac 
defect, thus further implicating the lung as a cause 
of the central cyanosis. 

On physical examination, signs of right ventricular 
and pulmonary hypertension are present in patients 
with intrapulmonary veno-occlusive disease. The 
presence of crepitant rales in the lung, observed in 
some patients,*:4:6-10 may be of help in differentiat- 
ing this disease from primary pulmonary hyperten- 
sion. The appearance of the chest roentgenogram is 
probably the most significant finding in distin- 
guishing clinically between the 2 entities.2:7 In both 
conditions one finds right ventricular enlargement 
and dilatation of the main pulmonary artery and its 
major branches. In primary pulmonary hypertension 
the peripheral pulmonary vasculature appears to be 
reduced, but in intrapulmonary veno-occlusive dis- 
ease there is a fine and diffuse increase in the inter- 
stitial and vascular markings, often associated with 
Kerley B lines and visualization of the interlobar fis- 
sures.?:4-14 Pleural thickening or effusion®-9-10.14 
may also be present. The radiographic findings can 
be distinguished from those of pulmonary venous 
distension due to chronic left heart disease by the 
absence of an increased perfusion pattern in the 
upper third of the lung fields or enlargement of the 
upper pulmonary veins, left atrium or left ventricle.2 


In our case there were also hazy small densities scat- 
tered diffusely throughout the lung but particularly 
marked in the periphery. At necropsy, these densi- 
ties were noted to be hypervascular alveolar lesions 
resembling angiomas. Microscopically, they consti- 
tuted a proliferated network of dilated capillaries 
with unrestricted arterial supply but with venous ob- 
struction. 

The electrocardiographic findings are similar to 
those observed in primary pulmonary hypertension. 
The sedimentation rate, except in 1 instance,2 was 
normal and phase reactants were negative. Pulmo- 
nary function studies in our patient revealed a de- 
crease in diffusing capacity but no evidence of ob- 
struction or restrictive lung disease until the termi- 
nal stage of the illness. On the other hand, pulmo- 
nary function studies in 2 reported cases were indica- 
tive of some airway obstruction, obliterative pulmo- 
nary hypertension with excessive hyperventilation 
and ventilation-perfusion abnormalities.2:3 

Cardiac catheterization findings: The findings 
at cardiac catheterization are not distinct from those 
in primary pulmonary hypertension except perhaps 
for the presence of pulmonary venous unsaturation. 
However, in conjunction with the radiologic appear- 
ance of the lungs, the presence of a normal pulmo- 
nary arterial wedge pressure at catheterization is 
highly suggestive of obstruction at the small pulmo- 
nary veins and venules.” Pulmonary arterial wedge 
pressure, recorded in 7 patients, was normal in 
4°.°.14 and slightly increased (mean 12 to 18 mm Hg) 
in 3.2-9.13 In 1 patient with increased pressure the 
reliability of the measurement was seriously ques- 
tioned by the author,? and in another the intrapul- 
monary veno-occlusive disease was associated with 
myocarditis.‘% The presence of a normal wedge pres- 
sure may reflect diffuse obstruction in the smaller 
pulmonary veins and venules, whereas increased. 
capillary wedge pressure may possibly develop when 
some of the medium-sized pulmonary veins or larger 
channels become obstructed.? In intrapulmonary 
veno-occlusive disease, interruption of pulmonary ar- 
terial flow by wedging of the catheter may result in 
decreased pulmonary capillary wedge pressure be- 
cause drainage can occur through a partially ob- 
structed venule or collateral bronchial vein.16 In mi- 
tral stenosis, obstructed anomalous pulmonary ve- 
nous drainage or in stenosis or sclerosis of the major 
pulmonary veins,!* the vessels receive flow from 
channels other than the one being occluded and the 
increased pressure can be transmitted in retrograde 
fashion to the wedged catheter. Right ventricular an- 
giograms usually fail to demonstrate any discrete ob- 
struction,!?-14 but the rate of pulmonary circulation 
may be slow.? 

Prognosis and treatment: The prognosis of pa- 
tients with intrapulmonary veno-occlusive disease is 
poor. Ten of 13 patients whose complete data are 
available died within 2 years after the onset of symp- 
toms. Average survival was 20 months (range 1 to 
84). Results of treatment with anticoagulant 
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agents,2-? corticosteroids,*:? vasodilating agents and 
anticongestive measures have been disappointing. 
The longest period of survival after the onset of ther- 
apy was 15 months in a patient with demonstrated 
increased platelet adhesiveness who was treated with 
heparin.? In our patient there was no response to 
corticosteroid therapy, but treatment was instituted 
late in the course of illness. Tolazoline and oxygen 
inhalation did not result in an increase in pulmonary 
blood flow or reduction of the pulmonary resistance. 
Etiology: The present case documents for the 
first time that intrapulmonary veno-occlusive disease 
may be an acquired condition. Cardiac catheteriza- 
tion, performed 10 years before the onset of symp- 
toms, revealed normal pulmonary arterial pressure 
(Table I). An electrocardiogram and chest roentgen- 
ogram obtained approximately 1 month after the 
onset of symptoms were also normal. These observa- 
tions indicate that the disease was almost certainly 
acquired. Its origin, however, remains unknown. An 
infectious origin has been postulated in some 
cases,!-8-7.9.13 but attempts to isolate an organism or 
demonstrate a titer response to an infectious agent 
have been unsuccessful.*:>-9-43 Most patients have 
no constitutional symptoms. Disseminated intravas- 
cular coagulation or a hypercoagulable state? may be 
important in the pathogenesis of the disease, but our 


patient had normal blood coagulation, and only mild 
abnormalities have been reported in others. Tests for 
collagen disease and immunologic abhormalities 
have been negative.?:4 It is difficult to implicate the 
prolonged administration of nitrofurantoin for a uri- 
nary infection in our case as an etiologic agent since 
the drug was discontinued before the onset of symp- 
toms and the pathologic appearance did not resem- 
ble that reported in chronic nitrofurantoin toxicity.1® 
An analogy between intrapulmonary veno-occlusive 
disease and the Budd-Chiari syndrome of the liver 
has also been made;* this suggests the possible role 
of an inhaled toxin in the pathogenesis of the throm- 
botic pulmonary venous lesions. A genetic role in the 
pathogenesis of the disease is suggested by the death 
of a sibling of our patient from a similar illness. 
Increased recognition and awareness of intrapul- 
monary veno-occlusive disease as a separate entity 
will be necessary before its origin and pathophysiolog- 
ic features are better understood and appropriate 
therapy is devised. The outstanding features of this 
condition are symptoms and signs of postcapillary 
pulmonary hypertension, roentgenographic findings 
of diffuse bilateral pulmonary edema with or without 
discrete peripheral densities, absence of structural 
heart disease, pulmonary venous unsaturation and, 
usually, normal pulmonary arterial wedge pressure. 
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A case of supravalvular stenosing ring of the left atrium is described. 
The severity of the stenosis obscured the features of Ebstein’s mal- 
formation of the left atrioventricular valve, which was the only other 
defect associated with corrected transposition. Analysis of the re- 
ported examples of supravalvular stenosing rings reveals that the 
condition rarely exists as an isolated anomaly but tends to occur in 2 
groups of conditions, namely, a developmental complex of obstruc- 
tive anomalies of the left side of the heart (supravalvular ring, 
subaortic stenosis, parachute mitral valve and coarctation of the 
aorta) or a second group associated with a left to right shunt pro- 
duced by a ventricular septal defect or patent ductus arteriosus. The 
potential diagnostic value of echocardiography in cases in which 
there is evidence of pulmonary venous obstruction is discussed. 


Among patients with congenital heart disease, anomalies of the left 
atrial chamber such as cor triatriatum and supravalvular stenosing 
ring are well recognized causes of pulmonary venous obstruction. A 
supravalvular ring is an uncommon malformation which is usually 
associated with other conditions such as ventricular septal defect, 
patent ductus arteriosus, subaortic stenosis and coarctation of the 
aorta. Because the degree of obstruction imposed by the ring is fre- 
quently moderate, the associated malformations may dominate the 
clinical findings. 

The combination of a supravalvular stenosing ring of the left atri- 
um and corrected transposition of the great vessels has been docu- 
mented in only 2 instances, and in neither case was the obstruction 
severe. Patients with corrected transposition commonly present with 
mitral insufficiency but rarely with mitral stenosis. In the case re- 
ported here the obstruction produced by a supravalvular stenosing 
ring was critical so that the signs of “mitral” stenosis dominated the 
clinical findings, obscuring the features of corrected transposition of 
the great vessels. 


Case Report 


The patient, an 11 year old white girl, had a cardiac murmur noted at 
age 2 months during an episode of pneumonia. She was the product of a 
full-term normal pregnancy and delivery and her siblings were healthy. She 
had recurrent episodes of bronchitis, but there was no history of hemoptysis 
or paroxysmal nocturnal dyspnea. However, she was permanently incapaci- 
tated by dyspnea on the slightest exertion and was receiving maintenance 
doses of digitalis. There was no history of rheumatic fever. 

Physical examination disclosed a slenderly built acyanotic patient with a 
blood pressure of 90/60 mm Hg. All the pulses were present, equal and reg- 
ular, but of small volume. Inspection of the jugular venous pulse revealed a 
prominent a wave. Precordial palpation detected an apical diastolic thrill 
and a parasternal thrust indicating right ventricular hypertrophy. On aus- 
cultation, at the apex the first heart sound was of normal intensity and was 
followed by an ejection click; at times a soft pansystolic murmur was also. 
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FIGURE 1. Phonocardiogram. See text. CP = carotid pulse; 
DM = mid-diastolic murmur; ECG = electrocardiogram; MA = 
mitral area; X = ejection click; (1) and (2) = first and second 
heart sounds, respectively. 


audible. In diastole, there was a long rumbling mid- 
diastolic murmur with presystolic accentuation. In the 
second left interspace the second sound was narrowly 
split, and both components were of equal intensity (Fig. 
1). 

The electrocardiogram showed sinus rhythm with a P-R 
interval of 0.22 second, right axis deviation (+110°) and 
right ventricular hypertrophy. On occasional tracings the 
P wave vector altered in a manner consistent with a low 
left atrial rhythm. A small Q wave was present in lead Ve 
but not in V;. The chest roentgenogram showed moderate 
cardiomegaly with an enlarged left atrium and evidence of 
pulmonary venous congestion; the veins of the upper pul- 
monary lobe were distended, and Kerley-B lines were 
present in both costophrenic angles (Fig. 2). 

The clinical diagnosis was tight mitral stenosis with 
mild mitral insufficiency possibly of congenital origin, be- 
cause of the history. 


FIGURE 2. Preoperative chest 
roentgenogram, frontal view (left) 
and lateral view (right), showing 
left atrial enlargement and pulmo- 
nary venous congestion with bilat- 
- eral basal Kerley-B lines. 
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TABLE | 
Cardiac Catheterization Data 
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Oxygen 
Satura- 
tions 
Site (%) Pressures (mm Hg) 
Inferior vena cava 67.2 
Right atrium 
Low 58.2 a=liv=8 (4) 
Mid 59.5 x =5, y= 6 
High 61.0 
Superior vena cava 65.5 
Right ventricle 58.5 80/4-9 
Right atrium 
At valve 60.5 
Mid 58.5 
Superior vena cava 60.5 
Right pulmonary capillary a = 38,v = 40 (40) 
wedge x =.30;y = 26 
Left ventricle 84.0 90 /5-10 
Main pulmonary artery 59.5 85/55 (65) 
Right brachial artery 89.0 90/60 (70) 
Pulmonary artery to right 85/55 
ventricle, high, to right 85/5-9 
ventricle, low 85/5-9 
Left ventricle to aorta 90 /5-10 
90/60 
Cardiac output (liters/min) 3.4 
Cardiac index (liters/min per m?) 2.98 
Mitral valve area (cm?) 0.89 
Pulmonary vascular resistance (units) 8.2 
Systemic vascular resistance (units) 20.3 
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Figures in parentheses indicate mean pressures. 


The findings at cardiac catheterization are presented in 
Table I. The presence of corrected transposition was sus- 
pected when difficulty was encountered in catheterizing 
the medially situated pulmonary artery and when a retro- 
grade brachial arterial catheter entered the aorta, which 
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was situated anteriorly and to the left. Pulmonary and 
systemic arterial pressures were virtually identical, the 
severe pulmonary hypertension resulting from a greatly 
increased wedge pressure (mean 32 mm Hg). A mean dia- 
stolic gradient of 22 mm Hg was present across the left 
atrioventricular (A-V) valve. The latter had an orifice cal- 
culated to be 0.84 cm? by the Gorlin formula, assuming no 
mitral insufficiency. 

Retrograde biplane angiograms obtained from the left- 
sided systemic ventricle revealed a chamber with the ana- 
tomic characteristics of a right ventricle: a prominently 
trabeculated inner wall, a well developed infundibulum 
and obvious separation of the left A-V and aortic valves. 
The aorta was situated anteriorly and to the left, and the 
aortic valve was higher than the pulmonary valve; the cor- 
onary arteries were inverted (Fig. 3). Cineangiographic 
studies performed in the right anterior oblique position in 
this ventricle were interpreted as revealing a rigid A-V 
valve with mild mitral insufficiency. A pulmonary arterial 
angiogram filled a large left atrium from which there was 





FIGURE 4. Echogram. See text. ANT. = anterior; “MV = 
“mitral,” left sided A-V valve; POST. = posterior. 


FIGURE 3. Biplane angiogram 
performed in left-sided (systemic) 
ventricle showing /-transposition of 
aorta which arises from an ana- 
tomic right ventricle; frontal view 
(left) and lateral view (right). The 
aortic valve is elevated by the well 
developed underlying infundibulum 
(Inf). Mild mitral insufficiency opac- 
ifies an enlarged left atrium. The 
supravalvular ring (between ar- 
rows) separating the left ventricle 
(LV) and the left atrium (LA) was 
valve. Ao = aorta; INF = infundib- 
ulum. 


a slow clearing of contrast material. There was no evi- 
dence of cor triatriatum or myxoma. 

An echogram was performed after the cardiac catheter- 
ization (Fig. 4). The left A-V valve was located 7 cm 
below the anterior chest wall. The tracing appeared to 
demonstrate a rapid closing velocity of the valve, but in- 
terpretation was difficult because of a heart rate of 92 
beats/min and a long P-R interval, factors that tend to 
obscure the reopening movement of the leaflet produced 
by atrial systole. 

In view of the severity of the patient’s symptoms and 
the severe hemodynamic disturbance, surgery was recom- 
mended. The absence of lesions such as ventricular septal 
defect and pulmonary stenosis which are commonly asso- 
ciated with corrected transposition lended support to this 
decision since a ventriculotomy with its attendant poten- 
tial to produce heart block and damage to the coronary 
arteries would be avoided. 

Operation was performed through a median sternotomy. 
Utilizing cardiopulmonary bypass with moderate hypother- 
mia a left atriotomy was performed. This revealed a fi- 
brous diaphragm with a central aperture of approximately 
1 cm? situated immediately above the annulus of the left 
A-V valve. The A-V valve itself was completely obscured 
by the supravalvular stenosing ring. When the ring was 
excised, the typical anatomic features of an Ebstein’s 
malformation of the valve were evident. A portion of the 
anatomic right ventricle was “atrialized’’ by the down- 
ward displacement of the leaflets below the annulus, and 
the leaflets were plastered to the inner wall of the ventri- 
cle (Fig. 5). Because of the severity of the Ebstein’s mal- 
formation, the valve was excised and replaced with a 2M 
Starr-Edwards prosthesis. The patient made an unevent- 
ful recovery and has remained well. 


Comment 


A supravalvular stenosing ring closely resembles 
cor triatriatum in that the left atrium is divided into 
2 chambers. However, it differs in that the circum- 
ferential ridge of connective tissue of the ring arises 
at the base of the atrial surfaces of the mitral leaflets 
and protrudes into the orifice of the mitral valve; in 
addition, the left atrial appendage and the pulmo- 
nary veins communicate with the left atrium in nor- 
mal fashion.! The lesion is probably more common. 
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than indicated by the few published reports. We 
have been able to find documentation of only 17 
cases.}-9 

Associated anomalies: In none of the reported 
examples of supravalvular stenosing ring did the le- 
sion exist as an isolated anomaly. The associated 
malformations may be roughly divided into 2 groups: 
(1) Those in which the ring exists as a component of 
the developmental complex of obstructive anomalies 
of the left side of the heart described by Shone et al.° 
In this syndrome a parachute mitral valve, subaortic 
stenosis and coarctation of the aorta may coexist. Of 
the 8 cases described by these authors the ring was 
obstructive in 3 and nonobstructive in the remain- 
der. (2) Those in which the important associated le- 
sion is a left to right shunt through a ventricular 
septal defect or a patent ductus arteriosus. In this 
group of 9 cases, the ring was obstructive in 7 cases 
and nonobstructive in the remaining 2. The latter 2 
cases were examples of corrected transposition in 
which a patent ductus arteriosus was present in one 
case and a ventricular septal defect in the other. In 
both cases the ring measured 2.5 cm in diameter and 
the associated left atrial dilatation was thought to 
result from a combination of the left to right shunt 
and an incompetent Ebstein’s valve rather than ob- 
struction produced by the ring.*:1° 

The case reported here thus represents a unique 
combination of a severely stenotic ring in association 
with corrected transposition of the great vessels pro- 
ducing the clinical features of mitral stenosis. Among 
cases of corrected transposition of the great vessels it 
is well recognized that associated defects such as 
ventricular septal defect, atrial septal defect and 
pulmonary stenosis may be absent. In a recent re- 
view of 230 cases of corrected transposition, Shem- 
Tov et al.11 found 28 cases without associated de- 
fects. However, in the majority of these cases, some 
degree of left sided A-V insufficiency and A-V block 
was present. Our case would fit into this latter group 
in that first degree A-V block was present and Eb- 
stein’s malformation of the left A-V valve was found 
at surgery. However, it differs in that the entire pic- 
ture was dominated by the severe hemodynamic dis- 
turbance resulting from the stenotic supravalvular 
ring. In contrast to the well recognized frequency of 
the insufficiency of the left-sided A-V valve in cor- 
rected transposition, stenotic lesions are rare. Schie- 
bler et al.12 pointed out that mild stenosis of the 
valve may occur in Ebstein’s disease, but severe ste- 
nosis of the inverted Ebstein’s valve is rare among 
cases of corrected transposition, and we have been 
able to find reports of only 2 such cases with autopsy 
verification.13:14 In an additional case reported by 
Anderson et al.!° in which the presenting feature was 
pulmonary venous obstruction, the diagnosis was 
made at cardiac catheterization and the anatomic le- 
sion could have been a supravalvular stenosing ring 
or astenotic Ebstein’s valve. 

Diagnosis: In the majority of cases of supraval- 
vular stenosing ring, the diagnosis was made at au- 
topsy or at the time of operation for a ventricular 
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FIGURE 5. Artist's impression of malformation described. The 
stenotic supravalvular ring (SVR) is situated above a tricuspid 
valve (TV) which is displaced downward and plastered to the 
inner wall of the cavity of left-sided anatomic right ventricle 
(LV). The infundibulum of this ventricle (INF) elevates the tran- 
sposed aortic valve. The right-sided ventricle (RV) has anatomic 
characteristics of a left ventricle with mitral-pulmonary continu- 
ity. AM = anterior mitral leaflet; Ao = aorta; LA = left atrium; 
LCA = left coronary artery; PA = pulmonary artery. 


septal defect. The importance of diagnosing this le- 
sion preoperatively is evident. Failure to do so has 
resulted in fatal outcome in the postoperative period 
following closure of a ventricular septal defect. 
Lynch et al. made a correct preoperative diagnosis 
of supravalvular mitral stenosis in the presence of a 
ventricular septal defect and successfully repaired 
both lesions; the supravalvular ring had 2 openings 
with a total diameter of the orifices of 1 cm?. The 
diagnosis was made by demonstration of an intra- 
atrial pressure gradient (transbronchial technique) 
and a gradient between the proximal left atrium and 
the left ventricle. They suggested that in the pres- 
ence of a ventricular septal defect with an apical 
mid-diastolic murmur the diagnosis of supravalvular 
ring should be entertained when presystolic accentu- 
ation of the mid-diastolic murmur is present and 
when the first heart sound is delayed. Lynch et al.® 
pointed out that statistically a ventricular septal de- 
fect is more likely to be associated with supravalvu- 
lar rather than mitral valvular stenosis. 

The presence of a supravalvular ring can presum 
ably be determined with the use of selective left ve 
tricular angiography by distinguishing the mitr 
valve leaflets separate from the ring above; we a 
not aware of a case having been diagnosed in t 
manner. In our patient the leaflets of the Ebstei 
valve were not identified during cineangiography a 
the ring was thought to be the fused leaflets o 
stenotic valve. In retrospect, the fact that the leve 
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the stenosis was not located below the A-V ring in a 
case of corrected transposition might have suggested 
the diagnosis. A more definite way would be by con- 
secutively recording pressure either from the left 
ventricle "to the proximal left atrium (transseptal 
technique) or conversely from the proximal left atri- 
um to the left ventricle (retrograde left atrial and left 
ventricular catheterization from the brachial artery). 
Diagnostic value of echocardiography: In our 
case, an attempt was made to evaluate function of 
the left A-V valve by echocardiography. Full validity 
of the test was hampered by the presence of a long 
P-R interval, which commonly occurs in corrected 
transposition, and a heart rate of 92 beats/min, since 
these factors tend to obscure the closing velocity of 
the leaflet before the reopening produced by atrial 
systole.16 The tracing obtained after cardiac cathe- 
terization was nevertheless suggestive of a normal 
closing movement of a nonstenotic valve. Neverthe- 
less, potential value of echocardiography in the diag- 


nosis of supravalvular ring, is obvious. Echocardio- 
graphic studies of the mitral valve in left to right 
shunts resulting from ventricular septal defect or 
patent ductus arteriosus have revealed closing veloc- 
ities more rapid than normal because of the in- 
creased blood flow across the valve.1* Since most re- 
ported cases of supravalvular rings associated with a 
left to right shunt have been obstructive, echocardio- 
graphic evidence of rapid closing velocity of the mi- 
tral valve would clearly point to a supravalvular ring 
or cor triatriatum as the cause of pulmonary venous 
obstruction when there is a problem in the interpre- 
tation of the significance of a mid-diastolic murmur. 
The test might be of similar value in the cases de- 
scribed by Shone et al. in which a supravalvular ring 
is associated with obstructive anomalies of the left 
side of the heart, provided a parachute mitral valve 
is not present. The latter obstructive anomaly may 
be expected to yield an echogram consistent with 
mitral stenosis. 
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This is the first reported case of successful porcine valve replace- 
ment in a patient with congenital tricuspid stenosis. The importance 
of careful diagnostic studies is stressed, particularly with regard to 
differentiation from tricuspid atresia and identification of patients 
with tricuspid stenosis who are anatomically suited for corrective 
surgery. 


Congenital tricuspid stenosis is an uncommon congenital anomaly 
that in most cases is not amenable to corrective surgery. Described 
here is a patient with a rare variant of this lesion who was success- 
fully treated by prosthetic heterograft replacement of the tricuspid 
valve. A review of the literature revealed no other cases in which the 
patient was so treated. 


Case Presentation 


A 21 year old man was admitted to Mount Sinai Hospital on January 2, 
1969 for cardiac surgery. Cyanosis was noted shortly after birth. Growth and 
development were normal, and he remained asymptomatic until age 14 
years, when he experienced dyspnea on exertion and increasing cyanosis. 
These symptoms subsequently progressed, and in 1965 (at age 17 years) he 
underwent cardiac catheterization. During catheterization the catheter 
could not be passed into the right ventricle. An angiogram performed from 
the right atrium demonstrated a large right atrium, right to left shunting at 
the atrial level and filling of both ventricles. It was presumed that tricuspid 
atresia was present and that the right ventricle was filling through a ven- 
tricular septal defect. During the next 3 years his condition deteriorated. 

On recatheterization, a selective left ventricular angiogram revealed no 
left to right shunt at the atrial level or beyond. It was apparent that blood 
was entering the pulmonary arteries in a normal manner by passing across 
the tricuspid valve into the right ventricle. With some difficulty, the cathe- 
ter was advanced from the right atrium into the right ventricle. There was 
a mean diastolic gradient of 3 mm Hg across the tricuspid valve (Fig. 1). 
Right ventricular pressure was 22/11 mm Hg and there were large a waves 
in the right atrium with a magnitude of 12 mm Hg. Right ventricular an- 
giograms demonstrated a right ventricular chamber that was smaller than 
normal but not significantly hypoplastic, and there was no outflow obstruc- 
tion. The tricuspid valvular ring appeared reduced in size. It was concluded 
that the patient had tricuspid stenosis with a right to left shunt at the atri- 
al level. 

Pertinent physical findings on admission were deep cyanosis and clubbing 
of toes and fingers; moderate neck vein distention with a prominent a wave, 
a left parasternal heave, and a grade 2/6 systolic ejection murmur along the 
entire left sternal border. Chest roentgenogram revealed prominence of the 
left ventricular contour. The pulmonary circulation was within normal lim- 
its. Electrocardiogram showed peaked P waves in leads II, II and aVF, ab- 
normal left axis deviation and voltage criteria for left ventricular hypertro- 
phy (Fig. 2). 

At operation, the diagnosis of tricuspid stenosis with atrial septal defect 
was confirmed. The tricuspid orifice was 0.8 cm in its greatest diameter 
and the narrowing was due to fused commissures. The edges of the tricus 
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FIGURE 1. Catheter tracings of right ventricular (RV) and right 
atrial (RA) pressures demonstrating the diastolic gradient across 
the tricuspid valve. 


pid leaflets revealed some irregularities and mild thicken- 
ing but no calcification. The annulus measured 23 mm in 
diameter. A 3 by 4 cm secundum type atrial septal defect 
was present. The right ventricle was reduced in size but 
not hypoplastic. The hypertrophied moderator band was 
traversing the inflow tract, as felt on palpation, and was 
obviously limiting the size of the right ventricular cavity. 
There was also an island of calcification, 0.7 cm in diame- 
ter, in the membranous interventricular septum. The mi- 
tral valve was normal (Fig. 3). The tricuspid valve was re- 
placed by a 23 mm stented porcine aortic heterograft in a 
reverse position. A valvulotomy was not feasible because 
of the deformity of the valvular leaflet. The moderator 
band, where the anterior papillary muscles were attached, 
was excised because it was severely restricting the right 
ventricular cavity. The atrial septal defect was closed 
with a pericardial patch. 

Postoperatively, the patient’s condition showed great 
improvement. Selective atrial angiogram 4 months later 
demonstrated that the right atrium emptied well into the 
right ventricle, and there was no residual right to left 
shunt. Two years after operation, the patient was leading 
a normal life and had returned to full activity. 


Discussion 


Incidence and anatomic considerations: Tri- 
cuspid stenosis is most commonly an acquired lesion, 
the result of rheumatic heart disease. Congenital tri- 
cuspid stenosis is rare, occurring only 3 times in Ab- 
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bott’s series of 1,000 cases of congenital heart dis- 
ease.1 

Tricuspid stenosis is frequently associated with 
other anomalies, and the reported cases demonstrate 
a variety of combinations. The most common con- 
stellation consists of tricuspid stenosis, significant 
right ventricular hypoplasia and pulmonic valvular 
stenosis or atresia. Other lesions, such as ventricular 
septal defect, atrial septal defect or patent ductus 
arteriosus, may also be present.?-4 

The narrowed tricuspid orifice is usually the con- 
sequence of a small valvular ring (tricuspid valve hy- 
poplasia) with relatively normal leaflets; however, 
occasionally the narrowing may be due to commis- 
sural fusion.?:4:5 In the latter situation, the 3 valvu- 
lar cusps are thickened and are not sharply demar- 
cated; the chordae tendineae may be short and ab- 
normal. 

The size of the right ventricle varies, the spectrum 
ranging from marked hypoplasia to normal size. In 
rare cases, the latter situation may occur in associa- 
tion with a large ventricular septal defect.?-6 

It is important to define the anatomic features in 
patients with congenital tricuspid stenosis because, 
in a few cases, surgical correction will be possible.2-* 
The favorable anatomic features in our patient in- 
cluded a right ventricle of adequate size and a nor- 
mal right ventricular outflow tract. 

Diagnosis: The congenital heart defect that 
most closely mimics tricuspid stenosis is tricuspid 
atresia.*»8»9 It is vital to make this differentiation, 
since only palliative surgery is available for the lat- 
ter, but corrective surgery may be possible in some 
cases of the former. Clinically, it may be difficult, as 
in our case, to distinguish the 2 lesions.?:!° Both can 
produce cyanosis without right ventricular hypertro- 
phy,'! and in both the electrocardiogram may show 
left axis deviation, left ventricular hypertrophy and 
right atrial enlargement. At catheterization, one can 
rule out tricuspid atresia by passing a catheter into 
the right ventricle.? However, inability to enter the 
right ventricle does not rule out tricuspid stenosis.’ 

A small diastolic pressure gradient was demon- 
strable across the orifice of the tricuspid valve in our 
patient. The size of the gradient is a poor guide to 
the severity of congenital tricuspid stenosis, since a 


FIGURE 2. Admission electrocardiogram 
taken before heart surgery (see text for 
description). “ 
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FIGURE 3. Drawing of operative findings. 
A, showing the atrial septal defect (secun- 
dum), the stenotic tricuspid valve and the 
small right ventricle. B, illustrating the hy- 
pertrophied moderator band with its anterior 
papillary muscle attachment, which was re- 
Stricting the right ventricular cavity. An 
island of calcification is shown in the mem- 
branous interventricular septum. A 


large right to left shunt in the atria will reduce tri- 
cuspid flow and thus abolish or reduce the gradi- 
ent.5.6 

Angiography is useful in differentiating between 
tricuspid stenosis and tricuspid atresia. Right atrial 
angiography should be performed first. High speed 
Schonander films or cineangiograms should be used 
to demonstrate the sequence of right ventricle filling. 
In tricuspid stenosis the right ventricle will be seen 
to fill directly from the right atrium, whereas in 
tricuspid atresia it fills from the left ventricle. If the 
filming of the right atrial injection is not performed 
rapidly, one will see simultaneous opacification of 
both ventricles in both lesions, thus making it impos- 
sible to differentiate between them. 

When right atrial angiographic studies are not di- 
agnostic, left ventricular angiograms may be of 
value. In tricuspid atresia, one will always see a ven- 
tricular septal defect, patent ductus arteriosus or in- 
creased bronchial collateral vessels. Absence of these 
lesions, as in our patient, will rule out tricuspid atre- 
sia. If, in a case of tricuspid stenosis, the right ven- 
tricle can be entered, then right ventricle angiogra- 
phy should be performed to assess right ventricular 
size and to exclude obstruction of the outflow tract. 

Therapy: For patients with congenital tricuspid 
stenosis, a small right ventricle and pulmonary atre- 
sia, the only therapy available is palliation by means 
of a shunting procedure (for example, Blalock or 
Glenn).* Surgical correction of the tricuspid stenosis 
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by valvulotomy or valve replacement is theoretically 
possible for any patient who has a relatively normal- 
sized right ventricle.?:-3-8 It would be dangerous to 
relieve the tricuspid valvular block in the presence of 
a very small right ventricle, because the chamber | 
could not handle the increased flow. 

There are only 2 previously reported cases with 
surgical correction. Sapirstein and Baker’ reported a 
case of isolated congenital tricuspid stenosis success- 
fully corrected by digital commissurotomy. Medd 
et al.8 described a patient who underwent valvulot- 
omy and repair of an atrial septal defect despite a 
small right ventricle. It is possible that the right 
ventricular chamber in this case, as in ours, was 
somewhat hypoplastic but not very small. 

Ours is the first reported case of congenital tricus- 
pid stenosis treated with valve replacement. Valvu- 
lotomy was not feasible and, despite a small valvular 
ring, sufficient patency was obtained through the use 
of a prosthesis. A perfect hemodynamic result was 
not possible, as evidenced by the postoperative in- 
crease in right atrial pressure. Nevertheless, clinical- 
ly and hemodynamically the operation was a success. 

It is apparent from the 3 cases cited that patients 
with suspected tricuspid stenosis or atresia should 
undergo complete studies designed to determine an- 
atomic features amenable to correction. Additional 
patients may be found whose lesion has been mistak- 
enly diagnosed as tricuspid atresia and who perhaps 
have been unnecessarily denied corrective surgery. 
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A patient with atrial fibrillation and a Starr-Edwards mitral prosthetic 
valve was found to have a prominent closure sound audible with the 
unaided ear at a distance from the chest wall. After cardioversion, 
sinus rhythm with first degree atrioventricular (A-V) block resulted. 
The valve closure sound was now just audible with a stethoscope. 
Fluoroscopic observation of the valve at this time with simultaneous 
electrocardiogram and phonocardiogram demonstrated that valve 
closure occurred at the end of the prolonged P-R interval before 
ventricular contraction. This precluded the normally vigorous contact 
between ball and ring that occurs with ventricular systole and ac- 
counted for the absence of the normally prominent closure sound. 
With improvement in A-V conduction and a P-R interval of 240 
msec, a prominent closure sound returned, with valve closure oc- 
curring under the influence of ventricular systole as in a subject with 
normal A-V conduction. However, a shorter than normal Q-CC in- 
terval at this time indicated that even this slight prolongation of A-V 
conduction still permitted some atrial contribution to valve closure. 


In the patient with a normally functioning Starr-Edwards mitral 
valve prosthesis, valve closure coincides with the onset of left ven- 
tricular contraction and produces a loud artificial sound as the ball 
strikes the ring of the metal cage. The interval between the Q wave 
of the electrocardiogram and the sound, the Q-CC interval, is about 
73 msec! and is longer than the normal Q-1 interval.2 Absence 
or reduced intensity of the first sound has been documented in pa- 
tients with valvular malfunction due to ball variance or to fibrin or 
clot formation that prevents normal seating or movement of the ball. 

This paper describes the findings in a patient who had a marked 
decrease in intensity of a previously loud closure sound as the result 
of presystolic valve closure following the onset of first degree atrio- 
ventricular (A-V) block. 


Case Report 


A 44 year old housewife was seen at the Adult Cardiac Clinic of the Alba- 
ny Medical Center Hospital in December 1970 for evaluation of a heart 
murmur. Clinical examination detected mitral stenosis, right ventricular 
hypertrophy and pulmonary hypertension. No opening snap was detected. 
The rhythm was sinus. Cardiac catheterization in February 1971 revealed a 
severely stenotic and slightly incompetent mitral valve. The mean pulmo- 
nary arterial pressure was 52 mm Hg. Left ventricular end-diastolic pres- 
sure was normal, and the aortic and tricuspid valves were intact. 

In April 1971 the mitral valve was exposed at operation and found to be 
grossly distorted, partly calcified and severely stenotic. It was not amenable 
to commissurotomy and was replaced with a no. 2 Starr-Edwards prosthe- 
sis, model 6310. In the recovery room the patient was noted to have atrial 
fibrillation, and this dysrhythmia persisted until her discharge from the 
hospital 3 weeks later. She was digitalized, and given maintenance doses of 
digoxin, 0.25 mg orally per day. Administration of sodium warfarin was 
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FIGURE 1. Phonocardiogram before cardioversion demonstrat- 


ing prominent closure and opening sound of mitral valve pros- 
thesis. 


commenced and continued after her discharge. Through- 
out the hospital course, the expected phenomena in pa- 
tients with a mitral valve prosthesis were detected by aus- 
cultation, and the valve closure sound was audible with 
the unaided ear at a distance from the chest wall. A pho- 
nocardiogram obtained a few days before discharge dem- 
onstrated prominent closure and opening sounds, the for- 
mer coinciding with the termination of the QRS complex 
with a Q-CC interval of approximately 80 msec (Fig. 1). 

The patient was examined at the Adult Cardiac Clinic 1 
month later. Atrial fibrillation persisted, and the auscul- 
tatory and phonocardiographic findings were unchanged. 
Symptomatically, the condition of the patient was much 
improved in comparison with her preoperative state. Di- 
goxin therapy was continued and quinidine, 200 mg, was 
administered every 6 hours by mouth. One week and 
again 1 month later atrial fibrillation was found to persist; 
the auscultatory findings were unchanged. Administration 
of digoxin was discontinued, and 2 days later the patient 
was admitted for electrical conversion of the dysrhythmia. 
On admission she was noted to have a regular rhythm 
with an apical and radial pulse rate of 120/min. An elec- 
trocardiogram revealed atrial flutter with 2:1 atrioven- 
tricular (A-V) conduction. Cardioversion was effected 
with a single application of 25 joules of energy. The elec- 
trocardiogram immediately after this procedure revealed 
sinus rhythm with first degree A-V block, the P-R inter- 
val measuring 280 msec. 

Auscultation after cardioversion detected a very faint 
first heart sound audible only with a stethoscope. There 
was no evident change in aortic valve closure or in the 
mitral valve opening sound. The patient commented that 
the valve was now inaudible to her. A phonocardiogram 
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confirmed the decrease in intensity of the first sound and 
revealed a Q-1 interval of approximately 20 msec (Fig. 
2A). Two weeks later with no further change in the P-R 
interval, the reason for the barely audible first sound was 
elucidated. The phonocardiogram (Fig. 2B) disclosed a 
new finding, the presence of 2 sounds associated with 
valve opening. These auscultatory findings persisted until 
February 1972 when a prominent closure sound was again 
detected. On this date, the patient’s A-V conduction had 
improved and the P-R interval was 240 msec (Fig. 3). The 
Q-CC interval at this time was 60 msec, a value interme- 
diate between that obtained on the first and second re- 
cordings (Fig. 1 and 2) and shorter than that in patients 
with normal A-V conduction and sinus rhythm.1 

Simultaneous recording of valve movement, phono- 
cardiogram and electrocardiogram: Tracings from this 
patient were compared with those from another patient 
with a prosthetic mitral valve, a normal P-R interval and 
a normal closure sound. Each mitral prosthesis was ob- 
served with a Phillips portable image intensifier while si- 
multaneously recorded phonocardiogram and electrocar- 
diogram were visualized on the oscilloscope of a Cam- 
bridge multichannel physiologic recorder. With the use of 
2 television cameras and a special effects generator, valve 
movement and simultaneous electrocardiogram and pho- 
nocardiogram were recorded on video tape. In the patient 
with normal A-V conduction, the ball appeared to move 
equally rapidly from apex to base of the cage and in the 
reverse direction. Slow playback from the video tape re- 
vealed that the ball moved from the apex of the cage to 
its base only after inscription of the QRS complex and 
that a loud sound occurred as the ball struck the base of 
the cage (Fig. 4A). The ball remained in this position 
until approximately 100 msec after inscription of the aor- 
tic closure sound; at this time sufficient increase in atrial 
pressure had occurred to open the valve by vigorously dis- 
placing the ball to the apex, thus producing a loud open- 
ing sound (Fig. 4B). 

In our patient during fluoroscopic study and on play- 
back of the video tape, normal seating of the ball at 
the valve ring was observed at the time of the closure 
sound, and the ball twice struck the apex of the cage 
early in diastole. However, unlike findings in the patient 
with normal A-V conduction, the rate of movement of the 
ball from the cage apex to ring was considerably slower 
than in the reverse direction and contact of the ball with 
the ring was barely audible. It was therefore considered 
probable that the slow transit time of the ball from apex 
to ring occurred during the long P-R interval as a result of 
reversal of the atrioventricular pressure gradient after 
atrial contraction. It was postulated further that this atri- 
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FIGURE 2. Phonocardiograms after cardioversion demonstrating (A) decreased intensity and early appearance of first heart sound al 
a (B) weak first sound and 2 sounds with valve opening (O.S.). 
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al contribution to ventricular filling was sufficient to close 
the valve during presystole, precluding the vigorous con- 
tact between ball and ring and production of the usually 
loud sound produced by ventricular contraction. 

This hypothesis was documented by obtaining from the 
television screen serial single photographic exposures on 
35 mm film during playback from the video tape. Figure 5 
shows photographic enlargements of these exposures dur- 
ing various phases of the cardiac cycle. Figure 5A demon- 
strates that during the P-R interval and before inscription 
of the QRS complex, the ball has left the apex of the cage 
and is moving toward the ring. When the peak of the R 
wave is inscribed (Fig. 5B), the ball is almost seated in 
the ring and is completely seated a few milliseconds later 
when the R wave is completed (Fig. 5C). In this figure, a 
faint first sound is noted during inscription of the QRS 
complex. This early sound is better visualized in Figure 2 
and can be compared with the much later and louder 
sound documented when the patient had atrial fibrillation 
(Fig. 1) and when improved A-V conduction was present 
with sinus rhythm (Fig. 3). As in the patient with normal 
A-V conduction, the ball remains in the ring at the time 
of aortic closure (Fig. 5D) and moves to the apex to pro- 
duce the opening click approximately 100 msec later when 
left ventricular pressure has fallen below the level of atrial 
pressure (Fig. 5E). In February 1972, fluoroscopic study 
with phonocardiograms revealed that closure of the valve 
occurred with the onset of systole. 


Discussion 


Recent work has suggested that in the patient 
with sinus rhythm, normal A-V conduction and a 
healthy normally functioning mitral valve, closure of 
the valve is a relatively silent event that can occur 
before the onset of ventricular contraction. Luisada 
et al.? suggested that mitral valve closure usually 
precedes the onset of left ventricular contraction 
when A-V conduction is normal, whereas the find- 
ings of Shah et al.* indicate that a P-R interval of 
0.2 second or longer is necessary for this to occur. 
The latter authors indicated that in patients with a 
P-R interval of less than 0.1 second, mitral valve 
closure is mainly the result of ventricular contrac- 
tion. 

Although numerous studies of the auscultatory 
findings in patients with Starr-Edwards mitral valve 
prostheses have been reported, there are none that 
document findings in first degree A-V block. How- 


FIGURE 4. Subject with normal 
P-R interval. Simultaneous record- 
ing of valve movement, electro- 
cardiogram and first heart sound. 
A, mitral valve prosthesis at time of 
closure. Closure sound coincides 
with termination of QRS inscription. 
B, prosthesis in open position. 
Phonocardiogram demonstrates 
second heart sound and valve open- 
ing sound. 
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FIGURE 3. Phonocardiogram showing reappearance of promi- 
nent closure sound after improvement in A-V conduction. 


ever, decreased intensity of mitral valve closure in 
normally functioning prostheses has been docu- 
mented in patients with atrial fibrillation. In these 
patients, the intensity of the closure sound varies in- 
versely with the length of the preceding R-R inter- 
val. Since the Q-CC interval also varies inversely 
with the length of the preceding R-R interval, Hult- 
gren and Hubis! and Boicourt et al.5 have suggested 
that early closure of the mitral valve occurs after the 
long R-R interval as a result of partial return of the 
ball toward the closed position before the onset of 
systole. It is assumed that the longer diastolic inter- 
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val permits time for reversal of the A-V gradient 
after valve opening and partial closure before ven- 
tricular systole. In the same patient at comparable 
heart rates after conversion from atrial fibrillation to 
sinus rhythm, the Q-CC interval is shorter with 
sinus rhythm than with atrial fibrillation; thus, it 
has also been suggested that closure of a prosthetic 
mitral valve normally is facilitated by atrial systolic 
contribution to ventricular filling. However, it is evi- 
dent from our findings that, unlike the normal mitral 
valve, the prosthetic valve is not closed under the in- 
fluence of atrial systole and relaxation provided the 
P-R interval is normal. This phenomenon may relate 
in part to a greater degree of inertia in the prosthetic 
valve than in the normal leaflets. Moreover, since 


FIGURE 5. Patient with first degree A-V block. A, 
mitral valve prosthesis during presystole demon- 
strating ball midway between apex and ring. B, 
prosthesis demonstrating ball almost seated in ring 
before left ventricular contraction. C, prosthesis in 
closed position. Phonocardiogram reveals faint first 
sound before left ventricular contraction. D, pros- 
thesis in closed position at time of aortic valve clo- 
sure. E, mitral prosthesis in open position. Phono- 
cardiogram reveals opening sound. 


the prosthetic valve produces a slight atrial pressure 
gradient in diastole, reversal of this gradient is less 
likely at comparable P-R intervals than is the case 
with the natural valve. It is nevertheless evident 
that, provided sufficient time exists between atrial 
and veniricular systole, prosthetic valve closure can 
occur before ventricular systole. It is also of interest 
that, although the patient’s closure sound returned 
when the P-R interval was 0.24 second, the Q-CC of 
60 msec was considerably shorter than that in the 
patient with a normal P-R interval. This finding 
suggests that atrial contraction and relaxation still 
contribute to closure of the valve at this time. Pro- 
longation of the Q-CC interval is anticipated if nor- 
mal A-V conduction returns. 
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A case of hypomagnesemia and refractory cardiac arrhythmia is 
presented. The patient had no evidence of clinical heart disease and 
was not receiving digitalis therapy. The cardiac arrhythmia was re- 
fractory to all usual forms of therapy but was instantly abolished with 
intravenous magnesium therapy. The unusual nature of this relation 
and a possible hypothesis to explain its occurrence are discussed. 


The association of hypomagnesemia with cardiac arrhythmia and 
digitalis toxicity has been described.!-> Hypomagnesemia presenting 
as a serious intractable cardiac arrhythmia in the absence of clinical 
heart disease and digitalis therapy is not frequently recognized. This 
study reports and describes the successful treatment of such an ar- 
rhythmia with intravenously administered magnesium after usual 
antiarrhythmic therapy had failed. 


Case Report 


A 72 year old white woman was brought to the emergency room because 
of the occurrence of syncope 2 hours earlier. She had noted frequent dizzy 
spells during the 2 preceding weeks. The episode on the day of admission 
was described as a sudden onset of palpitations followed by dizziness and 
then loss of consciousness for several minutes. She denied previous chest 
pain, shortness of breath or trauma. There was no history of dizziness or 
syncope. 

The patient had undergone hysterectomy 16 years earlier for carcinoma of 
the cervix and, 2 years later, surgery for lysis of intestinal adhesions. She 
had received cobalt therapy to the abdominal area. For several months be- 
fore this admission, she had experienced episodes of diarrhea with intermit- 
tent periods of bulky stools. 

Physical examination revealed a lethargic elderly woman in no acute dis- 
tress. The blood pressure obtained during sitting was 140/85 mm Hg in 
both arms. There was no postural hypotension. The pulse was 78/min with 
premature systoles. Examination of the heart and lungs was within normal 
limits. The electrocardiogram showed normal sinus rhythm with frequent 
atrial and occasional ventricular premature systoles. Minor S-T wave 
changes were noted. The Q-T interval was normal (Fig. 1). 

Intravenous administration of lidocaine did not decrease the frequency of 
the ventricular premature systoles. The serum potassium level on admission 
was 2.3 mEq/liter (laboratory normal 3.5 to 5.3 mEq/liter.) The blood urea 
nitrogen level was 28 mg/100 ml. Potassium chloride, administered intrave- 
nously, corrected the serum potassium level to 4.5 mEq/liter, but did not 
change the frequency of the extrasystoles. Twenty-four hours after admis- 
sion, frequent episodes of supraventricular tachycardia with periods of aber- 
rant conduction were observed on the cardiac monitor. At this time the 
serum potassium level was 3.0 mEq/liter. During these episodes the patient 
felt dizzy and was hypotensive. During the next 36 hours, these episodes 
continued (Fig. 2) and were unresponsive to intravenous administration of 
lidocaine, procainamide and diphenylhydantoin. Quinidine was adminis- 
tered but was discontinued because of vomiting and diarrhea. An attempt 
to override the arrhythmia with transvenous atrial and ventricular pacing 
was unsuccessful. Direct-current cardioversion was not performed because 
of the transient nature of the episodes. 
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Pertinent serum laboratory values at that time were 
magnesium 0.4 mg/100 ml (laboratory normal 1.4 to 2.8), 
potassium 4.6 mEq/liter (during potassium chloride infu- 
sion) and calcium 5.6 mg/100 ml. 

During the next paroxysm of supraventricular tachycar- 
dia with aberrant conduction, 2 cc of 25 percent magne- 
sium sulfate injected intravenously caused prompt return to 
sinus rhythm (rate 60 beats min). The patient was then 
given a constant infusion of 1 g of magnesium sulfate per 
hour for 12 hours, at which time the serum magnesium 
had returned to normal. 

Complete work-up revealed malabsorption syndrome to 
be the cause of hypomagnesemia. This finding was docu- 
mented by a 61 g, 48 hour fecal fat excretion study and an 
abnormal small bowel X-ray examination. She has been 
receiving oral and intramuscular magnesium supplemen- 
tation for the past 12 months and has had no recurrence of 
dizziness, syncope or cardiac arrhythmia. All serum elec- 
trolytes have remained within normal limits. 


Discussion 


Magnesium deficiency has been found to be associ- 
ated with malabsorption syndrome, diuretic thera- 
py,® and chronic alcoholism.’ Other associated con- 
ditions have been described.* 1! Signs and symptoms 
attributable to magnesium deficiency include the 
following: lethargy, muscular weakness with fascicu- 
lations, gross tremors, mental and personality 
changes, nausea, vomiting and anorexia.1°12 Our 
patient had gastrointestinal and neuromuscular 
symptoms in addition to cardiac arrhythmia. 

Hypomagnesemia as a cause of cardiac ar- 
rhythmias: Hypomagnesemia is known to increase 
the likelihood of digitalis-induced cardiac arrhyth- 
mias.? The mechanism may be directly related to 
decreased magnesium or mediated by decreased 
intracellular potassium concentration. Digitalis in- 
hibits cell membrane adenosine triphosphatase (AT- 
Pase) activity, resulting in decreased intracellular 
potassium,!* and magnesium is a metallocoenzyme 
that activates ATPase. Therefore, hypomagnesemia 
may contribute to digitalis-induced ATPase block- 
ade and result in a greater loss of intracellular potas- 
sium.” 

Cardiac arrhythmias associated with hypomag- 
nesemia in nondigitalized patients are rare and not 
well documented. Loeb et al.,14 who reported on 2 
patients with hypomagnesemia and paroxysmal ven- 
tricular fibrillation, indicated that the relation be- 
tween decreased serum magnesium and the cardiac 
arrhythmia was speculative. Magnesium deficiency 
predisposes to increased cardiac irritability, and this 
fact could account for the multiple atrial and ven- 
tricular premature systoles seen in our case. Magne- 
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FIGURE 1. 
normal sinus rhythm with atrial and ventricular premature sys- 
toles. 


sium deficiency also results in an uncoupling of oxi- 
dative phosphorylation and an inefficiency in the 
energy-yielding reactions necessary to maintain 
intracellular potassium concentration.!° Cardiac ar- 
rhythmias observed in patients with hypomagnese- 
mia may be due in part to the decreased cellular po- 
tassium. 

Experimental animal studies have described 
pathologic changes in the myocardium attributed to 
chronic magnesium deficiency.16-17 These changes 
include hemorrhage, inflammation, degeneration and 
fibrosis of the myocardium. Calcification has been 
described even in the absence of hypercalcemia. 

Our patient was found to have hypokalemia at the 
time of admission, and appropriate potassium re- 
placement therapy was given but had no significant 
effect on the cardiac arrhythmia. Potassium deple- 
tion that accompanies magnesium depletion is 
unique since it persists despite a large intake of po- 
tassium. Calcium therapy was not given since it was 
believed that the hypocalcemia was secondary to 
hypomagnesemia and would be reversed by adminis- 
tration of magnesium. There is evidence that the 
calcium-mobilizing properties of parathyroid hor- 
mone are impaired in hypomagnesemia.?!® In our pa- 
tient, lowered potassium and calcium levels were 
probably secondary to hypomagnesemia since these 
values returned to normal only after hypomagnese- 
mia was corrected. 
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FIGURE 2. Monitor lead showing atrial tachycardia (rate 166/min) with periods of varying atrioventricular block 


and aberrant conduction. 
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Intravenously administered magnesium sulfate 
was used in the treatment of cardiac arrhythmias as 
early as 1935. Boyd and Scherf? described the suc- 
cessful use of intravenously administered magnesium 
sulfate in patients with paroxysmal atrial and ven- 
tricular tachyarrhythmias. Most of their patients 
had organic heart disease, and some had congestive 
heart failure. Their use of magnesium was based on 
the experimental demonstration of the cardioinhibi- 
tory action of magnesium. Other reports have de- 
scribed the use of magnesium in arrhythmia secon- 
dary to digitalis toxicity.2°22 However, in these 
cases magnesium levels were not determined, and 
there was no clinical evidence of hypomagnesemia. 

In the presence of hypomagnesemia, in both digi- 
talized and nondigitalized patients, magnesium re- 


placement appears to be the preferred treatment. 
Seller et al.?-22 have demonstrated the antiarrhyth- 
mic action of intravenously administered magnesium 
sulfate under experimental conditions in digitalis- 
induced arrhythmias. Cases such as ours demon- 
strating the effectiveness of magnesium as an antiar- 
rhythmic agent in riondigitalized patients with hypo- 
magnesemia are unavailable. With increasing aware- 
ness of this relation and the more common availabil- 
ity of magnesium determinations, this entity and 
modality of therapy may be more commonly recog- 
nized. 
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The first case of spontaneous and permanent complete heart block 
in a patient with well documented muscular subaortic stenosis is re- 
ported. Hemodynamic observations were made during the periods of 
complete heart block and paced rhythm. The exact cause of the 
complete heart block in this patient is uncertain. 


Since the first description by Brock! in 1959, many reports have ap- 
peared describing the clinical, hemodynamic, radiologic and thera- 
peutic aspects of muscular subaortic stenosis.” 4 This condition has 
been found in association with several congenital and acquired car- 
diovascular lesions,5-7 but its association with spontaneous and per- 
manent complete heart block has not been previously reported to our 
knowledge. 


Report of Case 


A 63 year old man was referred to the Mayo Clinic for cardiac evaluation. 
He gave no history of rheumatic fever, hypertension or angina. A heart 
murmur was first discovered when he was 21 years old. He remained very 
active and took part in handball tournaments between the ages of 21 and 45 
years. At age 52 years, he experienced an episode of near syncope while 
playing paddle ball. Two months later he momentarily blacked out during a 
business meeting; diagnosis at that time was nervous exhaustion. Subse- 
quently, he remained essentially asymptomatic until 3 years before evalua- 
tion, when he noted dyspnea on exertion but had no chest pains and re- 
mained physically active. Eight months before evaluation, upper respirato- 
ry tract infection and acute pulmonary edema developed. He was treated 
with antibiotic agents and bed rest and his condition improved gradually. 
However, there was a progressive deterioration of his exercise tolerance, 
with exertion-induced dizziness and near syncope. These symptoms became 
more severe 1 month before his Mayo Clinic examination, when he was 
found to have frank congestive heart failure along with complete heart 
block. He was given digitalis and diuretic agents. Isoproterenol was also 
given, but since it did not increase the heart rate its use was discontinued. 
Mitral incompetence secondary to ruptured chordae tendineae was diag- 
nosed provisionally, and the patient was referred for further evaluation and 
possible surgery. 

Physical examination.revealed a heart rate of 48 beats/min and a blood 
pressure of 150/80 mm Hg. The jugular venous pressure was normal, but 
the pulse form was abnormal, revealing occasional cannon a waves. The ca- 
rotid upstroke was normal. A prominent systolic thrill was present midway 
between the left lower sternal border and the cardiac apex. The apical im- 
pulse was sustained and displaced slightly to the left. The first heart sound 
varied in intensity. A grade 5/6 pansystolic murmur, heard over the entire 
precordium, was maximal in the region of the thrill. This murmur extended 
slightly toward the left axilla but more toward the base and into both ca- 
rotid arteries. No diastolic murmur was heard. A loud ventricular gallop 
sound was heard, but no atrial sounds were audible. Results of basic labora- 
tory tests were normal. 

Serial electrocardiograms (Fig. 1) after May 1955 initially revealed, in se- 
quence, left ventricular hypertrophy with normal axis, left axis deviation, 
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Serial electrocardiograms. Left panel, May 1955. 


FIGURE 1. 
Voltage evidence for left ventricular hypertrophy, with normal 
frontal plane QRS axis. Center panel, January 1969. In addition 
to left ventricular hypertrophy, left axis deviation of mild degree 
has appeared. Right panel, June 1970. Left axis deviation has 
become more marked, and intraventricular conduction delay 
has appeared. 


intraventricular conduction delay and, finally, complete 
heart block in January 1971 (Fig. 2). Roentgenogram of 
chest and cardiac fluoroscopic study revealed no cardio- 
megaly except for minimal enlargement of the left atrium. 
No intracardiac calcification or dilatation of ascending 
aorta was noted. 

At cardiac catheterization (Table I), subvalvular aortic 
stenosis was confirmed by repeated demonstration of a 
systolic gradient between the sinus and outflow tract of 
the left ventricle (Fig. 3). The diagnosis of muscular 
subaortic stenosis was confirmed by the detection of a 
bifid pulse contour in the brachial arterial pressure trac- 
ing and an abnormal response (diminished pulse pressure) 
after an extrasystole and by left ventricular cineangio- 
grams, which revealed characteristic angulation of the 
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FIGURE 2. Electrocardiogram reveals complete heart block 
with idioventricular rhythm of 50/min. Atrial rate, 60/min. 
TABLE | 
Cardiac Catheterization Data 
Rest Pacing 
Pressures (mm Hg) 
Brachial artery 124/70 90/62 
Left ventricle 215/14-25-14 229/12-20 
Left ventricle (subvalve) iej 112/22 
Pulmonary wedge 29/11 (m = 14) 
Main pulmonary artery 48/16 (m = 26) 
Mid-right atrium 17/3 (m = 6, a = 17) 
Heart rate (beats/min) 48 78 
Cardiac index (liters/ 2.4 3.4 
min per m?) 
Stroke volume index 51 43 
(ml/m?) 
Gradient (left ventricle to 91 139 


brachial artery, mm 





cavity, with septal as well as concentric hypertrophy. No Hg) 
mitral regurgitation was seen. Coronary arteriograms re- 
vealed normal right, left main and anterior descending m = mean. 
250 
| N 
200 \ | 
150 | | 
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50 | \ FIGURE 3. Catheter withdrawal from left 
ASi N ventricular sinus to subvalvular area to as- 
ECG 0 Fes cending aorta (paced rhythm) reveals an in- 
ra SN ie iin ORIN orth. A CE a E traventricular gradient of 115 mm Hg and no 
Left Ventricle Subvalve Aorta gradient across the aortic valve. 
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arteries. A single area of narrowing of approximately 50 
percent was present in the circumflex artery. 

This patient, whose findings clearly exemplify muscular 
subaortic stenosis, was only slightly symptomatic until 
complete heart block developed spontaneously, resulting 
in progressive clinical deterioration. Thus, it seemed logi- 
cal that treatment of the heart block would improve his 
clinical state. Accordingly, insertion of a permanent de- 
mand transvenous pacemaker resulted in remarkable im- 
provement. This improvement occurred even though the 
gradient from the left ventricular cavity to the left bra- 
chial artery increased with an increase in heart rate, as in 
the patients described by Mason et al.8 A recent reexami- 
nation, 9 months after the first evaluation, revealed that 
the patient is again essentially asymptomatic. 


Comment 


A review of the English language literature revealed 
no bona fide case of muscular subaortic stenosis 
associated with spontaneous development of per- 
manent complete heart block.91! In the case re- 
ported by Luisada!? in which the patient probably 
had congenital heart block, the diagnosis of muscu- 
lar subaortic stenosis was not satisfactorily estab- 
lished. However, nonspontaneous complete heart 
block in patients with muscular subaortic stenosis 
has been reported. Transient atrioventricular disso- 
ciation occurring during cardiac catheterization was 
described by Borromeo and Wilsont? and by Glancy 
et al.14 They noted that during dissociation an in- 
crease in ventricular volume produced by a properly 
timed atrial contraction resulted in a decrease of the 
outflow tract obstruction. A similar phenomenon was 
also observed in our patient (Fig. 4). 

The development of complete heart block is known 
also as a complication in surgical relief of muscular 
subaortic stenosis.!°:16 Usually it has resulted in a 
high postoperative mortality rate despite use of car- 
diac pacemakers. The clinical deterioration coinci- 
dent with the development of complete heart block 
is analogous to the rapid deterioration associated 
with the appearance of atrial fibrillation in patients 
with muscular subaortic stenosis.1* In both situa- 
tions the loss of normal atrial transport function may 
be the determining factor. 
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FIGURE 4. Aortic and brachial arterial pressure tracings re- 


veal decrease in outflow tract obstruction (increased peak pres- 
sure and increased pulse pressure) after properly placed atrial 
contractions (second and third beats). Arrows point to P waves. 


The exact cause of complete heart block in our pa- 
tient remains unclear. Coronary arteriograms failed 
to reveal significant coronary obstructive disease to 
account for it. Since pathologic examination of 
hearts with muscular subaortic stenosis has revealed 
hypertrophy as well as fibrosis of the septum,!® it is 
conceivable that with time the fibrosis could pro- 
gress to involve the bundle branches. If this is true, 
longer follow-up studies of patients with this condi- 
tion might reveal this association to occur more fre- 
quently. On the other hand, it is a likely possibility 
that the association of muscular subaortic stenosis 
and of complete heart block in our patient was due 
to chance. 


References 


1. Brock R: Functional obstruction of the left ventricle (ac- 
quired aortic subvalvular stenosis). Guys Hosp Rep 
108:126-143, 1959 

2. Braunwald E, Lambrew CT, Rockoff SD, et al: Idiopathic 
hypertrophic subaortic stenosis. 1. A description of the dis- 
ease based upon an analysis of 64 patients. Circulation 30: 
suppl 4:1-119, 1964 

3. Menges H Jr, Brandenburg RO, Brown AL Jr: The clinical, 
hemodynamic, and pathologic diagnosis of muscular sub- 
valvular aortic stenosis. Circulation 24:1126-1136, 1961 

4. Cherian G, Brockington IF, Shah PM, et al: Beta-adrener- 
gic blockade in hypertrophic obstructive cardiomyopathy. 
Brit Med J 1:895-898, 1966 

5. Parker DP, Kaplan MA, Connolly JE: Coexistent aortic val- 
vular and functional hypertrophic subaortic stenosis: clini- 
cal, physiologic and angiologic aspects. Amer J Cardiol 
24:307-317, 1969 

6. Moreyra E, Knibbe P, Brest AN: Hypertension and muscu- 


January 1973 


lar subaortic stenosis. Chest 57:87-90, 1970 

7. King SM, Vogel JHK, Blount SG Jr: Idiopathic muscular 
subvalvular aortic stenosis with associated congenital car- 
diovascular lesions. Amer J Cardiol 15:837-847, 1965 

8. Mason DT, Cohn LH, Ross J Jr, et al: Idiopathic hypertro- 
phic subaortic stenosis: effects of changes in heart rate on 
the severity of obstruction to left ventricular outflow. Amer J 
Cardiol 19:797-805, 1967 

9. Bahl OP, Walsh TJ, Massie E: Electrocardiography and 
vectorcardiography in idiopathic hypertrophic subaortic ste- 
nosis. Amer J Med Sci 259:262-271, 1970 

10.. Estes EH Jr, Whalen RE, Roberts SR Jr, et al: The electro- 
cardiographic and vectorcardiographic findings in idiopathic 
hypertrophic subaortic stenosis. Amer Heart J 65: 155-161, 
1963 

11. Braudo M, Wigle ED, Keith JD: A distinctive electrocardio- 
gram in muscular subaortic stenosis due to ventricular sep- 
tal hypertrophy. Amer J Cardiol 14:599-607, 1964 


The American Journal of CARDIOLOGY Volume 31 .103 


MUSCULAR SUBAORTIC STENOSIS—TAJIK ET AL. 


12: 


13. 


14. 


15. 


104 


Luisada AA: Sub-aortic muscular stenosis and complete 
heart block in an adolescent. Chicago Med Sch Quart 
25:169-175, 1965 

Borromeo L, Wilson WS: Muscular subaortic stenosis: 
changing obstruction with atrioventricular dissociation. Ann 
Intern Med 74:242-244, 1971 

Glancy DL, Shepherd RL, Beiser GD, et al: The dynamic 
nature of left ventricular outflow obstruction in idiopathic 
hypertrophic subaortic stenosis. Ann Intern Med 75: 589- 
592, 1971 

Bentall HH, Cleland WP, Oakley CM, et al: Surgical treat- 
ment and post-operative haemodynamic studies in hypertro- 


16. 


17. 


18. 


phic obstructive cardiomyopathy. Brit Heart J 27:585-594, 
1965 

Morrow AG, Epstein SE, Rodgers BM, et al: Idiopathic hy- 
pertrophic subaortic stenosis: a current assessment of the 
results of operative treatment. In, Hypertrophic Obstructive 
Cardiomyopathy (Wolstenholme GEW, O'Connor M, ed). 
London, J & A Churchill, 1971, p 140-149 

Glancy DL, O’Brien KP, Gold HK, et al: Atrial fibrillation in 
patients with idiopathic hypertrophic subaortic stenosis. Brit 
Heart J 32:652-659, 1970 

Teare D: Asymmetrical hypertrophy of the heart in young 
adults. Brit Heart J 20:1-8, 1958 


January 1973 The American Journal of CARDIOLOGY Volume 31 


Effects of Tachycardia on the Function of the Starr-Edwards 
Mitral Ball Valve Prosthesis 


DAVID M. CONKLE, MD 
HAMNER H. HANNAH, MD 
ROBERT L. REIS, MD 


Bethesda, Maryland 


From the Clinic of Surgery, National Heart 
and Lung Institute, Bethesda, Md. Manu- 
script received June 26, 1972, accepted July 
27, 1972. 

Address for reprints: Robert L. Reis, MD, 
Department of Surgery, Kansas University 
, Medical Center, Kansas City, Kans. 66103. 


Patients with a Starr-Edwards mitral ball valve prosthesis tolerate 
tachycardias poorly. Two patients with this type of mitral valve pros- 
thesis are described who tolerated supraventricular tachycardia with 
a ventricular response of 220 beats/min. At rapid heart rates, the 
diastolic filling period is reduced, left atrial pressure is increased 
and, although continued function of the prosthesis is possible, 
prompt treatment of arrhythmias accompanied by rapid ventricular 
rates is indicated. 


The Starr-Edwards ball valve prosthesis provides a satisfactory al- 
though not ideal substitute for the irreparably damaged mitral valve. 
Patients with this prosthesis tolerate rapid heart rates poorly, and 
prompt treatment of arrhythmias accompanied by a rapid ventricu- 
lar response is indicated. As the heart rate increases, the diastolic 
filling period decreases proportionately more than the systolic period 
and, on the basis of phonocardiographic data from patients with 
Starr-Edwards prostheses and atrial fibrillation, Boicourt et al.* pro- 
posed 189 beats/min as the theoretical maximal rate at which flow 
can continue through a Starr-Edwards ball valve mitral prosthesis. 
We have observed 2 patients with a Starr-Edwards mitral valve who 
had paroxysmal atrial tachycardia and whose valve continued to 
function at a ventricular rate of 220 beats/min. A description of our 
findings and a discussion of the effects of heart rate on the function 
of the Starr-Edwards prosthetic mitral valve form the basis of this 
report. 


Case Histories 


Case 1: A 58 year old housewife underwent mitral commissurotomy at 40 
and again at 44 years of age. After each operation she experienced symp- 
tomatic improvement for approximately 18 months; then congestive heart 
failure recurred and became progressively more severe. When evaluated at 
the National Heart and Lung Institute, she was cachectic, severely symp- 
tomatic, and was considered to have functional class IV disease (New York 
Heart Association classification). Clinical findings revealed severe mitral 
stenosis and congestive heart failure. Supraventricular arrhythmias were in- 
termittently present and difficult to control preoperatively. During tempo- 
rary cardiopulmonary bypass, a stenotic calcified mitral valve was replaced 
with a 2M model 6120 Starr-Edwards prosthesis. Multiple supraventricular 
arrhythmias including atrial fibrillation, atrial flutter and paroxysmal atrial 
tachycardia occurred intermittently during the postoperative period; her 
convalescence was otherwise satisfactory, and she was discharged from the 
hospital 2 1/2 weeks after operation. 

During the next 4 months, episodes of supraventricular tachycardia re- 
curred necessitating hospitalization and electrical countershock on 2 occa- 
sions. Propranolol was added to the regimen of digoxin and quinidine al- 
ready being administered in an effort to control these episodes of arrhyth- 
mia; however, an episode of rapid supraventricular tachycardia recurred, 
and hospitalization was again necessary. At the time of admission, the pa- 
tient was lying supine and was alert but diaphoretic. There were rapid reg- 
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FIGURE 1. Case 2. Electrocardiogram. A, demonstrating supra- 
ventricular tachycardia with a ventricular rate of 220/min. B, 
after intravenous administration of Tensilon. The tracing shows 
atrial flutter with various degrees of atrioventricular block and a 
slower ventricular rate. 


ular and forceful precordial pulsations, and the peripheral 
pulses were weakly palpable. Auscultation disclosed no 
evidence of pulmonary edema, and a heart rate of 220 
beats/min; this rate was confirmed by an electrocardio- 
gram. After the intravenous administration of edropho- 
nium hydrochloride (Tensilon®) the ventricular rate de- 
creased to 70/min, and paroxysmal atrial tachycardia 
with 3:1 atrioventricular block was apparent electrocar- 
diographically. Direct-current countershock restored nor- 
mal sinus rhythm, but because of the continued difficulty 
with supraventricular arrhythmias, the dosage of propra- 
nolol was increased. 


Case 2: A 44 year old female telephone operator under- 
went closed mitral commissurotomy at age 30. After the 
operation she resumed normal activity and remained 
asymptomatic until age 42 when she began to experience 
palpitations, shortness of breath and fatigue. During the 
ensuing 2 years her symptoms progressed, and at age 44 
she was evaluated at the National Heart and Lung Insti- 
tute. She was considered to have functional class MI dis- 
ease (New York Heart Association classification). Clinical 
findings included atrial fibrillation, mitral stenosis, mitral 
regurgitation, tricuspid regurgitation and aortic regurgita- 
tion. During temporary cardiopulmonary bypass a thick- 
ened, calcified, predominantly stenotic mitral valve was 
replaced with a 2M model 6310 Starr-Edwards prosthesis; 
a tricuspid annuloplasty was also performed. The postop- 
erative course was uneventful except for an episode of 
rapid atrial fibrillation that was electrically converted to 
normal sinus rhythm. She was discharged 2 1/2 weeks 
after operation. 

The patient returned 1 week after discharge with a 
rapid heart rate and dizziness. She was alert but pale and 
diaphoretic. Peripheral pulses were rapid and thready. 
Auscultation revealed a regular heart rate of 220 beats/ 


min. The electrocardiogram demonstrated a regular su- 
praventricular tachycardia (Fig. 1A). After intravenous 
administration of edrophonium hydrochloride (Tensilon), 
atrial flutter with various degrees of atrioventricular block 
and a ventricular rate of 90/min was evident (Fig. 1B). 
Electrocardioversion restored normal sinus rhythm. 


Discussion 


Although the Starr-Edwards prosthetic mitral 
valve is effective in relieving symptoms in patients 
with acquired mitral valve disease, postoperative 
hemodynamic assessments have demonstrated a dia- 
stolic pressure gradient between the left atrium and 
left ventricle.2-§ This obstruction to mitral valve flow 
results, in part, because the maximal hydraulic ori- 
fice is not available until the ball moves to the apex 
of the cage, and also because of the inertia of the ball 
and blood which must be overcome before flow be- 
gins. The opening click of the prosthetic valve occurs 
when the ball reaches the apex of the cage, and the 
interval between this sound and aortic valve closure 
has been shown to be relatively fixed, varying only a 
few 100ths of a second from slow to very fast heart 
rates.’ As the heart rate increases, therefore, the pe- 
riod during which the valve is not fully open consti- 
tutes a progressively greater fraction of diastole. The 
inertia of the ball and blood also becomes more sig- 
nificant as the heart rate increases. In addition, sys- 
tolic time per minute increases with heart rate, and 
diastolic time decreases. These observations indicate 
that a rapid heart rate deleteriously affects diastolic 
mitral valve flow, and acceleration of heart rate is one 
of the factors producing the increase in pressure gradi- 
ent between the left atrium and left ventricle noted 
during exercise in patients with a prosthetic mitral 
valve. 

Morrow et al.* recorded heart rates of 180 beats/ 
min during exercise in 2 patients with atrial fibrilla- 
tion and a 3M Starr-Edwards prosthetic mitral 
valve; however, the rate of 220 beats/min observed 
in our patients is apparently the fastest documented 
rate at which a Starr-Edwards mitral ball valve 
prosthesis has continued to function. Experimental 
studies have demonstrated continued function of a 
ball valve prosthesis in calves in which electrical 
stimulation of the right atrium produced ventricular 
rates as fast as 300 beats/min.? In these calves, as 
well as in our patients, synchronous atrial ven- 
tricular contractions may have facilitated the func- 
tion of the prosthetic valve and augmented ventricu- 
lar performance, whereas atrial fibrillation obliterat- 
ed effective atrial contractions in the patients stud- 
ied by Boicourt et al.1 Although clinical and experi- 
mental data indicate that the Starr-Edwards mitral 
prosthesis can function at extremely rapid heart 
rates, the diastolic filling period is greatly reduced 
and left atrial pressure is significantly increased. Ar- 
rhythmias with a rapid ventricular rate should, there- 
fore, be treated promptly in patients with a prosthetic 
mitral valve. 
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Aspects of the Influence of Psychic Stress on Angina Pectoris 


GEORGE E. BURCH, MD, FACC 
THOMAS GILES, MD, FACC 


New Orleans, Louisiana 


The relation of physical stress to the precipitation of 
episodes of angina pectoris is accepted by all physi- 
cians. Patients with ischemic heart disease have 
learned by experience that running, walking rapidly 
and climbing stairs can precipitate attacks of angina 
pectoris. They have learned, like their physicians, 
that the entire symptom complex rapidly disappears 
with cessation of the physical exertion. They have 
even learned that angina on exertion may occur only 
under special circumstances, for example, only im- 
mediately after meals, or while walking against a 
cold wind, or during fatigue. 

The relation of psychic stress to the development 
of attacks of angina pectoris is not so well known to 
patients and, at times, not fully appreciated by phy- 
sicians. This cause and effect pattern must be well 
understood by both to achieve the best results in the 
treatment of ischemic heart disease. The influence of 
anxiety is important not only in the development of 
ischemic heart disease»? but also in the production 
of anginal attacks, one of which could be fatal. In 
fact, it is impossible to manage a patient properly 
without a thorough appreciation of the influence of 
various types and degrees of tension on the patient’s 
heart. In addition, to manage the patient most effec- 
tively, the physician must know fully the interrela- 
tions of psychic stress, physical activity and associ- 
ated diseases in the production of angina pectoris. 
Patients must learn the factors that precipitate their 
attacks of angina pectoris in order to avoid them. We 
advise patients to avoid anything that produces an 
episode of angina pectoris because it could cause 
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sudden death. It is remarkable how effective therapy 
is when both psychic and physical stress are ade- 
quately considered in the management of angina 
pectoris. Furthermore, unless both are properly con- 
sidered, therapy cannot be effective. 

The patient’s psychic state, his reaction to his ill- 
ness, heart disease in general, his associates, family, 
employers and employees, national and international 
problems and other variables are important. There- 
fore, the physician must obtain a meticulous history 
and become thoroughly acquainted with his patient, 
his life style and environment. The factors that pre- 
cipitate anxiety should be pointed out to the patient, 
who will quickly recognize them and soon describe 
others. This type of therapeutic education is not only 
beneficial but indispensable. For example, the pa- 
tient often fails to recognize that an exciting event 
on television or in a sports arena can precipitate an 
attack of angina. 

Mechanism: The influence of psychic stress on the 
heart is little understood even though it is recog- 
nized. Coronary vasoconstriction must be one aspect 
since sublingual administration of a nitroglycerin 
tablet can prevent angina pectoris. We have had pa- 
tients use nitroglycerin prophylactically when they 
must unavoidably become involved in a psychically 
stressful experience. And the drug can prevent at- 
tacks. However, relying on this drug to prevent at- 
tacks is not recommended as a routine therapeutic 
procedure. It is much better for the patient merely to 
avoid stressful experiences. Psychic stress produces 
other physiologic alterations, such as increase in car- 
diac output, heart rate, blood pressure,3-5 secretion 
of catecholamines,® blood viscosity? and uric acid 
blood levels. Changes in the electrocardiogram also 
occur.? 1° 

Heberden,"? in the early part of the 19th century, 
indicated the deleterious effects of mental stress on 
patients with ischemic heart disease. Patients have 
died suddenly during periods of psychic stress and 
have been found at autopsy to have a myocardial in- 
farct!? with or without organic occlusion of the coro- 
nary arteries. It may be that it is the angina pectoris 
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precipitated by psychic stress that kills some pa- 
tients with myocardial infarcts. Coronary thrombosis 
and myocardial infarction do not develop in seconds, 
whereas angina pectoris and its associated arrhyth- 
mias do. Nevertheless, patients who lead psychically 
stressful, frustrated and unhappy lives are prone to 
myocardial infarction.! For this reason, patients with 
heart disease, and especially coronary heart disease, 
should lead a relaxed, peaceful and reasonably 
happy life. The physician must train them to do so, 
or therapeutic results will not be effective or ade- 
quate. It appears to us that physicians who do not 
accept the relation between the central nervous sys- 
tem, state of mind and associated integrated behav- 
ior of the autonomic nervous system and the func- 
tion of the heart and blood vessels will never achieve 
satisfactory therapeutic results in patients with heart 
disease, especially ischemic heart disease. 

Patients with ischemic cardiomyopathy? are par- 
ticularly prone to experience detrimental effects of 
psychic stress, which increase the work of the 
heart.14 Ischemic cardiomyopathy has an extremely 
poor prognosis!3; therefore, any practice that rests 
the heart should tend to prolong life. Patients with 
ischemic cardiomyopathy may find it necessary to 
lead the life of an invalid, in which psychic and 
‘physical stress are minimal. 

Sinus tachycardia and cardiac arrhythmias are fre- 
quent during psychic stress. These disorders of the 
heartbeat are partly humoral in origin, from the out- 
pouring of adrenalin and noradrenalin, and partly 
due to autonomic nervous system activity. The ar- 
rhythmias impair cardiac pumping, and some may 
even be fatal. Furthermore, they render it difficult to 
regulate medication adequately and elegantly. 

Treatment: The use of sedative, hypnotic and 
tranquilizing agents, although often useful, should be 
temporary and of minor importance in controlling 
psychic stress. The therapeutic approach should be 
more fundamental. Patients should abstain from caf- 
feine, tobacco and alcohol, which tend to excite them 
and predispose to overreaction. They should be 
trained to become more phlegmatic. They must 
avoid stressful situations and learn to control them- 
selves emotionally. 

The psychic and other physiologic stress with an- 
ticipation of or during sexual intercourse must be 
discussed with patients. The relation of psychic 
stress and the physiologic state of the patient to the 
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development of cardiac causalgia, minor and 
major,!5 must be considered when treating patients 
with intractable chest pain and angina pectoris. The 
physician must be thoroughly familiar with cardiac 
causalgia and its many variations in order to treat 
patients with ischemic heart disease and must teach 
them how to differentiate the associated pain from 
that of angina pectoris which is relieved by nitroglyc- 
erin. Judicious use of mild analgesic agents or corti- 
costeroids, or both, may help in controlling noncar- 
diac chest pain, such as that of cardiac causalgia, 
especially early in the course of treatment. Strong 
analgesics such as narcotic drugs should be avoided 
since addiction poses a real problem in some patients 
with considerable pain. We have found the use of a 
spray!® to be beneficial in treating the pain of chron- 
ic cardiac causalgia. 

For proper management of patients with ischemic 
heart disease, the physician must adopt a mature, 
sympathetic and reassuring attitude. He must know 
and understand the patient and his many problems. 
Often, interviews with family members are helpful. 
The nature of the patient’s disease and his symp- 
toms should be explained to him in simple terms. 

Physicians who adopt a routine, rigid or “‘cook- 
book” attitude toward the treatment of patients 
with ischemic heart disease often have difficulty in 
understanding why other physicians have great suc- 
cess in treating angina while they do not. The recog- 
nition and management of psychic stress can make 
the difference. Thus, the term “refractory” angina 
pectoris may be overemphasized. 

The patient with ischemic heart disease may be 
participating in physical activity to improve and 
maintain good health, but he may actually be in- 
creasing psychic stress. For example, some patients 
enjoy playing competitive golf and can relax while 
doing so, whereas others find it a challenge and be- 
come frustrated, especially if their game is poor. The 
latter type of patient should not play golf or engage 
in competitive types of recreation. 

In summary, psychic stress exerts an important in- 
fluence on the clinical course of patients with isch- 
emic heart disease, and it is probably an important 
factor contributing to the production of coronary ar- 
terial dysfunction. It is essential, therefore, that both 
patient and physician recognize the relation of psy- 
chic stress to the precipitation of anginal episodes 
and that patients learn to avoid stressful situations. 


References 


1. Russek HI: Role of heredity, diet, and emotional stress in 
coronary heart disease. JAMA 171:503-508, 1959 

2. Stout C, Morrow J, Brandt EN, Jr, et al: Unusually low inci- 
dence of death from myocardial infarction. Study of an Ital- 
ian-American community in Pennsylvania. JAMA 188:845- 
849, 1964 

3. Grollman A: Physiological variations in the cardiac output 

of man. 4. The effect of psychic disturbances on the cardi- 

ac output, pulse, blood pressure, and oxygen consumption 

of man. Amer J Physiol 80:584-588, 1929 


4. Stead EA, Jr, Warren JV, Merrill AJ, et al: The cardiac out- 
put in male subjects as measured by the technique of right 
atrial catheterization. Normal values with observations on 
the effect of anxiety and tilting. J Clin Invest 24:326-331, 
1945 

5. Hickam JB, Cargill WH, Golden A: Cardiovascular reac- 
tions to emotional stimuli. Effect on the cardiac output, ar- 
teriovenous oxygen difference, arterial pressure, and pe- 
ripheral resistance. J Clin Invest 27:290-298, 1948 

6. Raab W: Emotional and sensory stress factors in myocar- 


January 1973 The American Journal of CARDIOLOGY Volume 31 109 


Pacemaker Longevity 
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Many of the most pressing problems of the applica- 
tion of cardiac pacemakers have been or are being 
actively resolved. Electronic pacing rhythms can be 
adjusted to virtually all cardiac rhythms. Since more 
than 90 percent of all pacemakers are implanted by 
the transvenous route, which yields much lower mor- 
bidity and operative mortality rates than thoracoto- 
my, implantation with electrodes of permanent dur- 
ability is possible in virtually every patient, of any 
age or disability. The problem of the brief longevity 
of the pacemaker pulse generator has remained unre- 
solved and, because of the overall success of the tech- 
nique of pacemaker therapy, has assumed progres- 
sively larger proportions. 

The earliest scientific reports based on human im- 
plantation (1961-1962) indicated an actual pulse 
generator longevity of 1 1/2 to 2 years,! well below 
the manufacturers’ estimate of 5 years. Today (a 
decade later) we still hope for 5 years. For some sur- 
geons, the number of replacements of exhausted 
pulse generators in patients otherwise well has sur- 
passed the number of primary implantations, and re- 
sulted in expenditure of increased hospital, profes- 
sional and technical effort. It is commonly rumored 
that the rate of surgical complications (infection and 
wound breakdown) is higher for replacement than for 
primary implantation, another reason for the desira- 
bility of reducing the number of secondary proce- 
dures performed. 

The nuclear-(plutonium) powered pacemaker has 
promised a totally new energy source. However, 
many question the advisability of allowing persons 
with small amounts of plutonium of military grade 
to move about freely, no matter how well the device 
is encapsulated. 


Problems To Be Resolved 


- The questions concerning pulse generator longevi- 
ty that remain to be resolved are (1) Can a reliable, 
previously unused nonnuclear energy source be har- 
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nessed to produce greater pulse generator longevity 
than now exists? (2) Can the present source (the 
mercury-zine cell) be better utilized to provide in- 
creased longevity? (3) What are the realistic require- 
ments of pulse generator longevity, relative to the 
population group being treated by pacemakers? (4) 
If a pulse generator with a life span of 10 years can 
be developed at a cost 4 to 5 times that of the pres- 
ent units, is it, in the population at risk, too costly? 

Patient mortality and longevity: The average 
age of patients undergoing implantation of a cardiac 
pacemaker is 72 years. Less than 5 percent of these 
patients are under age 30 years. Thus, the life expec- 
tancy of persons in the age group undergoing im- 
plantation is 11 years, and about half can be expect- 
ed to die within 5 to 6 years. 

Patients who undergo implantation of a cardiac 
pacemaker have an initially higher mortality rate 
than the general population. Although the mortality 
rate during the first month after implantation is less 
than 1 percent, the total mortality by the end of the 
first year is 14 percent, and 29 percent of all patients 
with a first pacemaker do not outlive it, having an 
average longevity of 21.5 months. 

Mortality after the initial period parallels the mor- 
tality of the general population (about 9 percent a 
year). An increase in pulse generator longevity by 50 
percent would readily encompass more than a third 
of all patients receiving an implanted pacemaker. A 
pulse generator able to function for an average of 5 
years would accommodate half of all patients under- 
going implantation. 

Pacemaker follow-up: We believe that much 
greater pulse generator longevity can be achieved in 
the framework of modern nonnuclear technology. 
Much has been written concerning the prediction of 
pulse generator exhaustion by careful patient follow- 
up. The major effects of this effort have been to in- 
crease patient safety and longevity of the pulse gen- 
erator itself, largely as a result of the elimination of 
elective replacement schedules at a period when only 
a small number of implanted units can statistically 
have been anticipated to fail.* 

Proper selection of pulse generator: It has been 
demonstrated that because of lower average energy 
drain, asynchronous generators that do not have the 
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small but continuous battery drain imposed by a 
sensing circuit will function for longer periods than 
equally well designed triggered pacemakers that are 
not required for patients with complete atrioventric- 
ular dissociation.® Similarly, for patients with only 
infrequent periods of bradycardia, a ventricular in- 
hibited generator will have a longer life than a ven- 
tricular synchronous generator. 

Electrode characteristics: The surface area of 
the electrode cathode in contact with the heart is 
directly related to the current and energy required to 
produce a ventricular contraction. To use endocar- 
dial electrodes as an example, the earliest electrodes 
of platinum for permanent implantation had a ca- 
thodal surface area of 90 mm?; similar units now 
available have an area of 12 mm? and require pro- 
portionately less current drain. The capacity to sense 
cardiac signals and durability of the 2 electrodes are 
effectively equal. Several manufacturers now have 
made such efficient electrodes available so that there 
seems little use for the pulse generators of high ener- 
gy output which seemed mandatory for safe pacing 
only a few years ago. Electrodes have already been in 
clinical and laboratory use with still smaller areas 
and with correspondingly lower levels of output re- 
quired from the attached pulse generator. 

Pulse duration: A strength-duration curve for 
human cardiac pacing with any clinically available 
electrode indicates that the point of lowest expendi- 
ture of energy occurs at a pulse duration of 0.5 to 1.0 
msec.’ Greater pulse duration wastes energy. Al- 
though current requirements are slightly greater at 
0.5 msec than at 2.0 msec, the net gain is almost 50 
percent in energy conservation even if the pacer out- 
put is increased slightly to compensate for reduction 
in pulse duration. Even at shortened pulse dura- 
tions, outputs of 10 to 13 ma and 6 to 8 volts are un- 
necessary. Decreases in generator output that are 
possible with more efficient electrodes can yield even 
greater savings in energy. 

A new concept introduced experimentally by Med- 
tronic, Inc. is that of constant amplitude (current) 
output with a shortening capability for pulse dura- 
tion. For example, if threshold is 1 ma at 1 msec, 
then it is likely to be 10 ma at 0.1 msec. With output 
fixed at 10 ma, shortening the pulse duration in- 
creases threshold. A threshold of 5 ma is likely to be 
present at a pulse duration of 0.2 msec. If the pulse 
generator output is set at 10 ma and pulse duration 
is 0.2 msec, the saving of energy compared to that 
used at an output of 10 ma and a pulse duration of 
1.0 msec is 80 percent. Energy expenditure is direct- 
ly related to the duration of flow, that is, energy = 
volts X amperes X time. Equal safety of pacing is 
provided.® 

Redundant battery: The arrangement of cells 
within the battery greatly influences the life expec- 
tancy of the pulse generator. Usually the cells are 
connected in series and the total output voltage is 
the sum of the individual voltages of the cells.9 Se- 


vere problems can occur when the battery in series is 
tapped to provide 2 or more voltages to operate dif- 
ferent portions of the pulse generator circuit. In that 
instance, failure of a single cell usually disables the 
entire pulse generator. Tapped series batteries had 
been in use by some manufacturers until 1970. 
Recently one manufacturer (and now others) pro- 
vided a series-parallel or “redundant” battery for 
their asynchronous pacemaker. The theory is that a 
single cell of the battery usually fails before others 
and that, if the deleterious effect of the failure of a 
single cell can be eliminated, increased pacemaker 
longevity can be anticipated. These pulse generators 
have already demonstrated a greater longevity than 
that of asynchronous generators with series batteries. 
Replacement of pulse generators: Seventy per- 
cent of patients who undergo initial implantation 
will survive the functional life of the first pacemaker 
and require at least 1 generator replacement. The 
opportunity exists to provide them with a generator 
with a lower level of output than that required for 
primary implantation. Threshold increases after im- 
plantation, sometimes reaching 8 to 10 times initial 
values.'° Pacer output must be sufficient to meet 
this need. Threshold returns to stable chronic levels 
2 to 3 times those at implantation, and pulse genera- 
tors for replacement can therefore be of far lower 
output.?4 
Study of acute and chronic endocardial and myo- 
cardial electrodes indicates that both threshold and 
electrical characteristics behave in a predictable 
fashion, that neither threshold nor impedance in- 
creases progressively and that the electrode is not 
consumed. Increasing electrode impedance or thresh- 
old, even within the output capacity of standard 
pulse generators, is rare and abnormal, and an elec- 
trode with such characteristics should be removed. 
The same generator need not be used for the dif- 
ferent procedures of primary implantation and re- 
placement. For the past 3 years, replacements have 
been performed with low output generators which 
have invariably functioned as well as the convention- 
al units and have so far averaged 50 percent greater 
longevity than conventional units. For example, the 
Cordis Ectocor 129C and E series implanted during 
1968 to 1969 have had an average longevity of 21 to 
22 months. Simultaneously, Ectocor 129D and F, a 
series of similar units with two thirds the output, 
were implanted. These have an average longevity of 
36 months, and half the units have exceeded that 
average and are still operative. One unit remains 
operative 49 months after implantation. 


Discussion 


All of the factors discussed, together with reduc- 
tion of self-discharge of mercury-zinc cells, have al- 
ready increased pacemaker longevity. Further in- 
creases can be anticipated that do not depend on the 
uncertain development of totally new and substan- 
tially untried technology. Within the past 3 years we 
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have used a combination of all the techniques pre- 
viously outlined to increase the longevity of all our 
pacer units by 10 percent. Even greater increases are 
likely as more patients receive pacemakers with re- 
duced energy drain and increased electrode efficien- 
cy. Of equal significance is that these changes can be 
accomplished within the present cost context rather 
than that for new technology, such as the estimated 
$4,000 for a nuclear pacemaker. 

Some of the changes described are now freely 
available commercially. Others are available only to 
investigative groups. But each of the changes de- 
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scribed has reached a sufficient level of development 
so that availability is a matter of physician demand 
and increase in supply of an item already’ manufac- 
tured. A number of manufacturers and importers 
new to the domestic pacemaker market are planning 
introduction of new units. In some of these instances 
the electrodes and pulse generators represent con- 
ventional and inefficient designs. This is a time not 
to rehash older designs, but to use engineering and 
sales resources to develop and market the newer, 
more efficient and medically desirable generation of 
pacemakers. 
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Acute Coronary Care, by Gerald N. Whipple, MD, Mary 
Ann Peterson, RN, MS, Virginia M. Haines, RN, MS, Ed- 
ward Learner, MD, Elizabeth L. McKinnon RN, PhD, Bos- 
ton, Little Brown, 1972, 383 pages, $9.50. 


This volume offers a comprehensive review of the care of 
the patient with acute myocardial infarction. It systemat- 
ically presents the concepts of the anatomy and physiolo- 
gy of the heart and lungs and clearly defines the coronary 
arterial supply including an illustration of its anatomic 
distribution. A later chapter deals with the cardiac con- 
duction system. The fundamentals of acid-base metabo- 
lism and fluid-electrolyte balance are well defined with 
special focus on the importance of replacement therapy. 

The pathologic features and treatment of the acute 
myocardial infarction and its complications are related 
comprehensively. The nurse’s role might have been more 
meaningfully elucidated had it been included immediate- 
ly in this chapter. The pyschological aspects are discussed 
concisely, with implications for nursing and early reha- 
bilitation. More stress might have been placed on the role 
of the nurse in decreasing the patient’s and family’s anx- 
ieties. 

Basic principles of electrocardiography, electrophysiol- 
ogy, the systematic approach to interpreting electrocardio- 
grams and their diagnostic significance are fully ex- 
plained. Recognition of cardiac arrest and proper tech- 
niques for effective cardiopulmonary resuscitation are 
clearly defined. Techniques of electrophysiology, safety 
measures and the nurse’s role in elective and emergency car- 
dioversion also are stressed. The theory and techniques of 
pacing, complications and nursing intervention are dis- 
cussed succinctly. Valuable suggestions are offered for de- 
signing, equipping and staffing coronary and progressive 
care units. Suitable references and a compact appendix 
serve as excellent resources for current data in the area of 


coronary care nursing. Throughout the text drawings, 
photographs and electrocardiographic reproductions are 
plentiful and of excellent quality. The double column 
pages are appropriately labeled and follow a well orga- 
nized outline. 

This text will be of great value to nurses and instructors 
in cardiac units. 


Blanche T. Rushin 
New Rochelle, New York 


Cardiovascular Physiology, second edition, by Robert M. 
Berne, MD and Matthew N. Levy, MD. CV Mosby, Saint 
Louis, 1972, 265 pages, $9.25 


The second edition of this monograph by Berne and Levy 
provides an excellent introduction to current concepts in 
cardiovascular physiology. The 12 chapters are well orga- 
nized and clearly and concisely written. The book is relative- 
ly short (265 pages) and amply illustrated (193 illustrations). 
The many redrawn line diagrams and graphs are valuable. 
The text itself is not referenced, but the bibliography at the 
end of each chapter includes pertinent journal articles, 
books and monographs. Indeed, thé text is primarily de- 
signed for the beginning medical student, and it is hoped 
that the serious reader makes use.of the outstanding refer- 
ences mentioned. Practicing clinicians who wish a clear 
review of the recent pertinent advances in cardiovascular 
physiology will find this book rewarding. The chapters on 
the cardiac pump, microcirculation, coronary circulation 
and cardiac metabolism are particularly worthwhile. The 
monograph provides an excellent basis for beginning the 
study of cardiovascular physiology and is highly recom- 
mended for this purpose. 


Allen H. Unger, MD 
New York, New York 
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Physio Control... 
products for the 
world’s most skilled hands: 





Whichever vital role you perform in the spectrum of 
cardio-vascular medicine, Physio-Control shares your 
fundamental purpose . . . the preservation and support 
of human life. We manufacture our products much as 
you learn and perfect your skills . . . knowing that lives 
will depend on doing the job properly. We build defibril- 
lators . . . the best. We build [CU-CCU monitoring sys- 
tems .. . the best, certainly for the price. We build an 

In Vivo Oximeter that makes all others obsolete. We build 
the Thomas Femoral Shunt for kidney patients, a Poly- 
rhythm device for training, ECG Recorders and 
electrodes and jellies and alot more . . . all the best. And, 
our deepest on-going commitment is making every 
product, old or new, better every way we can. 


We invite you to ask us, or tell us . . . how we can aid 
your hands in their life-serving work. Contact: Physio- 
Control Corporation, 2607 Second Avenue, Seattle, 
Washington 98121. Telephone (206) 624-4824. 
Telex 32-0166. Cable: Physio-Sea. 





C—Physio-Control 


See us at the A.C.C. Convention, Feb. 15-17, Island IV. 
A-49 





A-50 


Digital displa 
of cardiac outp 








The New 





Model 9500 "Els 


Cardiac Output 
omputer 











The new Model 9500 Cardiac Output Computer saves valuable 
minutes by electronic processing of flow data obtained from the 
Swan-Ganz'™ Flow-Directed Thermodilution Catheter. Cardiac 
output is shown on the digital indicator after injection of cold solution 
into the right atrium or superior vena cava. No pre-calibration is 
necessary. At bedside, the lightweight, space-saving Cardiac Output 
Computer provides direct digital readout in liters per minute. Among 
other features: built-in test for catheter circuitry and a built-in battery 
charger. The versatile Swan-Ganz Flow-Directed Thermodilution 
Catheter offers a fast, single-insertion means of measuring pulmonary 
artery and pulmonary wedge pressures, right atrial pressure and 
sampling from either the right atrium or pulmonary artery, as well as 
injection of a cold solution, and computed digital readout of cardiac 
output. No need to move a critically ill patient from ICU, CCU, 

or Emergency Room; fluoroscopy is not required. When time saved 
may mean a life saved, look to the automated teamwork of the 
Swan-Ganz Thermodilution Catheter cabled to the Model 9500 
Cardiac Output Computer. Another “Better Way” from 

Edwards Laboratories. 
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6 Measure pulmonary artery pressure 
7 Measure pulmonary wedge pressure 
The Model 9500 Cardiac Output Computer, Swan- 
Ganz™ Flow-Directed Thermodilution Catheter 
and Connecting Cable (Model 9400) provide 

all instrumentation required for determining 
cardiac output by the thermodilution method — the 
time-saving procedure requiring no pre-calibration. 





Literature on request to Edwards Laboratories 
Ld 
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the return of undue 












When it’s mandatory 
~to keep the postcoronary 
™ patient calm, consider 
Valium? (diazepam). 
Although he’s promised 
to take it easy back on the 
_ job, you know he’s going 
A back to the same stressful 
circumstances that may have 
contributed ‘to his Eiclisacon If he experiences 
excessive anxiety and tension because of overreaction to 
stress, your prescription for Valium can bring 
relief. During the period of readjustment, Valium 
can quiet undue anxiety. 
For moderate states of psychic tension, 5-mg or 
2-mg Valium tablets b.i.d. to q.i.d. can usually 


beer Laboratories 
Div n of Hoffmann-La Roche Inc. 
Nutley. "Nod. 07110 


to work mean 
psychic tension? 






yrovide reliable relief. For severe tension-anxiety 
tates, the 10-mg tablets often produce desired results. 

On proper maintenance dosage, Valium seldom 
lulls the senses or interferes with alertness. Valium is 
senerally well tolerated; the most commo Nia 
ide effects are drowsiness, ataxia be Arner 
ind fatigue. Until individual 
sponse is determined, P 
‘aution patient against driving @ 
r Operating dangerous 2 
nachinery. 
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Please see following 
yage for prescribing 
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(diazepam) 
For the tense cardiac patient who must be kept calm 
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If the cardiac patient has 
nighttime psychic tension, an 
h.s. dose added to the t.i.d. 


schedule can ensure a restful 


night’s sleep. 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are 
concomitants of emotional! factors; 
psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, 
depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in 
skeletal muscle spasm due to reflex 
spasm to local pathology, spasticity 
caused by upper motor neuron disorders, 
athetosis, stiff-man syndrome, convulsive 
disorders (not for sole therapy). 

Contraindicated: Known hypersensi- 
tivity to the drug. Children under 6 
months of age. Acute narrow angle glau- 
coma; may be used in patients with open 
angle glaucoma who are receiving 
appropriate therapy. 

Warnings: Not of value in psychotic 
patients, Caution against hazardous 
occupations requiring complete mental 
alertness. When used adjunctively in 
convulsive disorders, possibility of 
increase in frequency and/ or severity of 
grand mal seizures may require increased 
dosage of standard anticonvulsant 
medication; abrupt withdrawal may be 
associated with temporary increase in 
frequency and/or severity of seizures. 







(diazepam) 
2-mg, 5-mg, 10-mg tablets 
When the tense cardiac patient must be kept calm 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those 
with barbiturates and alcoho!) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their 
predisposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh po- 
tential benefit against possible hazard. 

Precautions: If combined with other 
psychotropics or anticonvulsants, 
consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants may potentiate 
its action. Usual precautions indicated 
in patients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precautions in 
impaired renal or hepatic function. Limit 
dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia 
or oversedation. 

Side Effects: Drowsiness, confusion, 
diplopia, hypotension, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in 
salivation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. 


Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
Stimulation have been reported; should 
these occur, discontinue drug. Isolated 
reports of neutropenia, jaundice; periodic 
blood counts and liver function tests 
advisable during long-term therapy. 
Dosage: Individualize for maximum 
beneficial effect. Adu/ts: Tension, anxiety 
and psychoneurotic states, 2 to 10 mg 
b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg t.i.d. 
or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. 
or q.i.d.; adjunctively in convulsive 
disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2% 
mg, 1 or 2 times daily initially, increasing 
as needed and tolerated. (See 
Precautions.) Children: 1 to 242 mg t.i.d. 
or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium® (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; bottles 
of 100 and 500. All strengths also avail- 
able in Tel-E-Dose® packages of 1000. 


Roche Laboratories ze 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


_ Processall& — 
Cine Fluorography... 


For perfectly processed film. 


If you don’t believe us, ask 90% of the doctors and 
hospitals now practicing cine fluorography and using 
Processall for rapid development of cardiologic diagnost- 
ic film. Hospitals like Johns Hopkins, The Mayo Clinic, 
Indiana University, Cleveland Clinic and the list goes on 
and on. Why do these hospitals put so much trust in the 
Processall? 

The answer is simple. Quality results and flawless 
performance. The Processall is daylight operational, 
compact, easily portable and handcrafted from stainless 
steel. But perhaps the most important thing is the fine 
detailed results you get on the film. 


Processall is engineered not to miss the most minute 
detail so you can see the problem clearly and without 
question, because the more you see, the more you 
know, and the better your patient’s chance. That's why 
so many doctors and hospitals rely on the Processall. 
Shouldn’t you? 

For more information contact us, the Oscar Fisher 
Company, or your nearest Processall dealer. 


OSCAR FISHER 


Company, Incorporated 
Box 2305, Newburgh, N.Y. 12550 
Telephone (914) 562-3900 








16/35 Microfilm Rapid Processor, Anhydrator, Ag-O-Mat, and general processing photo lab equipment, constructed of 316L stainless steel. 
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PATIENT INPUT 
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NOW 





Mennen-Greatbatch has taken a major step 
forward in the development of a complete 
range of isolated inputs for improved safety 
and reliability in patient monitoring. The 
same patented technique is used in all MG 
isolated input modules. 


While MG’s isolation technique is patented, 
it is evolutionary rather than revolutionary. 
It is a result of MG’s extensive experience 
as a specialist in the design, development and 
manufacture of patient monitoring systems. 
It applies the latest technology and most 
practical and effective techniques for the 
ultimate in safety and performance. 


e for greater patient safety 
e for more reliable monitoring 


Mennen-Greatbatch isolation circuitry is in 
the module itself, not in the electrode cable 
or transducer. It will withstand defibrillator — 
discharges and comparable high voltages 
from other sources without breakdown or 
interruption of isolation. It also provides 
more accurate data with greater reliability 
under much higher “noise” conditions. 


MG monitoring systems can include any of 
the isolated input modules shown above. For 
detailed information or demonstration, 
contact your local MG representative or 
Mennen-Greatbatch Electronics, Inc., Clar- 
ence, N.Y. 14031 U.S.A. 


MG sales and service representatives are located worldwide. In principal U.S.A. cities 
they are listed in the Yellow Pages under Hospital Equipment and Supplies. 


MENNEN-GREATBATCH 





New from American Optical: 


PULSAR 3000" 
DC defibrillator. 
Portable anywhere, anytime. 


Our new PULSAR ™3000 DC defibrillator is a compact 30 Ib. unit 
(it’s easily portable) and has just about every feature you'll ever need 
for fibrillation emergencies. 

You can monitor the patient through the defibrillator paddles or 
through a patient lead cable. There are two ECG outputs — a one milli- 
volt and a one volt output providing necessary signals for recording or 
display. Additionally, you can transmit the patient’s ECG over stan- 
dard telephone lines with our built-in modulated signal output. The 
PU LSAR™ 3000 defibrillator is rechargeable in a maximum of 3 hours after 4 hours of 
continuous ECG monitoring or thirty discharges of 400 watt seconds. 

Add the proven Lown waveform made famous by AO, a synchronizer, built-in test 
load, a scope and visual battery condition indicator that can be seen even with the case 
fully closed, and you have what we consider to be just about the most advanced, con- 
venient, and dependable portable DC defibrillator available today. 

PULSAR™ 3000 defibrillator. Traditional AO quality, reliability, performance. 
Designed for tough, demanding emergency coronary diagnosis and treatment. And just 
one of three new models. 

Call or write us today for a demonstration. American Optical Corporation, 
Medical Division, Crosby Drive, Bedford, Mass. 01730. 


Ay AMERICAN OPTICAL 








CORPORATION 
® MEDICAL DIVISION 


fine medical instruments to extend man’s life ™ 


RED 
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Travenol mobile units can save minutes to save 
lives. Resuscitator, defibrillator, pacemaker 
and electrocardioscope go right to the pa- 
tient...and stay with the patient. 
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FROM EMERGENCY ROOM TO DISCHARGE DESK 


Travenol instrumentation monitors heart rate, 
blood pressure, temperature. Alarms can be 
restricted to one ear-set receiver or broadcast 
to everyone in the room. Digital readout units 
are available as required. 





Travenol puts a 
complete cardio- 
pulmonary resusci- 
tation system on 
wheels...ready to 
speed to any bed- 


side. Compact easy 
to handle, with 
shelves, drawers 
and special com- 
partments for other 
needed ancillary 
equipment. 





Traveno! modular units can be selected and Travenol flexibility makes a variety of configu- 
arranged to fit specific patient needs. A wide rations possible. Expansion of facilities is simply 
range of therapeutic and monitoring units a matter of adding modules. No costly dis- 
provides bedside instrumentation wherever it cards of original equipment, because old and 
is desired. new units are compatible. 


Select the system or combination of Travenol electronic units that's just right for your hospital. Also ask your 
Travenol Medical Electronics Specialist about the Traveno!l “Better Care Lease Plan.” Your Travenol 
consultant will help you plan your installation. And he'll be with you whenever you need advice, help with 
training, maintenance or service. 

Directions for use are provided with each unit and should be read and understood before use. These units 
should be used by personnel properly trained in the safe and effective use of the instruments by or under 
the direction of a physician. 

TRAVENOL LABORATORIES, INC. 


For more complete information write to: Morton Grove, Illinois 60053 
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Pre-Publication Offer To Readers 
of YORKE MEDICAL JOURNALS 


Now more than ever... 
essential guidance for every 
physician involved in 
prescribing, testing, 
administering modern drugs 
and diagnostic aids 


ALL NEW 1973 
12th EDITION 
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MODERN DRUG ENCYCLOPEDIA 


and THERAPEUTIC INDEX 


Thousands of changes since the previous edition .. . hundreds 
of brand new entries...gives brand names... generic 
names...chemical names ... descriptions ... indications... 
pharmacological actions...indications and ‘contra-indica- 
tions... precautions... warnings ... adverse reactions... 


dosage and administrations... availability ... Bureau of 
Narcotic and Dangerous Drug Schedules and Ratings... 
Blood serum level toxicity schedules... for over 3,000 


currently used ethical drugs. 


In short, everything you need for quick, comprehensive referencing in one 
ruggedly bound, easy to handle volume. 


PLUS—Special Chapters on pharmacologically similar drugs. 


PLUS—The All-important therapeutic index...for the widest possible 


therapy selection. 


PLUS—A Manufacturers Index, listing Company Names, Addresses and 


their products. 


AND our editorial staff of physicians and pharmacists has 
compiled a NEW GENERAL INDEX for your convenience. 
It's scientifically designed for first hit look ups by both generic 
and brand names. 


MODERN DRUG ENCYCLOPEDIA is always up-to-date... 
with your purchase of MDE-12 you will receive FREE of 
charge a two year supplement service — MODERN 
DRUGS. 


Please order now ... make sure your copy of MDE-12 is reserved and earmarked for your office. 


at the regular price of $30.00, 
(Outside U.S.A. price $37.00). 


C] My check for $ is enclosed. 


(Publisher pays billing and shipping costs. 
If in New York State, please add - 
appropriate sales tax). 


ADDRESS 
CITY. 
MY SPECIALTY 
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12th EDITION MODERN DRUG ENCYCLOPEDIA AJC 


THE YORKE MEDICAL GROUP 
666 Fifth Avenue, New York, New York 10019 


Please reserve one copy of the new 12th Edition of MODERN DRUG ENCYCLOPEDIA AND THERAPEUTIC INDEX 


[C] Bill me. 
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(Shipping and Billing Charges 
$1.00 extra). 
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Clinically, the most experienced 
system for temporary 
cardiac_)assistance 


For counterpulsation treatment or QRS synchronization — the unique 
support in cardiogenic shock, myo- Ogic system provides precise syn- 
cardial infarction and other low ~ ‘chronization with normal and abnor- 
output situations . . . including with- ‘Mal rhythms. Preset balloon inflation 
drawal after heart-lung machine 3 ES ue paliete ORS 
use... the Avco System is quickly : Re i thse 
and easily stituted at bedside ‘ econ aa hie 
For many practical, performance- — | 
related reasons, the Avco System 
has become the most widely used 
intra-aortic balloon pump in clini- 
cal applications. 




























-~ Emphasis on patient safety — Safety 
~ engineering in the Avco System in- 

- Cludes fail-safe venting, self-initiated 
trouble identification and, if needed 
... independent operation with a self- 
contained battery supply. 





Non-occlusive balloon — ex- 
clusive, patented three-cham- 
ber design. Prevents end-oc- 
clusion, thus eliminating blood 
trapping and excessive stress 
on the aortic wall. A physiolog- 
ically optimal pumping action. 
The advanced antithrombo- in interval or drop of an R wave. Com- 
genic co-polymer material ) plete automation with minimum ad- 
developed for balloon con- $ justments means full, convenient, con- 
struction permits use in non- tinuous control while observing the 


heparinized patients. The Avco patient and his condition. 


intra-Aortic 
Balloon Pump 


Automatic reset 
— the Avco Sys- 
tem contains 
many features for 
ease of operation, 
such as automatic 
reset for changes 


Behind the Avco System stand seven years of clinically oriented 
development and the Roche nationwide service organization. 
For literature and reports on clinical experience, write to us now. 


*Developed by Avco Corporation and manufactured for Roche Medical Electronics 
Division. 





Medical Electronics Division, Hoffmann-La Roche Inc., Cranbury, N.J. 08512 





precision quality control... 
eassured tablet content uniformity’ 


predictable patient response... 
eoroven biologic availability” 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those:occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI =74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 
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| Resear Triangle Park 


*Complete literature available on request from Professional Services Dept. PML. Wellcome / North Carolina 27709 
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ABSTRACTS 





Twenty-Second Annual Scientific Session 
American College of Cardiology 
San Francisco, California, February 14-18, 1973 


Method and Criteria of Selection of Abstracts for Presentation . 


A record number of abstracts (825) was received by the College for consideration for presen- 
tation at the 22nd Annual Scientific Sessions. These abstracts were carefully reviewed by 
the Scientific Program Committee, Committee members being divided equally into 2 simi- 
lar teams comprising individuals representing adult cardiology, pediatric cardiology, car- 
diovascular surgery, pathology and basic science. Abstracts were sent at random to Team A 
or B, and 9 members of either team graded the abstracts objectively and independently 
from 1 to 10, with 10 being the highest. Individual results were returned by each member 
to the Bethesda Office of the College. When an abstract came from a reviewer’s institution, 
an abstention was recorded. The scores on each abstract were then averaged by the College 
staff. All abstracts receiving a grade of 7.6 and above were accepted for presentation after a 
brief review by the Committee. Those rated between 6.2 and 7.6 were individually discussed 
in detail by the entire Committee. It was possible to select a total of 202 abstracts for the 
final program. 
John Ross, Jr., MD, FACC 
Scientific Program Chairman 





FUNCTIONAL PROPERTIES OF THE VENTRICULAR MUSCLE AND THE CONTRACTILE APPARATUS IN HEART FAILURE 
DISTAL CONDUCTING SYSTEM DURING PREMATURE VENTRICULAR Gail G. Ahumada, MD; Philip D. Henry, MD; William F. 
STIMULATION. Friedman, MD, FACC; Burton E. Sobel, MD, FACC, UCSD, 


Abdul S. Agha,* MD, Agustin Castellanos,Jr MD, FACC, 
Robert J. Myerburg, MD, Cesar A. Castillo, MD, and 
Benjamin Befeler, MD. University of Miami School of 
Medicine and the Veterans Administration Hospital ,Miami, 


La Jolla, California. 


To explore the basis of depressed contractility in heart failure we 


Florida. examined sarcomere length (L), isometric tension and simultaneous 
ATPase of glycerinated fibers from 18 normal (N) and 14 failing 

In four patients the right ventricular apex (RVA) was (F) rabbit right ventricles as well as mechanics of papillary muscles 

driven by Sl and the cycle scanned by S2. Driven impulses from the same hearts matched for cross-sectional area. The length- 


consistently produced a predominant negative deflection 
in lead V1. Filtered 1 mm apart bipolar catheter elec- 
trodes were used to record from the His bundle area, 


tension curves of intact muscles from failing hearts were consis- 
tently and markedly depressed [50% average decrease in tension at 
Lmax, n = 16]. However, in glycerinated fibers from normal and 


right ventricular outflow tract (RVOT) and posterosupe- ae À hoty + 7 
rior wall of the left ventricle (LV). The latter was failing hearts tension was similar (1234 = 57 (S.E.) mg/mm* [N, 
explored through the great cardiac vein. The findings to n = 18] and 1157 + 47 [F, n = 14]) at optimal sarcomere length 
be described below occurred early in the cycle, between with pCa (- log free calcium concentration) = 5.4. Absolute 
effective refractory period and full recovery time. In glycerinated fiber ATPase was lower in fibers from failing hearts 
two cases retrograde H1-H2 intervals were longer than the at each tension (34 Ei (F) vs. 68 t5 (N) nmoles/mg/minute) de- 





RVOT1-RVOT2 intervals which, in turn, exceeded the LV1- 
LV2 intervals. When this occurred the premature impulses 
delivered to the RVA produced a positive deflection in 


spite azide or detergent treatment. However, ATPase increased 
linearly and to the same extent in fibers from normal and failing 


lead V1. In the other two patients Hl-H2 intervals were hearts with increasing tension. Glycerinated fiber pCa-tension 
longer than RVOTI-RVOT2 intervals, both exceeding the curves (obtained at Lmax) were virtually identical in fibers from 
S1-S2 values. However, the LV1-LV2 intervals were at normal and failing hearts when pCa was varied from 7.0 to 5.4. 
least 15 msec shorter than later in the cycle for a Thus, depressed contractility of failing myocardium is not due to 


period ranging between 100 and 160 msec. In conclusion: 
(a) intraventricular propagation can be subnormal or 
"supernormal" at different recording sites during the 
same (early) part of the cycle and (b) the (retrograde) 
functional refractory period of the distal conducting 
System is significantly longer than that of the ventri- 
cular muscle. 


intrinsic abnormalities of the contractile apparatus reflected by 
deficiencies in: 1) capacity for tension generation; 2) calcium 
sensitivity; or 3) augmentation of ATPase associated with tension. 


6 2 Mataiti IOS 
* Abstracts are listed alphabetically according to first author. 
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ABSTRACTS 


SUDDEN CARDIAC DEATH: PHYSIOLOGIC OBSERVATIONS AND 
THERAPEUTIC IMPLICATIONS 

Hernan Alyarez, III, M.D.; Robert E. Wills, M.D.; 
Leonard A. Cobb, M.D., FACC, University of Washington 
and Harborview Medical Center, Seattle, Washington. 


Recognition of the high incidence of sudden cardiac death 
(SCD) has resulted in the establishment of a system for 
the management of victims of out-of-hospital cardiac 
emergencies. This has also provided a unique opportunity 
for studying the pathophysiology of SCD. Such studies 
may provide for better recognition of high risk patients 
and for therapeutic approaches to SCD. In 30 months of 
operation, a total of 659 people were in ventricular 
fibrillation (VF) upon arrival of the mobile intensive/ 
coronary care unit. Eighty-three of these patients (13%) 
were resuscitated, hospitalized and discharged home. In 
the last 6 months, 26 of 148 patients with VF (18%) were 
resuscitated and discharged. Approximately half of the 
survivors had ECG or enzymatic evidence of acute myo- 
cardial infarction (AMI). The remaining half were 
identified as having had primary VF. 

Exercise performance was studied in 13 survivors of 
primary VF, six of whom had angina, history of AMI or 
hypertension. Seven of the 13 patients had ventricular 
dysrhythmias precipitated or worsened by exercise. 
Angiographic assessment of ventricular function and 
coronary anatomy was performed in 11 of these 13. Only 
4 patients had normal ejection fractions. Three patients 
had normal coronary arteries. The remaining 8 had 
coronary artery disease, 1 of whom appeared to have 
coexistant unexplained cardiomyopathy. By generally 
accepted anatomic and physiologic criteria, 5/11 of 
this initial group could be considered candidates for 
surgery. 


DIGITALIS-INDUCED PURKINJE BLOCK: COMPETITIVE INTER- 
ACTION OF Kt AND DIGITALIS 

Gary J. Anderson, MD; John C. Bailey, MD; Charles Fisch, 
MD, FACC, The Krannert Institute of Cardiology, Depart- 
ment of Medicine, Indiana University School of Medicine, 
Indianapolis, Indiana 46202 


The purpose of this study was to define the interaction 
of Kt and toxic acetylstrophanthidin (AS) concentrations 
on canine Purkinje cells utilizing microelectrode tech- 
niques. AS (1.25 x 1078 g/cc) superfusion resulted in 
phase 4 depolarization and generalized depolarization, 
decrease in maximal rising velocity (MRV) and slowed con- 
duction. Interelectrode Mobitz Type I conduction was 
observed in 5 of 10 experiments. Once decremental con- 
duction and/or Mobitz Type I block were induced, Tyrode 
bath Kt was rapidly elevated from control (2.7 mM/1) to 
5.4 mM/1, while AS superfusion was maintained. The ele- 
vation of [K]+ was associated with a prompt increase in 
excitability and suppression of phase 4 depolarization. 
Complete block (5 studies) and Mobitz Type I conduction 
block (5 studies) consistently were overcome. Restora- 
tion of conduction may have been mediated via two mech- 
anisms: (1) suppression of phase 4 depolarization and 
(2) reversal of generalized depolarization. The latter 
was less rapid than suppression of phase 4 depolarization 
which was observed within 1 minute of elevation of [K]+ 
to 5.7 mM/l. The reversal of generalized depolarization 
was observed 3 to 40 minutes after elevation of [K]* and 
resulted in 15 mV to 35 mV increases in transmembrane 
potential. As the resting potential hyperpolarized MRV 
and action potential amplitude increased and conduction 
accelerated. The slower reversal of generalized depolar- 
ization suggests that Kt may compete with AS resulting in 
"stimulation" or release of bound Na-K ATPase and conse- 
quent reversal of AS-induced disturbances of conduction. 





NON-UNIFORM ELECTROPHYSIOLOGIC EFFECTS OF DIGITALIS ON 
THE CANINE VENTRICULAR SPECIALIZED CONDUCTING SYSTEM 
Gary J. Anderson, MD; John C. Bailey, MD; Charles Fisch, 
MD, FACC, The Krannert Institute of Cardiology, Depart- 
ment of Medicine, Indiana University School of Medicine, 
Indianapolis, Indiana 46202 


The purpose of this study was to demonstrate the non- 
uniform effects of digitalis on Purkinje cells of the 
distal canine specialized conducting system. Microelec- 
trode techniques were employed. Sixteen Purkinje bundle 
preparations resembling a "T" or "Y" configuration were 
utilized. Microelectrodes were impaled in each distal 
limb equidistant from the bifurcation. Control disparity 
of activation time between the impaled cells averaged 1.6 
msec. Superfusion with acetylstrophanthidin (1.2% 10-8 
g/cc) resulted in dissimilar electrophysiologic effects 
in alternate Purkinje fascicles of the T preparation. 
Changes in resting potential were secondary to the devel- 
opment of phase 4 depolarization and/or generalized de- 
polarization. Differences (>5 mv/sec) between limbs in 
maximal rate of phase 4 depolarization after acetylstro- 
phanthidin superfusion were observed in 7 of 16 experi- 
ments, resulting in disparities of activation of 30 msec 
and more. Maximal disparity of activation times was 125 
msec concomitant with the development of marked phase 4 
depolarization in one limb (98 mv/sec vs 9 mv/sec in the 
other limb). Reexcitation of the ventricular tissue was 
observed when the disparity exceeded 60 msec or more. In 
two experiments generalized depolarization with complete 
conduction block occurred in only one fascicle and in an- 
other two experiments one fascicle exhibited Mobitz Type 
I conduction while the alternate fascicle maintained 1:1 
conduction. Asynchronous conduction within the Purkinje 
system may be one mechanism for digitalis-induced re- 
entrant arrhythmias. 


VECTORCARDIOGRAPHIC CHANGES FOLLOWING SAPHENOUS VEIN 
BYPASS GRAFT 

Warren T. Anderson, MD, MAJ, MC; Bruce H, Brundage, MD, 
MAJ, MC; Melvin D. Cheitlin, MD, COL, MC, FACC, 

Walter Reed General Hospital, Washington, D. C. 


Myocardial infarction (ML) following coronary artery by- 
pass (CAD) surgery occurs in about 15%. Preoperative and 
postoperative electrocardiograms (ECG) were evaluated in 
46 patients. Seventeen (17) of these patients also had 
pre and postoperative vectorcardiograms (VCG). Eleven 
(11) additional patients undergoing open heart surgery 
were used as controls. These included aortic valve re- 
placement (2), mitral valve commissurotomy (6) and atrial 
septal defect repair (3). Pre and postoperative VCG's 
were analyzed in 3 planes. The angle of each 10 msec 
vector was measured. The maximal voltage was determined 
along each axis in each plane. Mean changes in these 
parameters were determined for the controls. Change ex- 
ceeding 2 standard deviations from the control mean was 
considered abnormal and not explainable by trauma of open 
heart surgery itself. The postoperative ECG's changed in 
37%(17/46). Seventeen percent (8/46) had QRS changes of 
definite MI. Changes in the remaining 9 included; deve- 
lopment or loss of left anterior hemiblock (3), loss of R 
wave progression (3), and disappearance of preoperative Q 
waves in the inferior leads. Changes were considered 
significant in the postoperative vcG if they occurred in 
at least 1 angle in 2 planes or in the maximum voltage in 
l axis. The postoperative VCG depicted MI in 35%(6/17). 
Significant change in VCG angle occurred in 71%(12/17). 
The voltage in at least 1 axis changed significantly in 
56%(9/16). A change in the postoperative VCG was demon- 
strated in 88%(15/17). The pre and postoperative VCG is 


a sensitive method of detecting subtle changes in con- 
duction or loss of myocardium seen in the majority of 
patients following CAB surgery. 


COMPARISON OF BRETYLIUM AND LIDOCAINE IN ISOLATED 
PERFUSED RABBIT HEARTS. 

Vadakepat Aravindakshan, MD; Leonard S. Gettes, MD, FACC, 
Department of Medicine, University of Kentucky College of 
Medicine, Lexington, Kentucky. 


We studied two problems: 1) Does Bretylium Tosylate 
(BT) have an antifibrillatory effect in the isolated 
heart? and 2) How does this antifibrillatory effect, if 
present, compare to that of Lidocaine (L), a drug known 
to act directly on the cell membrane? 

Ventricular fibrillation (VF) was produced by two 
proven methods i.e. by perfusion with low K (0.8 mM) 
solution and by the introduction of two premature stimuli. 
Each heart served as its own control. In the low K ex- 
periments, hearts were perfused with low K until VF 
occurred, rapidly defibrillated, repleted with K until 
ECG and contractility were normal, and re-perfused with 
low K solution to which either no drug (control - 6 
hearts), BT 25-50 ug/ml (8 hearts), or L 5 ug/ml (7 
hearts) was added until VF was again induced. We found 
that L prolonged the time of re-perfusion with low K to 
the onset of VF in 6 of the 7 hearts by more than 90% 
whereas the low K re-perfusion time was not significantly 
changed in the control hearts or by the addition of BT. 

Using two premature stimuli, L (5 ug/ml) prevented VF 
or decreased vulnerability in each of 4 tested hearts, 
whereas BT (25-50 pg/ml) neither prevented VF or de- 
creased vulnerability in any of 8 tested hearts. 

Our results indicate that BT had no direct antifibril- 
latory effect on either model of VF whereas L had a 
marked effect on both. Thus the reported effects of BT 
are more likely due to its action on catecholamine re- 
lease at sympathetic nerve endings than to a direct 
effect on the myocardium. 


ELECTROPHYSIOLOGIC EFFECTS OF DOPAMINE ON 
SHEEP CARDIAC PURKINJE FIBERS. 

Ronald S. Aronson, M.D., Jeremiah M. Gelles, M.D., 
Brian F. Hoffman, M.D.. Columbia University College 
of Physicians and Surgeons, New York, New York. 


Dopamine has potential usefulness in the treatment of 
cardiac failure. We studied the effects of dopamine on 
the electrophysiologic properties of isolated superfused 
sheep Purkinje fibers using standard glass microelec- 
trode techniques. The action potential tended to shorten 
at both fixed and varied cycle lengths. The maximum 
rate of rise of the action potential upstroke as a function 
of membrane potential was unaltered. The slope of 
phase 4 depolarization and spontaneous rate were in- 
creased. The effects on phase 4 and spontaneous rate 
were blocked by propranolol. Conduction velocity was 
not significantly affected. We determined the effect of 
dopamine on fibers depressed by stretch, hypoxia, and 
ouabain. The resting potential was restored to a more 
negative level with a concomitant improvement in up- 
stroke velocity and action potential configuration. In 
some cases, a depressed fiber was restored to normal. 
We concluded that dopamine has the potential for indu- 
cing ectopic rhythms, but also for improving conduc- 
tion in areas of depression. 


EXTREME VULNERABILITY TO VENTRICULAR FIBRILLATION WITH 
ACUTE CORONARY OCCLUSION EXPOSED BY SEQUENTIAL R/T 
PULSING : 

Paul J. Axelrod, MD; Richard L. Verrier, PhD; Bernard 
Lown, MD, FACC, Harvard School of Public Health and the 
Peter Bent Brigham Hospital, Boston, Massachusetts 


The heart is most likely to develop ventricular fibrilla- 
tion (VF) shortly after coronary artery occlusion, It is 
uncertain whether the high VF threshold is reduced to a 
level wherein energies just sufficient for a propagated 
response can trigger this arrhythmia. The technique of 
sequential R/T pulsing was employed to assess the re- 
duction in VF threshold. Using a right ventricular 
bipolar catheter 2 ventricular premature beats (VPB) were 
produced by 2.0 milliampere (ma) stimuli delivered 5.0 
msec beyond the refractory period of the preceding beat. 
Current producing a third VPB was increased until VF 
occurred. Heart rate was stabilized in 10 dogs with 
atrial pacing. Coronary occlusion was produced using a 
balloon catheter previously placed around the left an- 
terior descending coronary artery. The sequential R/T 
test for VF was repeated at intervals before, during, and 
after a 10 min occlusion period. 1.8 min after occlu- 
sion the current to produce VF fell abruptly from con- 
trol of 55 ma to l ma, the threshold current for VPB, 
Recovery from vulnerability occurred during occlusion at 
4.2 min with 57 ma required for VF. A second period of 
vulnerability was observed 2.1 min after balloon re- 
lease with a 4.4 ma current for VF. There thus exists 

2 brief intervals following coronary artery occlusion 
and release during which the energy necessary to induce 
VF falls to the level for a propagated response. This 
constitutes a biologic model for the induction of VF 
with pulses within the "physiologic range." 


REENTRY WITHIN THE ISOLATED CANINE BUNDLE OF HIS: A 
POSSIBLE MECHANISM FOR RECIPROCAL RHYTHM 

John C. Bailey, MD; Gary J. Anderson, MD; Charles Fisch, 
MD, FACC, Indiana University, Indianapolis, Indiana 


This study was designed to investigate reentrant activity 
in the isolated canine bundle of His (BH) as a possible 
mechanism for reciprocating rhythm. The BH was exposed 
by dissection in a muscle chamber superfused with oxygen- 
ated Tyrode solution and, by transecting incisions, the 
BH was isolated from the AV junction (AVJ) and bundle 
branches. Stimuli were delivered to the proximal BH. 
Depression of conduction angnced by Tyrode solution con- 
taining 13.5 mM Kt and 5 x 107° M epinephrine was moni- 
tored by two microelectrodes impaled in the proximal and 
distal BH. As conduction time between recording elect- 
rodes increased, second depolarizations of the proximal 
cell occurred, prolonging action potential duration (APD) 
of that cell. These second depolarizations often appear- 
ed as full amplitude action potentials. When conduction 
block occurred immediately distal to the proximal cell, a 
second depolarization did not appear, and APD of the 
proximal cell was narrow. When block occurred nearer 

the distal cell, the proximal cell was reactivated, and 
the distal cell was activated via alternate pathways. 
Occasionally repetitive reactivation of both cells oc- 
curred. These data suggest that prolongation of APD of 
cells proximal to sites of conduction depression may be 
due to reentry, and that the foreshortening of APD of 
cells proximal to sites of block may be due to failure 

of reentry. Furthermore, these experiments demonstrate 
that functional longitudinal dissociation and reentry 

can occur within the BH without participation of either 
atrium or AVJ. Thus, reentry within the BH may be a 
mechanism for reciprocating rhythms. 


January 1973 The American Journal of CARDIOLOGY Volume 31 11 


ABSTRACTS 


a 
EVALUATION OF EXTERNAL COUNTERPULSATION FOR THE TREATMENT 
OF ANGINA PECTORIS 
John S. Banas, MD, FACC; Alfred Brilla, MD; Herbert J. 
Levine, MD; FACC; New England Medical Center Hospital, 
Boston, Massachusetts 


External counterpulsation (ECP) was performed on 21 
patients (pts) with angina pectoris (AP). Fourteen pts 
were Functional Class (FC) IV, six FC III, and one FC II. 
Sixteen pts were on propranolol (40-400 mg. daily). ECP 
was performed one hour daily for five days. Significant 
aortic diastolic pressure augmentation (DPA) was produced 
in eighteen pts (75.3 + 1.8 to 123.3 + 2.7 mmHg, p<.001). 
Three pts had no significant DPA produced. Seventeen pts 
with significant DPA were free of AP by day four of ECP, 
one was not. After one month, ten pts were FC I, six 
of the FC IV and two of the FC III pts became FC II. The 
three pts without DPA had no improvement in AP. Only one 
of the eighteen improved pts required propranolol (40 mg.) 
after ECP. Nine pts who developed AP or heart block (one 
pt) during atrial pacing improved their mean pressure time 
per minute at which AP developed from 3165 + 226 to 4000 
+ 162 mmHg - sec/min, p<.0l. Repeat coronary angiography 
performed four to eight weeks after ECP in eleven pts 
showed a definite increase in vascularity in five, equivo- 
cal in four and no visible changes in two. Four pts had 
recurrence of AP four to six months following initial ECP. 
Repeat ECP was again effective in relieving AP. ECP is a 
noninvasive, atraumatic technique that can produce signi- 
ficant DPA and may produce significant subjective and 
objective improvement in some pts with AP, possibly by 
enhancing collateral circulation. 


MICROELECTRODE STUDY OF ALTERNATING RESPONSES TO REPETI- 
TIVE PREMATURE EXCITATION 

Jack P. Bandura, PhD, and Daniel A. Brody, MD, FACC, 
University of Tennessee, Memphis, Tennessee 


Previous in vivo studies demonstrated alternating pat- 
terns of response to premature ventricular excitation, 
and indicated that these patterns were related to alter- 
nating changes in the refractoriness of the specialized 
conduction system. The proposed mechanism for these 
changes in refractoriness was related to cycle-length 
changes produced by delayed retrograde activation of a 
forward-blocked segment of the specialized conduction 
system. Hence we investigated 1) whether 2:1 forward 
block with retrograde activation could be produced in 
isolated bifurcating Purkinje bundles ("Y preparation," 
with both branches terminating in a single piece of ex- 
cised myocardium) and 2) what changes in cycle length 
were associated with this alternating block. 


In vitro Y preparations of canine Purkinje tissue were 
electrically stimulated (in the stem of the Y) with 60 
pulse pairs/minute. Beyond the bifurcation of the stem 2 
microelectrodes were placed proximally and distally in 
the same branch. Critical coupling of the paired stimuli 
produced a 2:1 forward block in the recorded branch. 

When forward conduction failed the impulse was transmit- 
ted through the other branch, entered the distal muscle 
interconnecting the branches, and then retrogradely acti- 
vated the blocked branch. The results also demonstrated 
that the alternating block was related to the preceding 
cycle length. Thus our study demonstrates alternation 

of the impulse pathway in the distal Purkinje system in 
response to repetitive premature excitation and provides 
basic electrophysiological evidence for previously pro- 
posed mechanisms. 
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LIMITATIONS OF MYOCARDIAL REVASCULARIZATION IN RESTORA- 
TION OF REGIONAL CONTRACTION ABNORMALITIES PRODUCED BY 
CORONARY OCCLUSION 

Vidya S. Banka, MD, Kul D. Chadda, MD, Steven G. Meister, 
MD and Richard H. Helfant, MD, Presbyterian-University of 
Pennsylvania Medical Center, Philadelphia, Pennsylvania 


The contraction characteristics of central, border zone 
and nonischemic myocardium were studied with 3 Walton- 
Brodie strain gauge arches fixed on the left ventricle 
with deep sutures and 40% stretch in 18 open chested dogs. 
Revascularization was instituted after 30 minutes (min), 
45 min, 1, 2, and 3 hours (hr) of total occlusion of left 
anterior descending coronary artery. Measurements of is- 
ometric tension (ISOM), rate of rise of ISOM (dT/dt), iso- 
tonic tension (ISOT) and total tension (TT) were made, 
After both 30 and 45 min of occlusion, significant im- 
provement occurred with a 140% increase in ISOM, 116% in 
dT/dt, 165% in ISOT and 65% in TT in the central zone with 
parallel improvements in the border zone. The aneurysmal 
bulging (decrease in ISOT) completely disappeared. How- 
ever, after 1 hr of occlusion the central zone exhibited a 
significant (P¢0.01) further decrease of - 42.3 + 8.6% in 
ISOM, 35.6 + 3.0% in dT/dt, -0.33 + 0.33 to -3 + 1.0 in 
ISOT and 39.4 + 9.0% in TT. Aneurysmal bulging worsened 
immediately after revascularization. The border zone in 
4 of these studies exhibited similar decreases in func- 
tion, however in 2 experiments, there was an improvement. 
After 2 and 3 hr, revascularization was uniformly follow- 
ed by further decreases in function of both centeral and 
border zones, The changes in the nonischemic zone were 
minimal. In summary, contraction abnormalities produced 
by 45 min of coronary occlusion are reversible with re- 
vascularization. However, these abnormalities are often 
accentuated with revascularization 1 hr after occlusion 
and uniformly deteriorated further after two hours, 


COMPLICATIONS OF FEMORAL ARTERY CATHETERIZATION: 
PROSPECTIVE EVALUATION WITH THE DOPPLER ULTRA- 
SONIC VELOCITY DETECTOR 

R.W. Barnes, MD, J. Petersen, MD, FACC, R.B. Krugmire, 
Jr., and D.E. Strandness, Jr., MD, University of 
Washington School of Medicine, Seattle, Washington 


Observer discrepancy in pulse detection suggested the need 
for objective physiologic monitoring of patients for complica- 
tions following percutaneous femoral artery catheterization. 
In 160 procedures in 142 patients the quality of arterial sig- 
nals and the arm and ankle systolic blood pressures were 
assessed by the ultrasonic velocity detector before and after 
cardiac catheterization. An arterial thromboembolic compli- 
cation was detected and localized by an abnormal arterial 
signal, a drop in ankle pressure below that of the arm, and 
an abnormal segmental blood pressure gradient in the leg. 


There were 23 arterial complications (14%) including 7 femor- 
al and 15 distal thromboemboli and 1 iliac dissection. Compli- 
cations were more frequent in females with mitral valve dis- 
ease. Pre-existing peripheral arterial occlusive disease was 
detected by ultrasound in 18 patients (13%); 8 complications 
developed after catheterization of 11 diseased arteries. Fifteen 
of 22 patients with thromboembolic complications were asymp- 
tomatic irrespective of the level of arterial occlusion. Six 
patients with femoral artery occlusion underwent successful 
thrombectomy. The remainder, including all with distal 
thromboemboli, had adequate collateral circulation by ultra- 
sound and did not require operation. 


The Doppler ultrasonic velocity detector is a simple, reliable, 
noninvasive aid in the detection and management of complica- 
tions of femoral artery catheterization. 
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EVALUATION OF CHANGES IN MYOCARDIAL CONTRACTILITY DURING 
ANGINA PECTORIS 

William H. Barry, MD; Jeff Z. Brooker, MD; Edwin L. 
Alderman, MD; Donald C. Harrison, MD, FACC, Cardiology 
Div. Stanford Univ. School of Med., Stanford, Calif. 


In seven patients with coronary artery disease, nine epi- 
sodes of angina pectoris (A) were induced by atrial 
pacing. Multiple sequential phased angiograms using 8-10 
ml contrast were performed before A, during A and after 
recovery from A. Left ventricular pressure (P) and the 
dp/dt were recorded with a fluid filled angiocatheter 
filtered at 12 Hz. End and beginning diastolic volumes 
were determined from the angiograms. Using the equation 
lneP=kV+b,the diastolic P and V data thus obtained al- 
lowed graphic determination of the stiffness coefficient 
k and the IneP intercept b. Changes in contractility were 
assessed by the end diastolic pressure (EDP). The ejec- 
tion fraction (EF) ,peak dp/dt, peak velocity of the con- 
tractile element (PVce) using total P(tp) and developed P 
(dp) in the equation Vce=dp/dt/KP. K in this equation was 
assumed to be 32, and the Vce at 20 mm dp was taken as 


FrcedD 1-Before A 2-During A 3-Recovery A p(lvs2) 
EDP 12.2 22.36 -29.3721.9 10.4 +1.7 <.01 
EF 0.47 +.04 0.37 +.04 0.48 +.05 <.05 
P dp/dt 1425 +198 1527 +181 1502 +218 NS 
PVceP 0.89 +.08 0.70 +.07 0.95 +.08 <.01 
PVcedp 1.40 +.12 1555°27335 £35 3.08 NS 
k .0094 +.0026 .0076 +.0023 .0097 +.0025 <.05 


Thus there is a decrease in contractility during angina 
pectoris which is indicated by a decrease in EF, an in- 
crease in EDP, and a decrease in PVcetp.Peak dp/dt and 
PVcedp do not indicate this change in contractility. Use 
of the velocity indices in these patients is complicated 
by the fact that k varies from patient to patient, and 
changes in a given patient during A. 


EFFECT OF PROPRANOLOL AND ISOPROTERENOL ON REGIONAL LEFT 


VENTRICULAR BLOOD FLOW AND EPICARDIAL ST SEGMENT HEIGHT IN 


EXPERIMENTAL MYOCARDIAL ISCHEMIA 
Lewis C, Becker, MD; Rafael Ferreira, MD; Michael Thomas, 


MD, MRCP, M.R.C. Cardiovascular Unit, London, and University 


of North Carolina, Chapel Hill, North Carolina 


It is thought that propranolol (P) limits and isoprotere- 
nol (I) exaggerates the extent of ischemia following 
experimental coronary artery occlusion. To study this 
further, myocardial ischemia was produced in 18 open- 
chested dogs by ligation of branches of the anterior 
descending coronary artery. Regional left ventricular 
blood flow (LVF) was measured with 15m radioactive micro- 
spheres 1 hour later, and again after the IV administra- 
tion of P (0.08 mg/kg, 10 dogs) or I (1-Smg/min infusion, 
8 dogs). Epicardial ECG's were recorded at multiple sites 
just before each determination of LVF to assess local 
injury. P caused a reduction in ST segment elevation 
throughout the area of ischemia (P<0.01) and a significant 
depression of isoelectric segments both inside (P<0.05) 
and outside (P<0.01) the ischemic zone. In spite of this, 
blood flow was unchanged in low flow regions («0.3 cc/min 
/gm) and reduced by 5-15% in higher flow areas. In con- 
trast, I caused a further increase in ST elevation over 
the ischemic area (P<0.001) and a significant elevation of 
isoelectric segments inside, but not outside, the margin 
of cyanosis. Blood flow was increased to the inner half, 
and unchanged to the outer half of the ventricular wall 
in low flow areas (<0.5 cc/min/gm), and increased to both 
halves in higher flow areas. 

Thus, although P decreases tissue injury, flow is un- 
changed or reduced; similarly, I exaggerates injury in 
the face of increased or unchanged flow. It is therefore 
most likely that these drugs affect ischemic myocardium 
by altering local oxygen utilization with secondary 
changes in blood flow. 


ABSTRACTS 


CORONARY BLOOD FLOW DISTRIBUTION DURING CARDIO- 
PULMONARY BYPASS (CPB) IN PIGS. 

Ronald M. Becker, M.D., Harry M. Shizgal, M.D., 
Anthony R.C. Dobell, M.D., Dept. of Surgery, 
Royal Victoria Hospital, McGill University, 
Montreal, Canada. 


Circumferential necrosis of the inner 1/3 of 

the left ventricle is a frequent cause of morbi- 
dity and mortality following CPB. To test our 
hypothesis that the lesion is due to maldistri- 
bution of blood flow during CPB, the distribu- 
tion of coronary flow was estimated by means of 
radioactive 15 microspheres injected before and 
during CPB in pigs. A total of twenty-five ani- 
mals was studied. Prior to CPB the endocardial 
(endo) side of the left ventricle (LV) was al- 
ways more well perfused than the epicardial (epi) 
side (mean ratio epizendo .71). When the heart 
remained in sinus rhythm during CPB the distri- 
bution favoring the endocardium was maintained 
(mean ratio epizendo.88). When the heart fib- 
rillated during CPB, the distribution was rever- 
sed, with the epicardium favored to a startling 
degree (mean ratio epi:zendo 17.6:1). Coronary va- 
sodilation with dipyridamole or perfusion with a 
pulsatile pump in fibrillating hearts reduced 
but did not eliminate the gradient favoring the 
epicardium (mean ratios epi:zendo 5.13:1 and 
3.1221 respectively). It is concluded that ven- 
tricular fibrillation during CPB leads to a re- 
distribution of flow away from the endocardium. 
This is in accordance with out clinical observa- 
tion that left ventricular hemorrhagic necrosis 
occurs almost exclusively in fibrillated hearts. 


ELECTROPHYSIOLOGIC EFFECTS OF DISOPYRAMIDE PHOSPHATE - 
A NEW ANTIARHYTHMIC AGENT 

Benjamin Befeler, MD; Agustin Castellanos, Jr., MD; 
FACC: David E. Wells, MD; M. Celeste Vagueiro, MD; 
Billy K. Yeh, MD; Robert J. Myerburg, MD, Veterans 
Administration Hospital and Dept. of Medicine, Uni- 
versity of Miami School of Medicine, Miami, Fla. 


Disopyramide phosphate (D-P) was administered intra- 
veneously (1 and 2 mgm/kg body weight) to 9 male 
patients, ages 27 to 77 (mean 53.6). Two patients had 
cardiomyopathy; 6, arteriosclerotic heart disease, and 
one chest pain not of cardiac origin. The drug was ad- 
ministered during diagnostic cardiac catheterization. 
Sinus recovery time (SRT), effective (ERP) and func- 
tional refractory (FRP) periods were measured across 
the A-V node (AVN) and the His Purkinje system (HPS) 

by scanning diastole with premature stimuli applied to 
the right atrium during fixed rate atrial pacing and 
recording of atrial (A), His (H), local ventricular (V) 
and right ventricular apical (RVA) potentials with 1 mm 
apart catheter tip bipolar electrodes with simultaneous 
recording of three standard and one precordial EKG 
leads. SRT was analyzed by the overdrive suppression 
technique. SRT was decreased by D-P in all 9 patients 
from 35 to 420 msec (average 160 msec) with no signi- 
ficant change in basic sinus rates. The atrial 
refractory periods showed no consistent change. The 
ERP and FRP for the AVN and the HPS were not altered 

by the drug. Ventricular premature beats present at 
the beginning of the study in 3 patients were entirely 
abolished by D-P. Hemodynamic studies showed a de- 
crease in cardiac output at a dose of 2 mgm/kg. The 
decreased averaged 14% (range 7 to 17%). The data sug- 
gests that D-P may be useful in the treatment of ven- 
tricular arrhythmias expecially in the setting of 
bradycardia or sick sinus node syndrome. 
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ABSTRACTS 


EFFECT OF CHRONIC HYPOXIA ON QOUABAIN-INDUCED ARRHYTHMIAS 
George A. Beller, M.D.; Samuel R. Giamber, M.D.; John T. 
Maher, Ph.D.; Thomas W. Smith, M.D.; U.S. Army Rsch, 
Inst. Env. Med. and Dept. of Medicine, Massachusetts 
General Hospital, Natick and Boston, Massachusetts. 


Previous studies have shown that less digitalis is re- 
quired to produce toxic rhythm disturbances during acute 
hypoxic stress. The influence of chronic hypoxia(CH) on 
the threshold for ouabain-induced arrhythmias was there- 
fore studied in 10 unanesthetized dogs in a hypobaric 
chamber maintained at 446 mmHg (14,000 ft.) following 7- 
19 (mean: 14.7) days of continuous exposure at this al- 
titude. Another 15 dogs studied at sea level comprised 
the normoxic control (N) group. In both groups, a 7.5 
ug/kg loading dose of ouabain (OU) was followed by in- 
fusion of OU at 3.0 ug/kg/min to ECG evidence of toxici- 
ty. Mean (+ SD) arterial p02 (pa02), O, saturation (SAT), 
arterial pCO, (p,C0>) and arterial pH kir the 2 groups 
were as follows: 





Group pPa0(mmHg) 0% SAT (32) PaCO2 (mmHg) pH 
N 86 + 7 95-4] bl + 4 7.43 +0.05 
CH 46 + 5 79 +5 31.43 7.39 +0.04 
P <0.001 <0.001 <0.001 <0.05 


Mean hematocrit was significantly higher in CH (54 + 3%) 
than in N (43 + 5%) dogs in response to prolonged hyp- 
oxic stress (P<0.001). After OU administration, similar 
rises in mean arterial pressure occurred in N (25 + 16 
mmHg) and CH (23 + 14 mmHg) groups. There was no signi- 
ficant difference in the mean cumulative dose of OU in 
CH (71 + 11 ug/kg) vs. N (78 + 12 ug/kg) animals. Thus, 
in contrast to acute hypoxia, chronic hypoxia in unanes- 


thetized dogs was not associated with a statistically 
significant reduction in the dose of ouabain required to 


produce toxic arrhythmias. 


NEW METHOD TO MEASURE AORTOCORONARY BYPASS 
GRAFT BLOOD FLOW VELOCITY 

Alberto Benchimol, MD, FACC; Kenneth B. Desser, 
MD; James A. Schumacher, MD, 

Institute for Cardiovascular Diseases, 

Good Samaritan Hospital, Phoenix, Arizona 


Utilizing the Doppler flowmeter catheter (DFC) 
technique, aortocoronary saphenous vein bypass 
graft blood flow velocity (ACFV) was measured 
in 20 unanesthetized, conscious post-operative 
patients. ACFV was characterized by phasic 
systolic and diastolic components which under 
basal conditions did not reach baseline zero 
levels. Withdrawal of the DFC tip from the 
graft ostium to the ascending aorta resulted in 
an abrupt increase of systolic flow velocity. 
Significant systolic ACFV was noted in subjects 
whose bypassed coronary arterial flow velocity 
was predominantly diastolic in nature. Meas- 
urement of flow velocities in occluded grafts 
and grafts with poor clearance of angiographic 
contrast media resulted in either no ACFV or 
reduced peak ACFV levels. In 2 subjects with 
patent grafts, inhalation of amyl nitrite 
effected a 25-33% increase of peak ACFV. Atrial 
and ventricular tachyarrhythmias produced a 50- 
75% decline of ACFV related to shortened 
diastolic filling periods and extrasystolic 
coupling. It is concluded that: 1) Such meas- 
urement of ACFV is a physiologic demonstration 
of instantaneous graft blood velocity in intact 
human subjects, 2) ACFV and intact coronary FV 
wave-forms are altered by amyl nitrite and 
arrhythmias in a similar fashion, and 3) The 
DFC is useful for characterizing ACFV under a 
variety of normal and pathologic conditions. 
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THE USE OF THE POTASSIUM=43 MYOCARDIAL SCAN IN 
EVALUATING MYOCARDIAL REVASCULARIZATION 

Kenneth R. Bennett, MD; Robert O. Smith, BS; 

Akio Suzuki, MD, FACC; Patrick H. Lehan, MD, FACC; 
Harper Hellems, MD, FACC, University of Mississippi 
School of Medicine, Jackson, Mississippi 


Preoperative and serial post-operative myocardial 
scanning with potassium-43 has been performed in order 
to evaluate anticipated improvement in myocardial blood 
flow and to assess continued graft patency following 
myocardial revascularization procedures. Eight patients 
with occlusive coronary artery disease have been studied 
before and after saphenous vein bypass and/or mamma ry 
artery anastomosis or implantation and the results 
correlated with the patient's clinical status, exercise 
testing, and, where possible, post-operative coronary 
angiography. Definite early (6-14 days post-surgery) 
improvement in scan appearance has been observed in five 
patients whose pre-operative scan was sufficiently 
abnormal that a valid judgement as to pre and poste 
operative change could be made. Late serial scanning 
(up to eight months) has demonstrated continued 
improvement in scan appearance. From these few patiénts 
it appears that saphenous vein bypass or direct arterial 
anastomosis can markedly improve myocardial scan 
appearance, presumably by increasing myocardial blood 
flow. No graft closure or failure has been recognized 
in this group of patients, however, should this occur 

it is hoped that a change in the scan pattern will 
demonstrate an alteration in myocardial perfusion, 
thereby offering an objective method of evaluating 

graft patency short of coronary arteriography. 


SURFACE RECORDING TECHNIQUE FOR DETECTING ELECTRICAL 
ACTIVITY DURING THE P-R SEGMENT 

Edward J. Berbari, BSEE; Ralph Lazzara, MD; Benjamin J. 
Scherlag, PhD; Mount Sinai Medical Center, Miami Beach, 
Florida 


Many recent clinical studies of the electrical activity 
of the His-Purkinje system (HPS) have utilized intracar- 
diac recordings. We attempted to record the activity of 
the HPS from the body surface by non-invasive technics. 
Bipolar ECG leads in 3 planes were recorded from anesthe- 
tized dogs during atrial pacing. The signal was ampli- 
fied (gain=10 -10°), filtered (80-300 Hz) and fed into a 
signal averager (SA). The latter, triggered by the pacer 
pulse, performed an averaging algorithm for 500-1000 car- 
diac cycles, in order to enhance the periodic signal and 
markedly reduce random noise levels. For reference His 
bundle (H) activity was recorded simultaneously with an 
intracardiac catheter. Pre-ventricular activity (PVA) was 
detected in the surface leads beginning 20-30 msec before 
the onset of the QRS. It was characterized as biphasic 
waveforms with maxima and minima having an amplitude of 
3-7 microvolts. Progressive increase in atrial pacing 
rate resulted in a gradual increase in duration of the 
P-R segment. However, the PVA retained its configuration 
and time relation to the QRS. To slow conduction in the 
HPS, procainamide was administered intravenously (30-60 
mg/kg). After stabilization, recordings were made at var- 
ious heart rates. With an increase of 5-7 msec in H-V 
time there was an equivalent increase in the duration of 
the PVA. With the same lead axis the configuration of the 
PVA was similar in different dogs. We conclude that with 
amplified, filtered and averaged recordings from the body 
surface, electrical activity can be detected which is co- 
incident with activation of the HPS under various experi- 
mental conditions. 
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TOTAL ANOMALOUS PULMONARY VENOUS RETURN 
(TAPVR) WITH OBSTRUCTION AT THE ATRIAL SEP- 
TUM (PALLIATION WITH BALLOON SEPTOSTOMY 
AND OPEN ATRIAL SEPTECTOMY) 

Michael A. Berman, MD;Norman S. Talner, MD, FACC; 
H. C. Stansel, Jr., MD, Yale University School of 
Medicine, New Haven, Conn. 


When obstruction to pulmonary venous return occurs 
with TAPVR, these infants may become severely symp- 
tomatic. Obstruction, always present when the veins re- 
turn below the diaphragm, also takes place with an atre- 
tic or compressed left ascending vein but is unusual 
when the site of return is the right atrium, coronary 
sinus, or left superior vena cava. Two infants are re- 
ported with TAPVR in which an inadequate atrial com- 
munication was the site of obstruction, Symptoms in one 
with TAPVR to the coronary sinus was dramatically im- 
proved with balloon septostomy. In the other, the trunk 
entered the left innominate vein. Relief was achieved by 
atrial septectomy utilizing cardiopulmonary bypass, 
since the conventional Blalock-Hanlon operation would 
be technically difficult due to the malposition of the 
anomalous vessel. While primary repair should be the 
goal of all centers caring for infants with TAPVR, it 
appears that a select group may benefit from initial 
palliation (especially if this can be performed at cathe- 
terization) and then followed by definitive repair. 


PERSISTENT PATENCY OF DUCTUS ARTERIOSUS IN PREMATURE 
NEWBORN INFANTS 

Carlos E. Blanco, MD; Bijan Siassi, MD, FACC; and Luis A. 
Cabal, MD, Department of Pediatrics, University of 
Southern California School of Medicine, Los Angeles, 
California. 


The incidence of patent ductus arteriosus (PDA) be- 
yond 3 days of age was studied in 100 consecutive 
admissions of premature neonates with birth weights of 
760 to 2000 grams. Initial screening of the 100 infants 
was done by auscultation, and a clinical diagnosis of 
PDA was made in 36. Diagnosis was confirmed by thoracic 
angiography in the 6 most severely involved infants. 
Dye dilution ear-oximetry was performed in 20 of the 
remaining 30 infants and 30 to 80% left-to-right shunt 
was demonstrated. The incidences of PDA were 77%, 44% 
and 23% in babies with gestational ages of 28-30, 31-33 
and 34-36 weeks respectively. Chest radiographs showed 
increased pulmonary vascular markings in 56% of babies 
with PDA, whereas only 11% had abnormal EKG (right 
ventricular hypertrophy). A clinical diagnosis of 
respiratory distress syndrome (RDS) was made in 81% of 
babies with PDA and in only 26% of babies without PDA, 
Because of unresponsiveness to conservative treatment, 
surgical ligation was required in 4 babies. Of 16 
infants followed for periods up to 5 months, 9 showed 
spontaneous closure. 


From this study, it is concluded that persistent 
patency of the ductus arteriosus is a common occurrence 
in small premature infants and is clearly related to 
gestational age. When correction is made for gestational 
age, there is still a higher incidence of PDA in babies 
recovering from RDS. 


ABSTRACTS 


CORONARY ARTERY REPERFUSION: EARLY EFFECTS ON CORONARY 
HEMODYNAMICS 

Colin M. Bloor, MD, FACC, and Francis C. White, BS, Dept. 
of Pathology, UCSD School of Medicine, La Jolla, Calif. 


Coronary artery reperfusion (CAR) studies assume that 
coronary hemodynamics are unaltered in the reperfused bed. 
To test this, we monitored reactive hyperemia (RH) 
responses and coronary blood flow (CBF) responses to nitro 
glycerine (NG), 0.3 mg i.v. before and after coronary 
occlusion (CO) in 20 conscious dogs, chronically instru- 
mented with pressure tubes, and electromagnetic flow probe 
and occlusive cuffs on the left circumflex coronary artery 
After control runs, in which we established control values 
for RH responses and CBF responses to NG, we occluded the 
left circumflex coronary artery for 2, 6, 24 or 72 hrs. 

On release of CO and start of CAR, we monitored RH re- 
sponses and CBF responses to NG over the next 4 days. In 
5 dogs occluded for 2 hrs, RH and CBF responses to NG 
during CAR were unchanged from controls. In 4 dogs 
occluded for 6 hrs, RH and CBF responses to NG were signi- 
ficantly reduced (P<0.01) during CAR to 55+5 (SEM)% and 
63+5%, respectively, of controls. In 7 dogs occluded for 
24 hrs and 4 dogs occluded for 72 hrs, RH and CBF response 
to NG were abolished upon CAR and reappeared significantly 
reduced from controls after 24 hrs of CAR. These reduced 
responses returned to control within 2 to 5 days into CAR. 
Our results show significantly reduced hemodynamic re- 
sponses in the reperfused coronary bed which may persist 
for 4 days after a CO of 6 hrs or more duration. Such 
changes may reduce the effectiveness of any reperfusion 
procedure, unless an appropriate intervention is made. 


EARLY DETECTION OF CARDIOMYOPATHY IN MUSCULAR DYSTROPHIES 
Joseph A. Bonanno, M.D., FACC, James Lies, M.D., Robert 
G. Taylor, M.D., Jess F. Kraus, Ph.D., Ezra A. Amsterdam, 
M.D., FACC, Dean T. Mason, M.D., FACC, Sch. of Med., 
Univ. of Calif., Davis. 

Although cardiomyopathy (CM) is a common cause of 
death in the muscular dystrophies (MD), its diagnosis is 
often obscured until the terminal stages of these 
diseases. Cardiac symptoms (CSx) are late findings and 
physical signs are difficult to interpret because of the 
frequent presence of thoracic deformity and/or respira- 
tory disease. Consequently, ECG abnormalities (Ab) have 
constituted the principle means of CM identification in 
MD. In this study, non-invasive systolic time interval 
measurements (STI) were used to evaluate cardiac function 
in 20 patients (PTS) age 5-15 yrs with mild disease of 
whom 15 had progressive muscular dystrophy (Duchenne), 3 
myotonic dystrophy and 2 limb girdle dystrophy. Cardiac 
physical and roentgen examinations were all normal and 
CSx were completely absent. The QRS duration was normal 
in all and the ECG pattern suggested CM in only 3. Total 
electromechanical systole (Q-S2), Q-S,, left ventricular 
ejection time (LVET), pre-ejection period (PEP), isovol- 
umic contraction time (ICT) and LVET/PEP were determined, 
and compared with age-corrected normal values. The STI's 
were then subjected to discriminant function analysis and 
were found to readily discriminate PTS from normals 
(p<.005). PEP prolongation was the principle Ab and re- 
sulted primarily from increased Q-S; (p<.005) although 
ICT was also prolonged (p<.05). LVET was not significant- 
ly altered. Since ORS duration was normal, an Ab of ex- 
citation-contraction coupling is thereby suggested. Thus, 
STI provide a sensitive means of detecting cardiac in- 
volvement in MD. 
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NATURAL HISTORY OF TETRALOGY OF FALLOT IN INFANCY: 
INTERRUPTION BY TOTAL CORRECTION. Lawrence I. Bonchek, 
MD, Albert Starr, MD, Cecille O. Sunderland, MD,and Victor D. 
Menashe, MD, U. of Oregon Medical School, Portland, Oregon. 

We employ a classification system for tetralogy (TF) that corre- 
lates clinical findings with the nature and severity of right ventri- 
cular (RV) outflow obstruction. Group O infants are acyanotic, 
Group | and 2 infants have intermittent or mild cyanosis with hy- 
poxic spells, Group 3 infants have severe cyanosis without spells, 
and Group 4 infants have severe cyanosis and pulmonary artery (PA) 
hypoplasia. Since 1964, 59 infants have had TF documented by 
catheterization. Contrary to previous reports, the majority (40/59) 
were acyanotic (Group O) at birth. Cyanosis and hypoxic spells 
subsequently developed at mean ages of 6.l and 13.4 mos. respec- 
tively, due to increasing muscular infundibular hypertrophy, endo- 
cardial fibrosis of the RV outflow tract, and growth failure of the 
PA due to diminished pulmonary blood flow. At catheterization 
(mean age 12.7 mos.) only 2 were still in Group O, and 23 were 
having hypoxic spells (Groups 1 and 2). These spells indicated pri- 
marily muscular infundibular obstruction without pulmonary hypo- 
plasia. 

An understanding of the progressive nature of TF suggests that in- 
fants in Groups l-3 can have total correction before significant un- 
dergrowth of the RV outflow tract occurs. Shunts are performed only 
in Group 4 infants. 28 infants from 10 weeks to 2 years old had 
total correction. 5 were under 6 months. Only 4 of 23 with spells 
required patches across the pulmonary annulus. There were 2 opera- 
tive deaths (7%), and no late deaths. Heart block did not occur. 
Late hemodynamic studies in 17 patients reveal good relief of RV 
obstruction (mean RV-PA gradient 19 mm Hg) and no significant 
shunts. The natural history of TF in infancy can be successfully 
interrupted in most cases by early correction. 


INFLUENCE OF SUBVALVULAR VENTRICULAR MORPHOLOGY AND 
SYSTOLIC EJECTION TIME ON MITRAL REGURGITANT FLOW 

David M. Borkenhagen, MD; Richard Gorlin, MD, FACC; 
Douglass F. Adams, MD; Juan R. Serur, MD; Edmund H. 
Sonnenblick, MD, FACC, Harvard Medical School and Peter 
Bent Brigham Hospital, Boston, Mass. 

Acute mitral regurgitation (MR) was produced in 5 dogs by 
closed chest partial mitral valvulectomy to assess the 
relative influence of mitral regurgitant pressure gradi- 
ent (MRG), regurgitant orifice area (MRA), and systolic 
ejection time (SET) on regurgitant flow (MRF). Aortic 
(Ao), left ventricular (LV) and atrial pressures (p), 
biplane cineangiography, forward blood flow (FF), and MRF 
were obtained at constant heart rate immediately after 
production of MR (123+24% of FF) and during infusion of 

a volume (V) expander. Results follow: 





MR MR + V P 
Ao mean p 110+ 11 125+ 8 mm Hg <.025 
MRG 1094 12 117+ 9 mm Hg NS 
LV dp/dt 2730280 2810+240 mm Hg/sec NS 
SET 150t 6 180+ 9 msec/beat <.025 
LV end diastolic V 6% 7 101+ 9 ml <.005 
LV stroke V 4l+ 4 65+ 7 ml/beat <. 025 
FF 1% 3 26} 5 ml/beat NS 
MRF 22. "2 39% 6 ml/beat <.05 


There was no correlation between MRF and MRG with pre- 
loading (r=.08). There was close correlation between 
MRF and LV end diastolic (ed) V (r=.68, p<.05), ed sub- 
valvular ventricular (SV) width (r=.72, p<.02), ed mitral 
annular diameter (r=.71, p<.02), and SET (r=.86, p<.01). 
Conclusions: In the intact canine model the regurgitant 
orifice has dynamic physiologic properties that are reg- 
ulated by SV and annular dimensions. SV morphology and 
SET are independent and major determinants of MRF in 


this model. In the clinical oot of chordae ten- 
dineae rupture or papillary muscle dysfunction these 
factors may have special significance. 
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EFFECT OF SAPHENOUS VEIN GRAFT SURGERY UPON LEFT VENTRI- 
CULAR FUNCTION 

Harisios Boudoulas, MD; Richard P. Lewis, MD, FACC; Pan- 
ayotis E, Karayannacos, MD; John S. Vasko, MD,FACC, The 

Ohio State University College of Medicine, Cols., Ohio. 


It is well established that saphenous vein graft (SVG) 
surgery has a favorable effect upon angina pectoris but 
the effect of this operation upon left ventricular func- 
tion (LVF) is not yet clear, Thirty-six patients (pts) 
who had SVG were studied. Twenty-three pts had a normal 
LV ejection fraction (EF) (0.71 + 6). The PEP/LVET ratio 
obtained by systolic time intervals (STI) which was used 
as an index of LVF and the cardiac index (C1) were un- 
changed after SVG (PEP/LVET 0.38 vs 0.39) (Cl 3.4 vs 3. 
6). Ten pts had a low EF (0.49 + 7). In these pts the 
PEP/LVET deteriorated after SVG (0.44 vs 0.49, pZ0.025) 
while the Cl was unchanged (3.6 vs 3.2). Sixteen pts 
had catheterization after SVG. Thirteen had patent 
grafts. In these pts the EF, LV end-diastolic pressure 
(EDP), systolic pressure (SP), maximum rate of pressure 
rise (dp/dt), PEP/LVET and Cl showed no significant 
changes after SVG, 


EF dp/dt EDP SP  PEP/LVET Cl 
(mmHg/sec) (mmHg) 

Before .65 1958 9 238. V, AS - 3.1 

After .59 2250 9 134 45 3.5 


The LVF in 3 pts with a closed SVG also showed no deteri- 
oration by these criteria. Three patients had a myocar- 
dial infarction postoperatively. The PEP/LVET deterior- 
ated (0.42 vs 0.52) but gradually returned to the pre 

SVG level after several months. It is concluded that if 
LVF is normal pre-op, it is unchanged after SVG. In the 
presence of LV dysfunction a slight deterioration occurs 
after the operation. Myocardial infarction after surgery 
produces a transitory deterioration of LVF. STI are a 
useful simple technique to assess LVF before and after SVG 


THE NONPROGRESSIVE NATURE OF CHANGES IN AORTOCORONARY 
VEIN GRAFTS 


Martial G. Bourassa, MD, FACC; Jacques Lespérance, MD; 
Lucien Campeau, MD, FACC; Jacques Saltiel, MD, Montreal 
Heart Institute, Montreal, Que, Canada. 


Long-term follow-up studies are essential to assess the 
therapeutic value of aortocoronary bypass surgery. A se- 
rial angiographic evaluation of vein grafts was carried 
out two weeks, one year and approximately three years af- 
ter surgery in 48 patients (72 grafts). The attrition 
rate of grafts was 8% at the initial study, 20% on the 
second study and 8% on the third study. In addition to 
the high occlusion rate between two weeks and one year 
after surgery, many patent grafts underwent a diffuse or 
segmental reduction of their lumen. However, no further 
progression of these modifications occurred between one 
and three years, except in some grafts with severe steno- 
ses which became occluded. Thus, subintimal fibrous hy- 
perplasia, responsible for the morphological changes of 
grafts, does not appear to be a slowly progressive patho- 
logical process and appears to become stabilized after 
one year. 
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HYPERLIPOPROTEINEMIA IN 588 PATIENTS WITH ANGIOGRAPHI CAL- 
LY DEFINED CORONARY ARTERY DISEASE 

D. F. Brown, MD; J. A. Sosa, MD; K. Daudiss, BS, Albany 
Medical College, Albany, New York. 


Clinical epidemiologic studies have correlated lipid dis- 
orders with coronary atherosclerosis but have been ham- 
pered by the inadequacies of non-invasive techniques in 
detecting this disease. In this study lipoprotein typ- 
ing was carried out on 410 men and 148 women aged 24-74 
who attended for coronary angiography, 85% of men and 
64% of women exhibited coronary artery disease. Although 
the disease at any decade was less severe in women, the 
majority of both sexes with disease had >80% lumenal 
occlusion at one or more site. Hyperlipoproteinemia 
(HL) was significantly more prevalent in patients with 
CAD than in those with healthy vessels and this correla- 
tion was most striking in those under age 44. Of 40 men 
under 44 with normal vessels, 68% has normal lipids, 

7% type II HL and 25% type IV HL. Only 25% of this 

age group with CAD had normal lipids while 32% had 

type II and 43% type IV HL. In women under 44, type IV 
HL was uncommon and did not appear to be related to CAD 
whereas type II HL was highly correlated being present 
in 80% of those with CAD. The findings in this group 
indicate that as in the general population type IV HL 

is much more prevalent in men than in women. Although 
this disorder is more prevalent in men with significant 
CAD than those without, it is nevertheless still highly 
prevalent (25%) in those with healthy vessels. Type 

II HL is correlated with demonstrable CAD in both sexes 
and is the only significant lipid disorder in young 
women with this disease. 


ABNORMAL INTERVENTRICULAR SEPTAL MOTION IN PATIENTS 
WITH SIGNIFICANT DISEASE OF THE LEFT ANTERIOR DESCENDING 
CORONARY ARTERY OR OTHER CONDITIONS OF SEPTAL FAILURE. 


Owen R. Brown; Richard L. Popp, MD; Donald C. Harrison,MD, 
FACC; Cardiology Div., Stanford University School of 
Medicine, Stanford, California 


Echographic techniques for determining interventricular 
septal (IVS) motion were used to study 60 patients (pts) 
with varied location and degrees of coronary artery dis- 
ease (CAD). Newly developed criteria for normal IVS mo- 
tion were applied in this group. Of 32 pts with signifi- 
cant (>50% obstruction) CAD of the left anterior descend- 
ing vessel (LAD) by angiography, 30 had abnormal (abn) 
IVS motion. Abn IVS motion was probably masked in one of 
the remaining 2 pts by the presence of mitral regurgita- 
tion. Nine of the 30 pts with abn IVS motion would have 
been considered normal by previously described criteria. 
The remaining 28 pts with CAD not involving the LAD coro- 
nary artery had normal IVS motion by both old and new cri- 
teria. Lack of enlarged right ventricular (RV) dimensions 
differentiated the pts with abn IVS motion due to CAD of 
the LAD from those with RV diastolic volume overload in 
most cases. Five of 5 pts with cardiomyopathies also had 
abn IVS motion by old and new criteria but left ventricu- 
lar and left atrial dimensions differentiated these pts 
from those,with LAD/CAD in most cases. Abn IVS motion was 
not seen in 25 pts with valvular heart disease alone. It 
is suggested that echographic observations of the IVS are 
useful in the detection of significant LAD/CAD and other 
pathologic conditions. 


ABSTRACTS 


DAUNORUBICIN CARDIOMYOPATHY. AN ULTRASTRUCTURAL 
EXAMINATION OF A TOXIC CARDIOMYOPATHY. 

L. Maximilian Buja, MD; Victor J. Ferrans, MD; William C. 
Roberts, MD, FACC, National Heart and Lung Institute, 
National Institutes of Health, Bethesda, Md. 


Congestive heart failure occurs in 10% of patients treated with 
daunorubicin (DNR), an anthracycline antibiotic effective in 
the treatment of acute leukemia. To elucidate the mechanisms 
of DNR cardiotoxicity, histologic and ultrastructural studies 
were made of the hearts of 6 leukemic patients. Four had 
received 500, 460, 455 and 120 mg/M2, respectively, of 
DNR; the other 2 (controls) were not treated with DNR. Foci 
of damaged, degenerating and atrophic muscle cells and of 
myocytolysis were present only in the hearts of the 3 patients 
who received high doses of DNR, and wére most extensive in 
the patient who received the highest dose of DNR and devel- 
oped clinical cardiotoxicity. Alterations of chromatin were 
observed in 10% of muscle cell nuclei in the same 3 patients, 
and consisted of replacement of chromatin by thick fibers, 
160-200 A in diameter, intermediate-sized fibers, 70-100 A, 
and thin filaments, 30-40 A. These lesions were interpreted 
as representing various stages of uncoiling and unraveling of 
chromatin and were considered to be related to the known 
phenomenon of intercalation of DNR into the DNA molecule. 
DNR cardiomyopathy may be related to inability of non- 
dividing cardiac muscle cells to repair DNR-induced altera- 
tions in DNA. Thus, this study demonstrates a specific me- 
chanism by which a toxic cardiomyopathy is produced. 


CALCIFICATION OF THE MITRAL ANNULUS: A LATE COMPLICATION 
OF VALVE REPLACEMENT WITH CAGED-BALL PROSTHESES 

Bernadine H. Bulkley, MD, Andrew G. Morrow, MD, FACC, 
William C. Roberts, MD, FACC, National Heart and Lung 
Institute, Bethesda, Md. 


The known late complications of cardiac valve replacement 
with caged-ball prostheses include thrombosis, infection, 
peribasilar leaks, endocardial fibroelastosis, systemic 
embolism and degeneration of materials of the prostheses. 
A hitherto undescribed late complication of cardiac valve 
replacement is calcification at the site of attachment of 
the valve prosthesis. The hearts of 11 patients who had 
undergone mitral valve replacement for pure mitral regur- 
gitation 3 to 116 months before death were examined. No 
calcific deposits had been present in the excised valve 
leaflets or noted in valve rings at operation. At 
necropsy, the hearts of all 6 patients (avg. age 48 years) 
who had had valve replacement 44 to 116 months (avg. 88) 
before death contained focal to diffuse calcific deposits 
in the mitral annular regions. The most extensive 
deposits were present in the 3 patients in whom the 
implantation periods exceeded 100 months. The mitral 
annuli of the 5 patients (avg. age 44 years) with valve 
replacements 3 to 12 months (avg. 7 months) before death 
were free of calcium. The likelihood of calcification 
increases with increasing durations of implantation. The 
mechanism of calcification of the mitral annuli in these 
patients is uncertain, but it seems likely that constant 
to-and-fro movement of rigid-frame prostheses accelerates 
wear of the tissues beneath the sites of attachment. A 
danger of prosthetic ring calcification is obvious in the 
event of reoperation to replace a faulty prosthesis. 
Because prostheses are held in place by sutures and not by 
ingrowth of tissue, it also is possible that a calcific 
deposit at the prosthetic ring might tear a suture and 
cause a peribasilar leak. 
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ABSTRACTS 


HOW STEROID THERAPY HAS CHANGED THE HEART OF SYSTEMIC 
LUPUS ERYTHEMATOSUS (SLE) 

Bernadine H. Bulkley, MD, William C. Roberts, MD, FACC, 
National Hedrt and Lung Institute, Bethesda, Md. 


The effect of steroid therapy on the cardiac disease of 
SLE has not been described. Study of 27 necropsy patients 
(pts) (avg. age 30 years; 24 females, 3 males; all with 
positive LE preps) with steroid-treated SLE disclosed left 
ventricular hypertrophy (LVH) in 19, moderate to severe 
increase in subepicardial fat in 27, fibrinous peri- 
carditis in 10, severe coronary arterial narrowing in 4 
(avg. age 43 years) and valvular lesions consistent with 
Libman-Sacks (L-S) endocarditis in 14. All 19 pts with 
LVH had systemic hypertension. All 10 pts with pericar- 
ditis had L-S endocarditis. Of 14 pts with L-S endocar- 
ditis, the mitral valve alone was involved in ll, both 
mitral and aortic in 2, and mitral, aortic and tricuspid 
in 1. The valvular lesions consisted of deposits of 
fibrin on leaflet surfaces, and focal leaflet fibrosis 
and necrosis. Proliferation of vascularized fibrous 
tissue (healing) occurred at the periphery of the active 
lesions in all 14 pts. The scarring led to variable 
thickening of valve tissue, and adherence of leaflet to 
underlying mural endocardium. In one pt scarring was 
responsible for severe mitral regurgitation and in 2 pts, 
aortic regurgitation. In contrast to valvular lesions 
described in pts with SLE in the presteroid era, our pts 
had smaller, fewer and less necrotic lesions, some of 
which were healed. With one exception our pts had only 
left sided valvular lesion, whereas all 4 valves were 
involved with equal frequency in pts with SLE in the pre- 
steroid era. The changed valve lesion may represent 
"healing" of atypical verrucous endocarditis. Steroids 
may "cure" the non-infective endocarditis of SLE in a 
manner analogous to the "cure" of infective endocarditis 
by antibiotics. 


THE DISTINCTIVE CARDIOVASCULAR LESION OF ANKYLOSING 
SPONDYLITIS (AS): A STUDY OF 8 NECROPSY PATIENTS (PTS) 
Bernadine H. Bulkley, MD, William C. Roberts, MD, FACC 
National Heart and Lung Institute, Bethesda, Md. 


Although aortic regurgitation (AR) has been described 
previously in pts with AS, the distinctive morphologic 
features of the cardiovascular lesion have not been 
defined. Eight pts with combined AS and AR were studied 
at necropsy. All were men (aged 34-55), all had severe 
congestive heart failure (CHF), and all had evidence of 
joint involvement consistent with AS. Six had conduction 
disturbances. All died at an avg. of 6 years after the 
onset of CHF. In at least 3 pts signs of valvular dys- 
function (murmur) antedated or coincided with the earliest 
arthritic symptoms. AS cardiac disease, forme fruste, was 
therefore present for years before the diagnosis of AS 
could be made. At necropsy, the hearts of all pts were 
big, the valve cusps were thickened and shortened, and the 
wall of aorta behind and immediately above the sinuses of 
Valsalva was thickened by dense adventitial scarring. The 
adventitial scarring extended below the base of the aortic 
valve cusps producing a subaortic fibrous ridge. This 
subaortic extension of scar is the distinctive cardiovas- 
cular lesion of AS. This lesion may be of diagnostic 
value as it may be seen on left ventricular angiography. 
The fibrous ridge does not occur in other conditions 
causing AR. The histologic abnormalities seen in aortic 
root in syphilis are identical to AS, including the 
intimal and medial changes. In comparison to AS, however, 
syphilis involves larger portions of aorta, and does not 
extend below the aortic valve. The extension of the 
aortic adventitial scarring below the aortic valve and 
into conduction tissue via the membranous septum accounts 
for the frequency of conduction disturbances in AS, and 
for the lack of them in syphilis and in the Marfan 
syndrome. 


LEFT VENTRICULAR ECHOCARDIOGRAMS AS A NON-INVASIVE 
FUNCTIONAL INDEX FOLLOWING ACUTE MYOCARDIAL INFARCTION 
Noel S. Cahill, MD; Jafar Al-Sadir, MD; Harold L. Brooks, 
MD; Leon Resnekov, MD, FACC, University of Chicago, 
Chicago, Illinois. 


LV echocardiograms were performed in 17 patients on Days 
l and 14 and monthly (up to 8 months) following acute 
myocardial infarction (AMI) of whom 10 were in NYHA 

Class I-11 (Gp.A), 5 were in Class III-IV (Gp.B), and 2 
died (Gp.C). The following LV parameters were obtained-- 
end diastolic volume (EDV), ejection fraction (EF) and 
endocardial posterior wall excursion (PWE), posterior 
wall mean velocity (PWV), and posterior wall maximal 
velocity (PWMV). A statistically significant difference 
between patients in groups A and B was found: 


| SE | Mean | SE 





The 2 patients who died (Gp.C} had an average EDV of 

249 ml, and the average EF was 0.37. No patient moved 
from one group to another during the study. It is con- 
cluded that following AMI, LV echocardiography provides 
reproducible values of EDV, EF, PWE, PWV, and PWMV which 
correlate well with the clinical status. These values 
are obtained easily and non-invasively to provide an 
on-going index of myocardial function in survivors 
following AMI. 


A SYNDROME OF CONGENITAL CARDIOMYOPATHY WITH MITRAL 
REGURGITATION, COMPLETE HEART BLOCK,AND ATRIAL ARRHYTHMIA 


David S. Cannom, MD; E. Wm. Hancock, MD,FACC, Cardiology 
Div., Stanford Univ. School of Med., Stanford, Calif. 


A distinctive syndrome of cardiomyopathy with mitral 
regurgitation, complete heart block and atrial arrhythmia 
has been noted in 4 patients, each male, aged 22-49 years, 
Each presented cardiac enlargement and varying degrees of 
left ventricular failure. None had Adams-Stokes attacks. 
Complete heart block had been known from infancy in one 
instance and from 12 years of age in another. Each had 
chronic atrial fibrillation or flutter, with a regular 
ventricular rhythm at 35-45/min with normal QRS duration. 
His bundle ECG in one instance indicated complete block 
in the A-V node. Hemodynamic studies showed dilatation 
and poor contractility of the left ventricle, consider- 
able mitral regurgitation, reduced resting cardiac out- 
put (mean 1.9 L/min/m2) , and elevated left ventricular 
end-diastolic and pulmonary artery wedge pressures. The 
clinical course in follow-up periods of up to 5 years has 
been one of relatively mild slowly progressive congestive 
heart failure. Mitral valve replacement and permanent 
pacemaker installation in one patient had no effect on 
the clinical course. The mitral valve was redundant and 
showed mucoid degenerative changes. This syndrome. 
appears to represent a form of congenital cardiomyopathy 
which involves degeneration of both the myocardium and 
the conduction system. Familial occurrence has not been 
recognized, 
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LONGTERM FOLLOWUP OF PATIENTS UNDERGOING SAPHENOUS VEIN 
BYPASS SURGERY — 


David S. Cannom, MD; Craig Miller, MD; Thomas J. Fogarty, 
MD; Pat 0. Daily, MD; Norman E. Shumway, MD and Donald C. 
Harrison, MD, FACC, Cardiology and Cardiovascular Surgery 
Divs., Stanford Univ. School of Med., Stanford, Calif. 


The results of the first 400 consecutive patients (pts) 
(338 males, 68 females; mean age 52 years) having saphe- 
nous vein-coronary artery graft surgery (SV-CABG) at 
Stanford between October 1968 and January 1972 were re- 
viewed. Through pt or physician contact, 100% followup 
was achieved in the 381 pts surviving surgery. The mean 
followup period was 9.9 months, with the range 2 to 40 
months. The operative mortality was 6.5%; pts having 
elective SV-CABG had a 1.5% mortality. The major cause 
of operative mortality was myocardial infarction (MI) 

(9 pts) and pump failure (10 pts). Predominant postopera- 
tive morbidity was pulmonary emboli (17 pts) and intra- 
thoracic hemorrhage requiring thoracotomy (11 pts). The 
use of anticoagulants early postoperatively has re- 
duced the incidence of pulmonary emboli. Angina was com- 
pletely relieved in 77% (296 pts), 237 of whom had re- 
turned to full-time employment. However, another 13% 

(50 pts) were either unchanged from their preoperative 
symptomatic state or incurred major late complications. 
This group includes 15 pts (3.9%) who had late deaths 
from cardiovascular causes. Another 23 pts had late, non- 
fatal MIs. Using as a data base the degree of preopera- 
tive congestive heart failure, the pt's sex, his NYHA 
classification, the extent of EKG changes and the pre- 
sence of angiographic left ventricular dysfunction or 
mitral regurgitation, a prognostic preoperative clinical 
risk-benefit guideline has been developed for use in any 
pt undergoing SV-CABG. 


inns OBSERVATIONS DURING IMPENDING MYOCARDIAL 
INFARCTION 


David S. Cannom, MD; John S. Schroeder, MD; Donald C, 
Harrison, MD, FACC, Cardiology Div., Stanford University, 
School of Medicine, Stanford, California 


Myocardial function was studied in 25 consecutive patients 
with impending myocardial infarction. The patients were 
monitored continuously for 48 hours with indwelling 
brachial artery (BA) and pulmonary artery (PA) catheters. 
After the monitoring period, coronary arteriography con- 
firmed severe (>70%) occlusive disease in each patient. 
When pain free, all patients except one had normal BA and 
PA pressures. A total of 57 resting spontaneous pain epi- 
sodes were observed. In 14 patients (49 pain episodes) a 
characteristic elevation occurred in BA pressure with each 
episode of rest angina; the mean increase was 46 mmHg sys- 
tolic and 29 mmHg diastolic for the group. Arterial pres- 
sure rose gradually 10-15 minutes before development of 
angina and appeared to precipitate it. Pressure elevations 
in the PA also occurred with pain in 7 patients with an 
average rise of 17 mmHg systolic and 10 mmHg diastolic 
pressure. We conclude that hemodynamic abnormalities are 
common in unstable rest angina with the arterial pressure 
changes often preceeding and apparently precipitating the 
angina. The frequently noted PA pressure changes reflect 
left venticular dysfunction associated with the anginal 
attack, although it is unclear whether this is a primary 
or a secondary event. The normal pressures noted during 
pain free periods contrast markedly with the abnormal 
hemodynamics of acute infarction. 


ABSTRACTS 


EMERGENCY MYOCARDIAL REVASCULARIZATION 

Chalit Cheanvechai, M.D.; Donald B. Effler, M.D., FACC; 
Floyd D. Loop, M.D.; Laurence K. Groves, M.D.; William C. 
Sheldon, M.D., FACC; Mehdi Razavi, M.D., Associate Fellow 
FACC; F. Mason Sones, Jr., M.D., FACC. Cleveland Clinic, 
Cleveland, Ohio 


From April 1968 to September 1972, 89 patients, ranging 
in age from 32 to 72 years, underwent emergency myo- 
cardial revascularization procedures at the Cleveland 
Clinic Hospital. Fifty-seven patients received aorto- 
coronary grafts during impending myocardial infarction 
and 32 patients received grafts during the early and 
late stages of acute myocardial infarction. All patients 
underwent coronary cine angiograms before operation. In 
the first 40 patients undergoing emergency myocardial 
revascularization procedures, 5 patients died in the 
postoperative period; there have been no deaths in the 
most recent 49 procedures. The overall mortality is 

5.6 percent. None of these patients had circulatory 
assistance before or after operation. 


Surviving patients are doing well and coronary angio- 
graphic studies were performed after the aorto-=coronary 
grafts in 27 patients. Of 47 vein grafts, 5 (10.6 per- 
cent) were occluded and only one patient had occlusion 
of the primary graft (graft to ischemic area). More 
patients are scheduled for recatheterization. 


From this experience, we firmly believe that patients 
with acute coronary insufficiency or impending myo- 
cardial infarction should undergo emergency coronary 
cine angiography and receive aorto-coronary grafts if 
the lesion is a correctable one. To prevent extension 
of the infarction, the grafts should be performed in 
the early stage of acute infarction. 


EVALUATION OF PERMANENT PACEMAKER THERAPY FOR SINOATRIAL 
DISTURBANCES 

Deenbandhu S. Chokshi, MD, Eugene Mascarenhas, MD, Philip 
Samet, MD, FACC, Mount Sinai Medical Center, Miami Beach, 
Florida 


Drug therapy of sinoatrial disturbances is often unsatis- 
factory. The purpose of this study is to evaluate the ef- 
fects of permanent pacing in 52 patients with sinoatrial 
disorders. These disorders fell into 4 categories: sinus 
bradycardia (27), sinoatrial block or arrest (10), brady- 
tachy-arrhythmia syndrome (11), and sinus bradycardia with 
ventricular tachyarrhythmia (4). The predominant symptoms 
were: syncope (15), dizziness (21), heart failure (12), 
and ventricular arrhythmias (4). The minimal followup was 
12 months for surviving patients. Forty-seven patients had 
a right ventricular pacer and 5 had coronary sinus pacers. 
In 2 of the latter 5 patients, the catheter was later 
passed to right ventricle because of failure of coronary 
sinus pacing. One patient died after 3 weeks because of 
uremia. Eleven other patients died of natural causes, 3 to 
38 months postpacer implant. Long term complications oc- 
curred in 9 patients: electrode displacement (coronary 
sinus 2, ventricle 1), proximal electrode fracture (1), 
raised threshold (l), perforation of right ventricle (2) 
and powerpack infection (2). Syncope or dizziness were 
abolished in most patients (33 of 36). Improvement of con- 
gestive heart failure with increase in effort tolerance 
was observed in 7 of 12 patients. Addition of pacing to 
drug regime effectively controlled recurrent ventricular 
arrhythmias in 3 of 4 patients. Supraventricular arrhyth- 
mias were controlled in 7 of 11 patients with antiarrhyth- 
mic drugs and pacing. On the basis of these data, we re- 
commend permanent ventricular pacing in selected patients 
with symptomatic sinoatrial disturbances. 
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ABSTRACTS 


ECHOCARDIOGRAPHIC FINDINGS IN TETRALOGY OF FALLOT 

Kyung J. Chung, MD; Navin C. Nanda, MD; James A. Manning, 
MD; Raymond Gramiak, MD, University of Rochester Medical 
Center, Rochester, New York. 


Seventeen patients with the catheterization and angiocar- 
diographic diagnosis of Tetralogy of Fallot were studied 
by ultrasound. In 15, discontinuity between the ventric- 
ular septum (VS) and anterior aortic margin with aortic 
overriding (AO) was clearly shown. Ultrasound evalua- 
tion of the degree of AO correlated well with angio- 
graphy. The mitral valve (MV) closed in a position deep 
to the posterior aortic margin in 7. This mitral-aortic 
discrepancy varied from 5 to 20 mm. in magnitude. This 
finding occurs also in double outlet right ventricle but 
the demonstration of AO in Tetralogy of Fallot identified 
this group. An unusual variation in MV motion during 
systole was present in 5 patients. The normal MV motion 
was replaced by flattening, sagging or gradual posterior 
excursion during systole. The width of the right ven- 
tricular outflow (RVO) tract was evaluated and expressed 
relative to the size of the left atrium (LA). In normal, 
this ratio is 1.5 (RVO/LA) while the Tetralogy patient 
suggests RVO narrowing (RVO/LA=0.9). The left ventricu- 
lar diameter compared favorably to the normal. Five 
patients were also evaluated after total repair and in 
all continuity could be shown between the VS and aortic 
wall. Echocardiography is a useful and non-invasive 
method to study some of the anatomical and functional 
aspects of Tetralogy of Fallot. 


GENETIC TRANSMISSION OF ASYMMETRIC SEPTAL HYPERTROPHY, 
THE CHARACTERISTIC ANATOMIC ABNORMALITY IN IHSS. Chester 
E. Clark, MD, Walter L. Henry, MD, Stephen E. Epstein, MD, 
National Heart and Lung Institute, Bethesda, Maryland 


IHSS is thought to occur as a familial abnormality in only 
25-35% of pts. Reliability of this estimate is uncertain, 
however, because of the previous lack of a sensitive and 
specific marker of the disease. We have shown echocardio- 
graphically that the characteristic anatomic abnormality 
in IHSS is asymmetric septal hypertrophy (ASH), in which 
the ventricular septum (VS) is disproportionately thick- 
ened compared to the posterior LV wall (PLVW). In all 
IHSS pts the mean VS:PLVW ratio was 1.7 + .05, while in 
50 normals it was 1.03 + .01. Using ASH as the disease 
marker, we studied 62 of a total of 98 first degree rela- 
tives of 20 pts catheterized at the NIH. Of these 20 index 
pts, 5 had ASH without LV outflow obstruction and 15 had 
ASH with obstruction (IHSS). The VS:PLVW ratio exceeded 
1.3 in all index cases. Of the 20 families, at least one 
affected relative was found in 17. In the remaining 3 
families we studied only 1, 2, and 3 members respectively. 
Of 62 first degree relatives 24 had ASH, giving a segre- 
gation ratio of .39 + .12 (95% confidence limits). If the 
20 index cases are included the segregation ratio is .54 
+ .11. There were 14 affected males and 10 females. In 
the 21 living affected relatives the mean VS:PLVW ratio 
was 1.6 + .03; 14 were asymptomatic, 9 had no heart mur- 
mur, and 17 had normal ECG's. Of 10 spouses examined, all 
were normal. We conclude that the characteristic anatomic 
abnormality in IHSS, i.e. ASH 1) is transmitted as a non- 
sex-linked autosomal dominant trait; 2) is often present 
without symptoms, physical findings or ECG abnormalities; 
3) is the anatomic marker for a disease spectrum in which 
obstruction may or may not be present; and 4) appears as 


typical obstructive ASH (IHSS) in less than half of 
affected individuals. 


ENHANCEMENT OF MYOCARDIAL CONTRACTILITY BY DILAT/ 
TION OF CORONARY COLLATERALS. Michael V. Cohen,M.D 
James M. Downey,Ph.D.,Per Eldh, M.D.,Charles W. Urschel, 
M.D.,Edmund H. Sonnenblick,M.D.,FACC, Edward S.Kirk, 
Ph.D.,Peter Bent Brigham Hospital, Boston, Massachusetts 
Nitroglycerin (TNG) causes a prolonged dilatation of coronar, 
collaterals. To show a functional significance of this dilatation 
we measured the effect of TNG on myocardial contractile force 
in 6 dogs 2-3 weeks after the left anterior descending artery 
(LAD) was embolized in the closed chest animal. Development of 
collaterals was documented with angiography. Via a left 
thoracotomy the main left coronary artery (LCA) and distal LAD 
were cannulated. Contractility was measured with strain gauges 
sutured to epicardial areas supplied by the left circumflex artery 
(LCf) and occluded LAD. Coronary perfusion pressure (CPP) was 
gradually decreased until the LAD gauge demonstrated decreased 
contractility while the LCf gauge was unaffected. The LCf-LAD 
gradient was 20-40 mmHg. 18ug TNG injected into the LCA with 
CPP constant increased LAD back pressure (LBP) 4-12mm Hg and 
myocardial contractility in the LAD region 41% (Range:20-90%), 
while having minimal effect in the LCf area. These changes per- 
sisted for 4 1/2 minutes. Adenosine (30g) had similar effects. 
When LCf and LAD areas were both ischemic intracoronary TNG 
had minimal effect on LBP and contractility. We conclude that 
TNG and adenosine cause prolonged dilatation of coronary 
collaterals with subsequent enhancement of myocardial contract- 
ility. This effect is seen only when ischemia is limited to an area 
supplied by the collaterals. When the whole heart is ischemic 
the collaterals are fully dilated and unresponsive to TNG. Thus, 
coronary collaterals appear to be responsive to metabolic changes 
in regions where they originate, and their control appears to be 
largely independent of the ischemic area. 


EFFECTS OF ANGIOGRAPHIC CONTRAST MEDIUM ON LEFT VENTRIC- 
ULAR FUNCTION IN CORONARY ARTERY DISEASE. COMPARISON 
WITH STATIC AND DYNAMIC EXERCISE. Peter F. Cohn, MD, Howard 
R. Horn,MD, Louis E. Teichholz,MD,Michael V. Herman, MD, 
FACC, and Richard Gorlin,MD,FACC; Peter Bent Brigham 
Hospital, Boston, Mass. 

In order to evaluate several types of cardiovascular 
stress tests adaptable to the cardiac catheterization 
laboratory, modified ventricular function curves (VFC)were 
constructed by plotting left ventricular (LV)stroke work 
index(SWI)against end-diastolic pressure (EDP) in 60 se- 
lected patients(pts)with chest pain syndromes. 30 pts 
were tested with angiographic contrast medium(ACM) only, 
and 30 with ACM plus static (handgrip)exercise(HGE) and 
dynamic leg exercise (DLE).All pts were studied by cardi- 
ac catheterization, coronary cinearteriography, and cine 
left ventriculography. Results are as follows: Following 
infusion of ACM,all 13 pts with normal coronary arterio- 
grams(NCA)and normal hemodynamics at rest had ascending 
VFCs (AA SWI/AEDP>0.1)and NCA =5. 2. By contrast,9 of 10 pts 
with obstructive coronary artery disease(CAD) and abnor- 
mal resting hemodynamics had flat or depressed VFCs 
A=-0.6),and 26 of 37 CAD pts with normal resting hemo- 
dynamics also had flat or depressed VFCs(A==-0.6).0f the 
30 pts studied with multiple stress tests, all 9 with 
NCA had ascending VFCs to the 3 types of stress (ACM=6.0 
HGEX=7.4, DLEX=8.9).The other 21 pts had CAD and normal 
resting hemodynamics. 15(71%)had flat or depressed VFCs 
after ACM(A==0.6),10(48%)after HGCE(=0.3) and 8(38%) af- 
ter DLE(.=1.4).No pt with a normal response to ACM had a 
depressed VFC during HGE or DLE, but the converse was not 
true.It is concluded that the combined hypervolemic and 
myocardial depressant effects of ACM serve as a conveni- 
ent and reliable intervention to elicit latent LV dys- 
function in CAD pts with normal resting hemodynamics. 
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THE EFFECTIVENESS OF PACEMAKER INSERTION (PI) IN MANAGE- 
MENT OF THE BRADYCARDIA-TACHYCARDIA SYNDROME (BTS) 

Cesar Conde, MD, Jeffrey Leppo, Janet Lipski, MD, Barry 
Stimmel, MD, Robert Litwak, MD, FACC, Ephraim Donoso, MD, 
FACC, Simon Dack, MD, FACC, The Mount Sinai School of 
Medicine of The City University of New York, N. Y. 

Thirty patients with the BTS admitted to The Mount 
Sinai Hospital were studied retrospectively. Their ages 
varied from 58-86 years with 50% being over 70. Present- 
ing symptoms included syncope or dizzyness in 19 (63%); 
palpitations with signs of congestive heart failure in 
three (10%) and congestive heart failure in one. Electro- 
cardiographic alterations revealed both bradycardia (B) 
and tachycardia (T) in all cases with rates under 40/min- 
ute in 23 (77%), and greater than 140/minute in 19 (63%). 
Multiple instances of arrhythmias were seen in all pa- 
tients: Sinus arrest eight, marked sinus arrhythmia ten, 
supraventricular tachycardia 20, atrial fibrillation or 
flutter 20, and ventricular tachycardia two. Associated 
conduction abnormalities existed in 24 cases and included 
first-degree heart block in six and bundle branch block 
in 12. 

Prior to admission eight (26%) had not received any 
therapy, 22 (73%) were on antiarrhythmic medications with- 
out a favorable response. A demand pacemaker was insert- 
ed in all patients with follow-up from 2-6 years in 26. 
After PI no episodes of B were recorded. Ten episodes of 
T recurred, necessitating hospitalization in two cases. 
The presence of a DP facilitated satisfactory control of 
the T with large doses of antiarrhythmic agents. Three 
pateints subsequently died of cancer, pulmonary embolism, 
and cardiac arrest, respectively. 

PI can satisfactorily prevent syncope and recurrence 
of arrhythmias in the majority of patients with BTS. 


UNSTABLE ANGINA: MORBIDITY AND MORTALITY IN FIFTY-SEVEN 
CONSECUTIVE PATIENTS EVALUATED ANGIOGRAPHICALLY. 

Richard Conti MD FACC; Robert Brawley MD; Bertram Pitt MD; 
and Richard Ross MD FACC.Johns Hopkins Univ. Baltimore ,Md. 


57 consecutive patients presenting with Unstable Angina 
(UA) or so called "preinfarction angina", were prospec- 
tively evaluated by clinical and angiographic studies. UA 
was defined as one or more attacks of ischemic cardiac 
pain at rest, associated with transient ST and/or T wave 
changes. All patients (pts) were admitted to a CCU. Pts 
who developed Q waves or an enzyme rise characteristic of 
myocardial infarction (MI) were excluded. 45 pts had sig- 
nificant obstruction in 2 or 3 vessels. Average LV ejec- 
tion fraction was 59% (13-83%). One pt died during angio- 
graphy and another died of an MI 1 1/2 hours after cathe- 
terization. 15 pts were treated medically, 10 of whom 
were potential operative candidates. There was one hospital 
death and one late death. The 13 survivors were followed 
for an average of 10 months (1-30); seven (53%) reported 
symptomatic improvement (two were pain free) and one had 
an uncomplicated MI six months after study. 40 pts had 
coronary bypass grafts in the unstable state. There were 
nine hospital deaths and no late deaths or known MIs in 
the 31 survivors of surgery, followed for an average of 
16.7 months (8-24). 29 of these pts (93%) reported marked 
symptomatic improvement (21 were pain free). Conclusions: 
(1)Surgery as well as medical management offers relief of 
symptoms in UA. (2)Medical mortality was 13% and morbidity 
(MI) was 7.6%. (3)Surgical mortality was 22% but 67% of 
survivors of surgery were pain free. (4)From these data it 
is not possible to identify either medical or surgical 
treatment as clearly superior for pts with UA. The ques- 
tion can only be answered by a random trial in which pts 
are identified by clinical and angiographic criteria, and 
then randomly assigned to medical and surgical groups. 


ABSTRACTS 


NINE YEAR EXPERIENCE WITH STARR-EDWARDS AORTIC VALVE 
REPLACEMENT 

G.K. Danielson, MD, H.A. Oxman, MD, D.C. Connolly, MD, 
FACC, R.B. Wallace, MD, J.R. Pluth, MD, D.C. McGoon, MD. 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 


One thousand twenty-seven patients had isolated aortic 
valve replacement (AVR) with a Starr-Edwards (SE) pros- 
thesis at the Mayo Clinic between January, 1963 and 
January, 1972. The average age was 52.7 years. Nine 
hundred thirty-two (91%) were in functional class 3 or 
4 preoperatively. Dominant aortic stenosis was the most 
common lesion in 507 (49%). Early mortality (within 30 
days of operation) was 6% (65/1027) for the entire nine 
years. The most frequent cause of early mortality was 
postoperative cardiac dysrhythmia in 28% (18/65). Of 

the 962 patients who survived the first 30 days, follow- 
up has been possible through at least July, 1972 in 954 
(99.1%) ranging from’ one month to 115 months for a mean 
of 50.9 months. Actuarial curves revealed 75% of the 
patients who survived the first 30 days were alive at 
five years with an improved functional status. The two 
most common causes of late death were sudden death in 
25% (63/256) and coronary disease in 17% (44/256). The 
overall incidence of late systemic thromboembolism by 
actuarial curves was 8% at one year, l7% at three years, 
and 20% at five years. Factors which were found to be 
most important in influencing early and late mortality 
and late systemic thromboembolism will be discussed in 
relationship to the type of dominant aortic lesion and 
the type of model SE prosthesis used. It has been found 
that there has not been a marked improvement in long 
term survivorship between the individual SE model types 
but there has been a dramatic reduction in the incidence 
of late systemic thromboembolism with the use of the 
newer SE models (1260-2310). 


ECHOCARDIOGRAPHIC FINDINGS IN DISCRETE SUBAORTIC STENOSIS 
Richard H. Davis, MD; Lee L. Konecke, MD; James C. Dillon 
MD; Sonia Chang, AB; Harvey Feigenbaum, MD, FACC, Indiana 
University School of Medicine, Indianapolis, Indiana 


The echocardiographic manifestations of discrete mem- 
branous subaortic stenosis are described in three cases. 
The diagnosis was confirmed by cardiac catheterization 
in all and at surgery in two of the cases. The charac- 
teristic finding in these patients was abnormal movement 
of the aortic valve leaflets. The leaflets opened 
rapidly with the onset of systole, then exhibited abrupt 
premature closure shortly after ventricular ejection. 
The valve remained partially closed throughout the 
remainder of systole. The premature closure occurred .06 
to .08 sec after aortic opening. Initial leaflet opening 
was 1.0, 2.0, and 2.2 cm. Maximal opening after the 
premature closure of the valve was .4, .8 and .9 cm, 
respectively. This premature aortic leaflet closure is 
felt to be caused by the obstruction to aortic valve 
flow produced by the band-like fibrous subaortic tissue, 
The valve leaflets also exhibited a gross fluttering 
motion possibly caused by a jet stream effect of the 
turbulent blood hitting the leaflets. In the two sur- 
gical cases postoperative echograms continued to show 
premature leaflet closure but the amount of closure 

was decreased. No cases had the characteristic systolic 
anterior bulge of the mitral valve seen with muscular 
Subaortic stenosis or IHSS. Thus far the echocardiogra- 
phic findings of premature closure of the aortic valve 
early in systole, persistent valve closure throughout 
the remainder of systole, fluttering of the leaflets, 
and no mitral valve findings of IHSS have been specific 
for discrete subaortic stenosis. 
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ABSTRACTS 


MORTALITY OF CORONARY ARTERY BYPASS AFTER PREVIOUS 
MYOCARDIAL INFARCTION 

John T. Dawson, MD; Robert J. Hall, MD, FACC; Grady L. 
Hallman, MD, FACC; Denton A. Cooley, MD, FACC, The Texas 
Heart Institute, Houston, Texas 


From October 1969 through March 1972, 1105 patients (pts) 
had coronary artery bypass (CAB) alone (with or without 
endarterectomy) at the Texas Heart Institute. Analysis 
of preoperative data has revealed key factors which in- 
crease the mortality of this procedure. Increased ages, 
female sex, higher coronary artery scores (Friesinger and 
Ross), the need for endarterectomy, higher LVED pres- 
Sures, higher functional classifications and higher inci- 
dences of LV dysfunction and congestive heart failure 
have been related to higher mortality rates. 

The presence of a previous myocardial infarction (MI) and 
its time relationship to CAB also have a significant 
effect upon early operative mortality (EM)--30 days. The 
overall EM of this series was 6.6% (73/1105). Pts with- 
out history of MI and no evidence of MI on ECG preopera- 
tively had a 3.9% EM (9/228). Pts who experienced MI 
earlier than 2 months before surgery had a 6.0% EM; and 
pts with recent MI (2 months or less) prior to surgery, 
17.9% (17/95). Further analysis of the pts with recent 
MI reveals: 


Interval Prior to Surgery (CAB Mortalit 

Within 24 hours* 80.0% (4*/5) 
2 to 7 days 38. 4% (5/4 3)450% (9/18) 
8 to 30 days 13.4% (6/45) 


31 to 60 days 6.3% (2/32) 


These data suggest that CAB should not be performed with- 
in 1 week after MI because of high EM--50% (9/18), but 
can be done after the first 30 days with no significant 


increase in mortality. 
*Including T patient within 2 hours of infarction. 


THE EFFECTS OF CYCLE LENGTH ON REFRACTORY PERIODS IN MAN 
Pablo Denes, MD; Ramesh Dhingra, MD; Kenneth Rosen, MD, 
FACC. University of Illinois, Chicago, Illinois 


The effects of cycle length (CL) on effective and 
functional refractory periods (ERP and FRP) were studied 
in 17 patients (pts). Atrial (A), A-V nodal (AVN), and 
right bundle branch (RBB) refractory periods were measured 
using the atrial extrastimulus technique and His bundle 
recording, Several CL were studied in each pt and the 
results analyzed at CL ranges of 1250-700 msec (CL)), 
699-500 msec (CL2) and 499-300 msec (CL). AERP was mea- 
sured in 16 pts, The range and mean AERP (msec) were: 
230-380, 290 at CL}, 185-390, 255 at CL? and 180-290, 218 
at CL3. Decrease im AERP occurred in 60% of pts with a 
mean AERP of 312 msec at CL]; mean AERP in the remaining 
40% was 258 msec at CL]. AVN ERP (msec), could be mea- 
sured in Il pts and ranged from: 270-440, 36T at CL); 
250-480, 339 at CL and 220-390, 286 at CL3. However, in 
5 of the 1] pts, AVN ERP increased with decreasing CL; 
three of them had an A-H >150 msec at CL}. AVN FRP (msec) 
was measured in all patients and ranged from: 300-530, 
432 at CL), 300-530, 2G at CL? and 240-430, 35T at CL3. 
Six of them had either no change of an increasing FRP 
with decreasing CL with four having A-H >150 msec at CL). 
In contrast, the remaining 11 pts had decreasing AVN FRP 
and A-H <150 msec, RBB ERP (msec) could be measured in 
8 pts, and ranged from 430-540, 483 at CL], 350-410, 388 
at CL2, and 290-360, 320 at CL3, decreasing in all. 

In conclusion, AERP shortens with decreasing CL. How- 
ever, this effect may not be seen if AERP is initially 
short, AVN ERP and FRP reflect both CL and A-V nodal 
conduction time (A-H interval). Decrease of CL tends to 
decrease and prolongation of A-H tends to increase both 
ERP and FRP, RBB ERP shortened with decreasing CL as 
expected, 


ECHOCARDIOGRAPHIC MANIFESTATIONS OF VALVULAR VEGETATIONS 
James C, Dillon, MD; Lee L. Konecke, MD; Richard H. 

Davis, MD; Sonia Chang, AB; Harvey Feigenbaum, MD, FACC, 
Indiana University School of Medicine, Indianapolis, Ind, 


In order to see whether echocardiography could detect 
valvular vegetations, echocardiograms of the aortic and 
mitral valves were obtained on eight patients with either 
Surgery or autopsy proven valvular vegetations secondary 
to bacterial endocarditis, Four of these patients had 
bacteriologically proven bacterial endocarditis, The 
four remaining patients had a clinical course compatible 
with bacterial endocarditis and had received prior anti- 
biotic therapy. Five patients had vegetations on the 
aortic valve, Three patients had vegetations on the 
mitral valve, Among these three patients the vegetations 
were on the anterior mitral leaflet in one, the posterior 
mitral leaflet in one, and on both mitral leaflets in the 
third patient. The vegetations varied from 2 to 8 mm in 
size, The echocardiographic manifestations of aortic or 
mitral valve vegetations consisted of finding a very 
dense band of echoes on a pliable, normally moving valve, 
This dense band of echoes was usually shaggy and was not 
uniform throughout systole and diastole, These echo- 
cardiographic findings differed from those of a fibrotic 
or calcified valve in that valve motion remained un- 
restricted, In each patient the location of the echo- 
cardiographic abnormality corresponded to the site of 

the vegetations at autopsy or surgery, Whether or not 
these echocardiographic findings are specific for 
vegetations remains to be proven, However in five of 

our eight patients the echocardiographic diagnosis was 
made prospective to either surgery or autopsy. These 
findings suggest that echocardiography may play a useful 
role in elucidating the pathological anatomy of bacterial 
endocarditis with vegetations, 


ECHOCARDIOGRAPHIC MANIFESTATIONS OF TRANSPOSITION OF THE 
GREAT VESSELS 

James C. Dillon, MD; Lee L. Konecke, MD; Jergen Keutel, 
MD; Roger A. Hurwitz, MD, FACC; Richard H. Davis, MD; 
Sonia Chang, BA; Harvey Feigenbaum, MD, FACC, Indiana 
University School of Medicine, Indianapolis, Indiana 


Transposition of the great vessels (TGV) is an important 
diagnostic problem especially in the cyanotic infant. 
Echocardiograms, utilizing a 3.5 megaHz, 1/4 in. 
diameter, non-focused transducer and a strip chart 
recorder, were obtained on 14 patients with catheteriza- 
tion proven TGV. The patients ranged in age from 5 

days to 14 years. The mean age was 4.4 years. Six 
patients were under the age of 1 year and 3 patients 
were less than 1 week old. The echocardiographic find- 
ings were compared with those from 60 normal children 
and from 74 children with catheterization proven conge- 
nital heart disease and no TGV. In all 14 patients with 
TGV the echocardiogram of the base of the heart revealed 
two large great vessels lying on top of each other with- 
out an intervening crista. In 13 of the 14 patients the 
semilunar valves were recorded simultaneously. In the 
other patient there was super-imposition of the great 
vessels, but the semilunar valves could not be identi- 
fied. Super-imposition of the great arteries without 
intervening crista and with or without simultaneous 
recording of the semilunar valves were not seen in the 
normals or in the other children with congenital heart 
disease. The super-imposition of the great vessels is 
thought to be due to the untwisting of the great vessels 
which occurs in TGV. The simultaneous recording of the 
semilunar valves is probably due to the abnormal location 
of these valves. These echocardiographic findings seem 
to be specific for TGV. 
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ELECTROPHYSIOLOGICAL AND CLINICAL EFFECTS OF 
A NEW ANTIARRHYTHMIC AGENT: DISOPYRAMIDE 
Leonard S. Dreifus, M.D., FACC, Zbigniew 
Filip, M.D., Darryl M. Sexton, B.S., Yoshio 
Watanabe, M.D., FACC, Hahnemann Medical 
College, Philadelphia, Pa. 


Electrophysiological studies utilizing ultra- 
micro electrodes in perfused rabbit hearts 
demonstrated a significant increase in action 
potential duration (Tap) from 121.9* to 159.4 
30.3, msec. with a significant decrease in the 
maximum rate of depolarization (MRD) from 
99.6t 3.7 to 47.34 V/sec, with no change in 
height of the action potential or membrane 
resting potential. A-V conduction increased 
from 78+ 12 to 114¢ 30 msec. These membrane 
effects are similar to quinidine and pre- 
dicated a clinical study in 16 patients 
utilizing 10 hour ECG tape recordings with 
histographic analysis of premature ventricular 
systoles (PVS) and atrial fibrillation (AF). 
Disopyramide was successful in reducing the 
incidence of VPS by 80 per cent in 9 of 13 
patients and converting AF in the 3 other 
patients. Disopyramide appears to have 
similar membrane action and is effective in 
the presence of arrhythmias usually managed by 
quinidine. However, the anticholinergic 
effects of disopyramide may prevent sinus 
bradycardia usually associated with quinidine 
administration. 


TOTAL SYSTEMS APPROACH FOR COMPUTER ELECTRO- 
CARDIOGRAPHY 

Leonard S. Dreifus, M.D., FACC; Yoshio 
Watanabe, M.D., FACC; Martin Reich, B.S.; 
Robert Chang, B.S. and Kathleen Morris, 
Hahnemann Medical College, Philadelphia, Pa. 


An automated electrocardiographic system for 
multiple hospital data acquistion, on-line 
interpretation and interactive terminals has 
been developed. Disc storage of 8,000 
electrocardiograms permit comparison of most 
recent records within a 3 week period. Validity 
of the June 1972 program update on 4019 
electrocardiograms included 539 (13.4%) normal 
curves. An intergrated 12 and Frank 3 lead 
system identified 129 of 149 instances of left 
bundle branch block (LBBB) with false negative 
(FN) 14 and false positive (FP) 6, all 114 of 
right bundle branch block (RBBB) were detected, 
719 of 770 cases of anterior wall infarction 
FN (29), FP (22), 532 of 583 instances of 
inferior wall infarction FN (32), FP (19),1105 
of 1140 instances of anterior wall ischemia, 
FN (23), FP 12, and 504 of 517 instances of 
inferior wall ischemia; FN (8), FP (5). Of the 
3273 abnormalities in this group, 3109 were 
correctly identified (95%). The 12 and 3 lead 
systems alone were equally accurate only for 
RBBB and LBBB, but intergrated criteria were 
required in all other contour abnormalities. 
It is concluded that a clinically useful 
electrocardiographic computer system must 
utilize an on-line, interactive, hybrid 3 and 
12 lead identification program with disc 
access for comparison of previous records. 


ABSTRACTS 


HEMODYNAMIC CHANGES AFTER MUSTARDS OPERATION FOR 
TRANSPOSITION OF THE GREAT ARTERIES 


Galal El-Said, MD, FACC, Charles E. Mullins, MD, Michael 
R. Nihill, MD, Grady L. Hallman, MD, FACC, Denton A. 
Cooley, MD, FACC, and Dan G. McNamara, MD, FACC, Baylor 
College of Medicine, Houston, Texas 


The hemodynamic and angiocardiographic changes 1 month to 
6 years after intra-atrial repair for transposition of 
the great arteries are reported in 18 patients. Resection 
of subpulmonary stenosis was also performed for 4 pa- 
tients, pulmonary valvotomy for 2, closure of ventricular 
septal defect for 5, closure of systemic-pulmonary artery 
shunt for 2, and pulmonary artery debanding for 1 patient. 
The oxygen saturations and pressures increased signifi- 
cantly in the systemic circulation and decreased signifi- 
cantly in the pulmonary circulation. In one patient the 
preoperative pressure gradient between the left ventricle 
and pulmonary artery was abolished by the Mustard opera- 
tion alone. Complications related directly to the Mustard 
operation included varying degrees of superior vena cava- 
new right atrial junctional obstruction in 7 patients, 
and mild to moderate tricuspid insufficiency in 7 pa- 
tients. No pulmonary venous obstruction was noted. Right 
ventricular cineangiograms performed in 14 patients de- 
monstrated increased trabeculation in all patients and 
poor contractility in 6 patients (2 generalized and 4 
localized). One of the patients with poor contractility 
postoperatively had generalized poor contractility to a 
lesser degree preoperatively. Patch detachment occurred 
in three patients, one of whom developed pulmonary 
hypertension. Although the Mustard procedure is a 
technically successful operation it may be followed by 
significant hemodynamic sequalae. 


THE USE OF DIGITALIS IN THE "SICK SINUS SYNDROME" 
Toby R. Engel, MD, and Stephen F. Schaal, MD., 
Ohio State University College of Medicine, Columbus, Ohio 


Numerous authors have warned against the use of digitalis 
in the "sick sinus syndrome" (SSS). The effects of 
digitalis in patients with sinoatrial dysfunction was 
studied, Atrial pacing studies with His bundle re- 
cordings were performed in 14 patients with sinus 
bradycardia, syncope, or related symptoms. None had 
significant AV conduction abnormalities. Twelve had 
prolonged sinoatrial recovery times (SART) and 9 pro- 
longed SART corrected for heart rate (CRT). SART 

was defined as the time from the last paced P wave 

to the next spontaneous P or junctional beat. Measure- 
ments were repeated after 0.01 mg/kg ouabain (OUA), 
followed in some by 0.8-1 mg atropine (ATR). A minimal 
change in AV conduction was noted in all but 1 

patient after OUA. OUA caused a shortening of SART 

(mean -244 msec, + 80, p€0.01) and CRT (mean -435 msec, 
+ 129, p 40.005). OUA produced a minimal change in 
heart rate (mean -2.2, + 1.5, p?0.1). No patient 
developed significant AV conduction abnormalities or 
other arrhythmias after OUA. ATR caused normalization 
of SART and CRT in most patients. The response to ATR 
suggests that the vagal effects of digitalis are not 
seen because of the high degree of vagal influence often 
present in SSS. This study demonstrates that 

digitalis causes an increase in automaticity in SSS as 
reflected by a shortened SART and CRT. In most in- 
stances digitalis may be used for CHF or tachyarrhythmias 
when clinically indicated in the absence of AV conduction 
disease, 
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ABSTRACTS 


LEFT VENTRICULAR ANFURYSM WITHOUT CORONARY -ARTERY 
OBSTRUCTION OR OCCLUSION 

Paolo Esente, MD; Goffredo C., Gensini, MD; Peter P. 
Huntington, MD; Ann E. Kelly, MS; Msgr.Toomey Cardiovas- 
cular Laboratory, St. Joseph's Hospital, Syracuse, N.Y. 


The most common cause of left ventricular aneurysm, (LVA) 
is severe obstruction or occlusion of a major coronary 
artery (CAO). In the last 1599 patients studied in our 
laboratory with selective cine coronary arteriography 
(SCA) and left ventriculography (LV), we found 8 patients 
(average h0 yrs; 5M 3F), with unauestionable evidence of 
LVA and no or minimal CAO. ‘Two hypotheses should be con- 
sidered: (1) That these LVA's were caused by reasons 
other than CAO, or (2) that CAO occurred at one time but 
was no longer present at the moment of study, 

The first hypothesis could be ruled out in 7 of 8 
patients, because of the absence of any history of trauma 
or of any signs consistent with other possible causative 
factors. The second hypothesis instead is supported by 
the history of previous MI and classical “CG changes 
present in 7 of the 8 patients and by serial studies made 
in one. In this young man with a large apical LVA, a 
single CAO of the anterior descending regressed after 10 
yrs to¢ 59% lumen reduction, Apparently in some patients 
CAO occurs at one point in time, leading to the develop- 
ment of LVA, Later, a complete or partial regression of 
CAO ensues, leaving a normal or a minimally compromised 
vascular lumen, 

CAO must be regarded as a dynamic phenomenon with an 
unpredictable future and an uncertain past. SCA defines 
the extent and severity of CAO at the time of procedure. 
Predictions based on one SCA are valid from a statistical 
viewpoint on large patient populations but cannot be 
utilized to foretell the future of the atherosclerotic 
plaque or, for that matter, to construct the temporal 
sequence of past events in any one case, 


NEW Q WAVES AFTER CORONARY ARTERY BYPASS FOR ANGINA 
PECTORIS 

Jaime Espinoza, MD, Janet Lipski, MD, Robert Litwak, MD, 
FACC, Ephraim Donoso, MD, FACC, Simon Dack, MD, FACC 

The Mount Sinai School of Medicine of the City University 
of New York, New York 

Pre-op and post-op electrocardiograms (ECGs) of 4h pa- 
tients (pts) with angina pectoris who underwent coronary 
artery bypass (CAB) were evaluated. Two groups were 
identified. Group A (GA) consisted of 37 pts with single 
or multiple CAB. Group B (GB) was composed of 7 pts with 
single or multiple CAB with valvular replacement in 4, 
ard ventricular resection in 3. 

In GA pre-op ECGs showed abnormal Q waves in 14/37 
and in GB 3/7. Following CAB in GA new Q waves (NQW) ap- 
peared in 11/37 (29.7%) including 1/9 (11.1%) with 1 ves- 
sel disease (VD), 7/20 (35%) with 2VD and 3/8 (37.5%) 
with 3VD. In GB none developed NQW but intraventricular 
conduction abnormalities (IVCA) appeared after CAB in 3/7 
while in GA only 4/37 had new IVCA. LVEDP in GA was nor- 
mal in 23/32; NQW appeared after CAB in 6/23. LVEDP was 
elevated from 13 to 33 mmHg in 9/32; NQW were disclosed 
in 3/9. In GB LVEDP was normal in 2/6 and from 13 to 23 
mmHg in 4/6. None developed NQW. In GA 9/37 had 1CAB, 
2/9 developed NQW (22.2%); 21/37 had 2CAB, 5/21 disclosed 
NQW (23.8%); 6/37 had 3CAB, 4/6 showed NQW (66.6%); 1/37 
had 4CAB with no NQW following surgery. In GB 3/7 had 
1CAB, 2/7 2CAB and 2/7 3CAB, none developed NQW. 

There was no correlation between NQW and LVEDP. The 
incidence of NQW was higher in patients who had 2 or 3VD 
as well as in those who had 3CAB. The nature and origin 
of the Q waves are unknown and requires further investi- 
gation. 


RELATION OF ALCOHOLIC CARDIAC CONDUCTION ABNORMALITIES TO 
DURATION OF ALCOHOLISM 

Philip 0. Ettinger, MD, FACC, Timothy J. Regan, MD, 
Mohammad I. Khan, MD, Michael Lyons, MD, College of Medi- 
cine and Dentistry of New Jersey, Newark, New Jersey. 


Although the pathogenesis of alcoholic heart disease has 
been obscured when associated with malnutrition, myocar- 
dial function has been shown to be impaired even in the 
well-nourished, chronic alcoholic animal. To assess the 
effect of duration of alcoholism upon cardiac conduction, 
well-nourished male mongrel dogs with normal plasma 
vitamins, proteins and hematocrits were fed 36% of calo- 
ries as ethanol for 7-33 months. His and left bundle 
branch electrograms and high speed, high frequency EKG's 
were recorded in ten dogs, sequentially in some. Prolon- 
gation of H-Q time was observed in five animals maintain- 
ed for more than one year (35+3 msec, normals 26+1 msec, 
P<Q.001) with QRS widening (80+5 msec, normals 62+2 msec, 
P<0.01) in this group and occurred without significant 
ventricular hypertrophy. These changes were less in five 
animals after shorter ingestion periods or incomplete 
consumption. No abnormalities of atrial conduction were 
evident. The morphologic correlates included significant 
accumulation of mucopolysaccharide-like material in the 
interstitium evident on light microscopy (Alcian blue 
stain) and dilatation of sarcoplasmic reticulum on elec- 
tron microscopy. These abnormalities are suggestively 
related to the altered conduction. Several chronic 
animals died suddenly and unexpectedly, Suggesting a 
possible relationship to conduction abnormalities and 
arrhythmias. Thus, prolonged intake of ethanol was pro- 
gressively toxic to the cardiac conduction system, 
resulting in histopathologic alterations and ventricular 
conduction abnormalities despite normal nutritional 
state. 


LEFT VENTRICULAR FUNCTION CURVES AND EJECTION FRACTION IN 
POST-MYOCARDIAL INFARCTION PATIENTS 

Bolling J. Feild, MD; Richard 0. Russell, Jr., MD, FACC; 
McKamy Smith, MD, PhD; Charles E. Rackley, MD, FACC; 
University of Alabama, Birmingham, Alabama. 


Left ventricular (LV) function has classically been des- 
cribed in terms of "ventricular function curves" (VFC). 
Recently the ejection fraction (EF) has been proposed and 
used as an index of LV function. In the present study 
the relation of these two expressions of LV function was 
investigated. The subjects were 15 consecutively studied 
post-myocardial infarction patients (pts) having cardiac 
catheterization with both quantitative biplane angiocar- 
diography (6 or 12 frames/sec) and dextran infusion (DI). 
Thirty to 45 minutes after ventriculography, 200-600 cc of 
dextran was rapidly infused into the central venous cir- 
culation. Cardiac output (by green dye method) and LV fil- 
ling pressure (P) (LV end-diastolic pressure - 13 pts; 
pulmonary artery end-diastolic pressure - 2 pts) were mea- 
sured immediately prior to DI and after 200 ml increments. 
Stroke index (SI) and P were related to construct VCF. In 
general, any pt with high P following angiography did not 
have DI. However, 2 pts had baseline P > 18 mmHg with EF 
of 0.44 and 0.39; VFC were flat. The remaining 13 pts 
had baseline P of < 16 mmHg. EF was > 0.50 for 3 pts; 
VFC were steep with > 40% maximum increase in SI. EF was 
< 0.30 for 3 pts; VFC were flat with < 10% increase in SI. 
EF was between 0.30-0.49 in 7 pts; one had a flat curve, 
6 had moderately depressed curves with SI increasing be- 
tween 18 and 36% (mean 31). Each VFC (for pts with base- 
line P < 16 mmHg) was described as a parabola in order to 
make objective comparisons. VFC described as a parabola 
correlated with EF with r = 0.74. Thus, in post-myocar- 
dial infarction pts having baseline P of < 16 mmHg, the 
VFC reflected the level of ventricular performance as 
described by the EF. 
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PERMANENT TRANSVENOUS ATRIO-VENTRICUL AR 
SEQUENTIAL DEMAND (BIFOCAL) PACING IN ATRIAL 
BRADYCARDIAS AND "SICK SINUS SYNDROME" 

Josh Fields, MD; Barouh V. Berkovits, EE; Jack Matloff, MD, 
FACC; Cedars-Sinai Medical Center, Los Angeles, California 


Permanent reliable atrial demand pacing with insured ventricular 
sequential activation could be most advantageous in treating 
atrial and ventricular bradycardias with and without A-V disso- 
ciation. 48 patients with intermittent and chronic atrial ar- 
rhythmias of atrial bradycardia or brady-tachycardias, both with 
and without A-V dissociation, were studied and treated by per- 
manent implantation of this new 2 catheter pacemaker for up to 
3 years. In 20 patients with sinus bradycardia and arrests with 
(14) and without (6) A-V block, atrial stimulation reliably in- 
creased the heart rate, eliminated the arrests, and in 6 of 8 
patients significantly diminished congestive heart failure by aug- 
mented cardiac output in restoring the atrial contribution; 2 of 
these previously treated by ventricular demand pacing alone 
were now relieved of their heart failure. In 26 of the 48 patients 
with atrial brady-tachyarrhythmias ("sick sinus syndrome"), with 
(7) and without (19) A-V block, the heart rate was stabilized 
both by raising the slow rate to normal and also suppressing, 

then eliminating the tachycardia phases. The tachycardias 
required several months of combined pacer and cardio-suppres~ 
sant drug therapy, but could be weaned from drugs and main- 
tained on pacer therapy alone after 3 months. This mechanism 

is not fully understood. Only 4 patients have required continued 
minimal Analai help. The atrial demand-like function of 
this pacer obviated significant competitive arrhythmias. The 
transvenous "J" shaped stimulating atrial catheter has remained 
stable and reliable with rare displacement. The pacemaker has 
fulfilled its capabilities and has functioned well for up to 18 - 
24 months. 


MEAN VELOCITY OF CIRCUMFERENTIAL FIBER SHORTENING IN 
INFANTS AND CHILDREN 

Elizabeth A. Fisher, MD; Ira W. DuBrow, MD; and 
Alois R Hastreiter, MD, FACC, University of Illinois 
Hospital, Chicago, Ill. 


A simplified angiographic method of estimation of left 
ventricular (LV) contractility was applied in 146 infants 
and children. Eighty-three had normal left hearts; 14, 
left-to-right atrial shunts; 27, LV volume overload, 14, 
LV pressure overload; and 8, myocardial disease, Mean 
velocity of circumferential fiber shortening (mVcf) in 
circumferences/sec was measured as the ratio of the change 
in LV circumference from end-diastole to end-systole di- 
vided by the ejection time to the LV circumference at 
end-diastole. A highly significant correlation of mVcf 
with R-R interval and with age was found (p<.001). Re- 
sults were as follows: normal LV, mean mVcf 1.84 + .63; 
left-to-right atrial shunts, 1.6] + .30; LV volume over- 
load, 1.48 + .40; LV pressure overload, 1.63 + .36; and 
myocardial disease, 0.72 + .60. The third and fifth 
groups were significantly lower than normal (p<.01). 
Preliminary results agree with those previously publish- 
ed by others utilizing this method in adults, as well as 
with results of other more complex methods of estimation 
of LV contractility as applied to children. Since deter- 
mination of mVcf is done utilizing standard single plane 
angiocardiograms and requires no additional manipulation 
or time during the diagnostic cardiac catheterization, it 
may prove to be especially valuable in infants and chil- 
dren. 


ABSTRACTS 


RIGHT VENTRICULAR VOLUME DETERMINATION IN INFANTS AND. 
CHILDREN 

Elizabeth A. Fisher, MD; Ira W. DuBrow, MD; and 

Alois R. Hastreiter, MD, FACC, University of I?linois 
Hospital, Chicago, Ill. 


Right ventricular (RV) volume determination from cine- 
angiograms has lagged behind determination of left ven- 
tricular (LV) and left atrial volume because of the 
unusual shape of the RV. By the use of plastic models of 
dog RV's a mathematical formula for RV volume determina- 
tion from bi-plane cineangiograms has been devised and 
tested, assuming the RV to be a pyramid with rectangular 
base, This angiographic method was then applied to 57 
infants and children undergoing diagnostic cardiac 
catheterization. Standard methods were used to determine 
LV volume for comparison. Results for normal RV (28 
cases) were as follows: end-diastolic volume per meter 
(EDV/m2), 69.22 + 12.87 ml.; end-systolic volume/m 
(ESV/m2), 26.83 + 7.34 mg.; stroke index (S1) 42.38 + 
8.99; and ejection fraction, 0.61 + 0.07. For normal LV 
(51 cases) results were: EDV/m2, 65.51 + 15.19; ESV/m2, 
22.36 + 9.83; SI, 43.50 + 8.71; and EF, 0.67 + 0.09. In 
patients with no shunts, RV and LV stroke volumes (SV) 
matched well. Mean RV SV was 34.13 + 22.39 ml.; mean LV 
SV was 37.54 + 25.47; r = 0.92. This method provides an 
accurate assessment of RV volume which can be of great 
value in studying infants and children with congenital ` 
heart disease. 


ARTERIAL PRESSURE AS A DETERMINANT OF LEFT 
VENTRICULAR FILLING PRESSURE AFTER ACUTE 
MYOCARDIAL INFARCTION 

Joseph A. Franciosa, MD; Nabil H. Guiha, MD; Constantinos 
J. Limas, MD; Sergio Paz, MD; Jay N. Cohn, MD, FACC, 
V.A. Hospital and Georgetown University, Washington, D.C. 
Left ventricular filling pressure (LVFP) has been used as a 
clinical guide to left ventricular function in patients with acute 
myocardial infarction (AMI). However, the contribution of 
spontaneous or induced changes in arterial pressure on LVFP 
has not been emphasized. LVFP was monitored simultaneously 
with arterial pressure during the first 5 days after AMI. In 14 
patients receiving conventional therapy a progressive fall in 
LVFP was accompanied by a corresponding reduction in mean 
arterial pressure (MAP): Day 1, LVFP 22.7 mm Hg, MAP 
120.4 mm Hg; day 3, LVFP 16.4 mm Hg, MAP 102.3 mm Hg; 
day 5, LVFP 12.1 mm Hg, MAP 85.8 mm Hg. In 25 patients 
arterial pressure was reduced acutely on day 1 by infusion of 
sodium nitroprusside from an average MAP of 105. 0 to 90.1 
mm Hg. LVFP fell from 24.8 to 14.0 mm Hg and returned 
immediately to control levels when the infusion was stopped. 
Fluctuations in MAP on any given day occurring spontaneously 
or induced by isometric exercise or sublingual nitroglycerine 
were accompanied by similar changes in LVFP. These data 
indicate that a change in MAP may be the most important 
determinant of a change in LVFP during the first 5 days after 
AMI. Since a high LVFP may decrease subendocardial per- 
fusion and increase myocardial oxygen consumption, and since 
a fall in MAP is consistently noted in the first few days of 
hospitalization after AMI, pharmacological reduction of MAP 
may be rational management of the early phase of AMI. 
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CRITICAL PULMONARY STENOSIS WITH A DIMINUTIVE RIGHT 
VENTRIGLE IN NEONATES, 

Michael Freed, M.D., William Bernhard, M.D., Alexander 
Nadas, M.D., The Children's Hospital Medical Center, 
Boston, Massachusetts. 


Severe valvar pulmonary stenosis (PS) is an important 
and potentially curable cause of cyanosis in the neonate. 
While reviews of older infants with PS have been pub- 
lished, little is known about the fate of neonates with 
hypoplasia of the right ventricle (RV). 

Twelve of 17 neonates seen since 1964 with critical 
PS have had hypoplasia of the RV on the basis of a small 
ventricular cavity on angiogram and the absence of the 
usual RV predominance on ECG (R/S ratio of <1 in V] and 
> l in V6. All presented in the first week of life with 
a murmur and cyanosis. Although all but one had cardio- 
megaly, congestive failure (CF) was not prominent. On 
ECG all had right atrial hypertrophy and a QRS axis of 30 
to 100 degrees. All were hypoxemic at catheterization 
(mean arterial saturation 69%) and had RV hypertension. 

All 12 had surgery soon after catheterization. Ele- 
ven had valvulotomies (7 transventricular and 4 transpul- 
monary). One died 3% years after a Waterston anastomosis 
performed early in the series in the probably erroneous 
belief that the hypoplastic RV could not tolerate a sys- 
temic output. The other 11 have been followed 2 to 81 
months (median 23). The 8 children who have been followed 
more than 6 months were acyanotic by then, and are now 
asymptomatic, and acyanotic, with normally sized hearts 
on x-ray. The 3 infants operated on most recently are 
doing well but remain mildly cyanotic with cardiomegaly 
on x-ray. 

Our data suggest that babies with critical PS and a 
diminutive RV have a distinct clinical profile and a 
good operative prognosis. 


MYOCARDIAL INFARCTION FOLLOWING CORONARY SURGERY: VEC- 
TORCARDIOGRAPHIC ASSESSMENT 

H. David Friedberg, MD, FACC; Howard J. Zeft, MD, FACC; 
Richard E. Silberman, MD; Alfred J. Tector, Jr., MD; and 
W. Dudley Johnson, MD, FACC, St. Luke's Hospital, Mil- 
waukee, Wisconsin. 


The incidence of myocardial infarction (MI) following di- 
rect coronary surgery (DCS) has been variously reported 
in small series, and may well vary with case selection. 
ECG assessment is difficult because of past MI and post- 
Operative pericarditis. Postoperative cardiac enzyme le- 
-vels are usually raised and difficult to interpret. For 
more accurate assessment, vectorcardiograms (VCG) (Frank 
lead system) were recorded before and within seven days 
after DCS in 193 consecutive patients of whom 116 (60%) 
showed VCG signs of one or more past MIs. The VCG cor- 
related somewhat better than the ECG with regional dys- 
function in the preoperative ventriculogram. A charac- 
teristic postoperative change is a posterior displacement 
of some or most of the QRS loop. Superior displacement 
is less frequent. Initial forces are not affected. This 
seems to result from physical rotation of the heart and 
is related to surgical technique. This change may mimic, 
or occasionally mask, a fresh MI in the scalar ECG. 
Specific examples will be shown. In 15 patients (7.8%), 
there was definite alteration of initial forces and 
changes of new MI. These findings will be correlated 
with autopsy data and postoperative ventriculography and 
angiographic evidence of graft patency. The VCG appears 
to be a useful and more specific tool than the ECG for 
the pre- and post- operative evaluation of patients un- 
dergoing DCS. 
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VECTORCARD IOGRAPHIC CHANGES FOLLOWING SAPHENOUS VEIN 
CORONARY BYPASS SURGERY. Vincent E. Friedewald, Jr., MD; 
Joel E. Futral, MD; Sam A. Kinard, MD; Edward B. 
Diethrich, MD; Robert S. Flinn, MD. Arizona Heart 
Institute, Phoenix, Arizona 

The marked improvement in symptoms of angina pectoris in 
patients who have undergone coronary bypass surgery has 
been speculated to be partially due to infarction of 
previously ischemic areas of the myocardium. In order to 
evaluate the incidence of vectorcardiographic evidence of 
myocardial infarction associated with this procedure, the 
vectorcardiograms and electrocardiograms of 100 consec- 
utive patients receiving autogenous saphenous vein by=` 
passes of one or more coronary vessels were analyzed. 

The series includes 35 single bypasses, 57 double and 8 
triple bypass procedures. Included among these are 26 
gas endarterectomies in addition to the bypass. 48 
patients had no evidence of infarction preoperatively; of 
these, 4 (8%) developed evidence of infarction within 24 
hours after surgery. Of the 52 patients with infarction 
patterns prior to surgery, 2 (4%) developed infarction 
postoperatively. All infarctions were of the inferior 
wall type and all occurred within 24 hours of surgery. 
Five of the six patients who infarcted had bypasses of 
the circumflex vessel, whereas only 24% of the procedures 
included bypass of that vessel. Thus it can be concluded 
from this study that, based on vectorcardiographic change 
(1) the incidence of new infarction after this surgery in 
all patients is 6%, and (2) bypass of the circumflex 
vessel has an especially high incidence of infarction. 


SURGICAL CLOSURE OF VENTRICULAR SEPTAL DEFECT WITH 
ELEVATED PULMONARY VASCULAR RESISTANCE 

Beat Friedli, MD; Langford Kidd, MD, FACC, Hospital for 
Sick Children, Toronto 


Fifty-seven children with ventricular septal defect (VSD) 
and elevated pulmonary vascular resistance (PVR) under- 
went corrective surgery at age 11 months to 17 years (mean 
4.8 yrs), Total PVR was more than 25% of systemic vascu- 
lar resistance (SVR) and higher than 400 dynes sec cm7)/ 
M2 in all, Surgical mortality was 32% and 7 late deaths 
occurred from Eisenmenger's syndrome (12%). Twenty-five 
patients underwent recatheterization 1 to 11 years (mean 
5 yrs) postoperatively, Pulmonary artery mean pressure 
had dropped in all but 3, from 54,5 + 12,7 pre- to 32.2 
+ 16.9 post-operatively, PVR had dropped to normal or 
near normal in 12, remained unchanged in 4 and increased 
further in 9, Factors determining the outcome were the 
degree of elevation of PVR and the age of the patient, 
Children operated on before the age of 2 years faced a 
high surgical mortality (7/10), but the 3 survivors re- 
turned to a normal PVR, Older children fell into 2 
groups: of 8 children with total PVR between 1/4 and 1/3 
SVR, 6 returned to normal resistance and 2 progressed to 
higher PVR, Of 12 patients with PVR above 1/3 of SVR, 
only 1 returned to normal, all others either progressed 
or remained unchanged, (p< 0.01), Of 5 children with 
high PVR in the first year of life, operated on later, 
none was found to have increased PVR postoperatively, 
These may have had delayed maturation of the pulmonary 
arterioles rather than pulmonary vascular disease (PVD). 
It is concluded that PVD in VSD may regress after oper- 
ation when it is mild to moderate, or when operation is 
carried out very early in life, More severe PVD has 
little tendency to regress after surgery, 
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CONGENITAL VASCULAR RINGS: ANALYSIS OF 41 CONSECUTIVE 
CASES 

Frank M. Galioto, Jr, MD, Ramon Bermudez-Canete, MD, 
Milton J. Reitman, MD, Grady L. Hallman, MD, FACC, 
Denton A. Cooley, MD, FACC, and Dan G. McNamara, MD, 
FACC, Baylor College of Medicine, Houston, Texas 


Constriction of the trachea and esophagus by a vascular 
ring is a significant correctable malformation which is 
often diagnosed late and if umrelieved, may cause death. 
Forty-one symptomatic patients ranging in age from 10 
days to 70 years have required surgical correction dur- 
ing an 18 year period. All 34 patients under 5 years of 
age presented with symptoms of airway obstruction with 

12 having dysphagia as well. The 7 patients over 5 years 
had dysphagia only. Four basic anatomical types were 
found: double aortic arch (15), right aortic arch associ- 
ated with left ligamentum arteriosum or ductus arteriosus 
(18), retroesophageal right subclavian artery and left 
aortic arch (6), and origin of the left pulmonary artery 
from the right pulmonary artery (2). Three patients had 
ventricular septal defects as well. There were no opera- 
tive deaths. Postoperative complications included 7 pa- 
tients with manifestations of persistant airway obstruc- 
tion which showed gradual improvement, 2 with temporary 
paralysis of the recurrent laryngeal nerve and one with 
wound infection. Cardiac catheterization and angiography 
is recommended for patients with symptoms and radiograph- 
ic evidence of vascular ring in order to delineate the 
lesion and plan the surgical approach. Demonstration by 
angiography of an associated Kommerell's diverticulum 
obviates the need for unnecessary surgical dissection 

to identify this structure. The outlook with accurate 
diagnosis and prompt surgical treatment is good despite 
the often severe presenting symptoms. 


CLOSURE OF VENTRICULAR SEPTAL DEFECT THROUGH THE AORTIC 
VALVE: A NEW SURGICAL APPROACH 

Frank M. Galioto, Jr, MD, Galal El-Said, MD, FACC, 
Charles E. Mullins, MD, Frank M. Sandiford, MD, and 
Denton A. Cooley, MD, FACC, Baylor College of Medicine, 
Texas Children's Hospital and Texas Heart Institute, 
Houston, Texas 


A new approach to the closure of ventricular septal 
defect through the aortic valve was performed in 6 
patients ranging in age from 20 months to 66 years. Two 
patients were undergoing the Mustard procedure for trans- 
position of the great arteries. Another patient had 
ventricular inversion. Anomalous origin of the anterior 
descending coronary artery from the right coronary artery 
made right ventriculotomy difficult in a patient with 
dextrocardia and tetralogy of Fallot. In the 2 other 
patients, the ventricular septal defect was noted by pre- 
operative angiography to be directly under the aortic 
valve. Three patients required Dacron patches and three 
direct suture only for closure. No A-V conduction defects 
occurred in any patient and right bundle branch block 
occurred in only one patient. There was no damage to the 
aortic leaflets or coronary arteries. The only death in 
the series was unrelated to the technique. The approach 
is limited by the size of the aortic annulus and the 
position of the ventricular septal defect. The aortic 
valve approach to ventricular septal defect closure offers 
an alternate method when either right ventriculotomy or 
the right atrial approach through the tricuspid valve are 
inadvisable. 


ABSTRACTS 


ALTERNATIVE MECHANISMS OF APPARENT SUPRANORMAL 
CONDUCTION 

John J. Gallagher MD; Anthony N. Damato MD; P. Jacob 
Varghese MD; Anthony R. Caracta MD; Mark E. Josephson MD; 
Sun H. Lau MD, U. S. Public Health Service Hospital, 
Staten Island, New York. 


Alternative mechanisms were found to explain 9 different 
electrocardiographic examples of apparent supernormal 
A-V conduction in man using programmed premature atrial 
and ventricular stimulation and His bundle recordings. 
Sudden shortening of the P-R interval during A-V nodal 
(AVN) Wenckebach phenomenon (WP) was due to manifest or 
concealed reentry within the A-V node. Gap phenomena in 
which late APD's blocked while earlier APD's conducted 
were shown to result from delay of earlier APD's in the 
AVN (type I Gap) or in the His-Purkinje system (HPS) 
(type II Gap). Mechanisms analogous to the latter were 
found in cases of apparent supernormality of intra- 
ventricular (IV) conduction: Late APD's resulted in 
aberration while earlier APD's conducted normally due to 
delay within the AVN or HPS. Unexpected normalization 
of a bundle branch block pattern also resulted from WP 
in the bundle branches. Atypical WP with the first beat 
of the period demonstrating aberration was due to phase-4 
depolarization. Pre-excitation of the ventricle prior to 
the delivery of a previously blocked APD allowed conduc- 
tion through the area of block (AVN) because of earlier 
depolarization of the latter with earlier recovery. 2:1 
AV block in the HPS was converted to 1:1 conduction when 
a premature ventricular depolarization shortened the re- 
fractoriness of the HPS. 


CHANGES IN MYOCARDIAL OXYGEN CONSUMPTION DURING RELIEF 
OF PACING-INDUCED ANGINA BY NITROGLYCERIN 

William Ganz MD,FACC; Harold S. Marcus MD, Department of 
Cardiology ,Cedars-Sinai Medical Center and Department of 
Medicine University of California, Los Angeles, Los 
Angeles, California 


Although it has been assumed that one of the possible 
mechanisms of relief of angina by nitroglycerin (NTG) 

is reduction in myocardial oxygen consumption (MVO9), 
this has not been proved by actual measurements. The 
purpose of the present investigation was therefore to 
measure the MVO9 during angina and its relief by NTG. 

In 9 patients with coronary artery disease, angina was 
induced by gradual elevation of heart rate by atrial pac- 
ing. Coronary sinus blood flow (CSBF) was measured 
continuously after induction of angina until its relief 
by 0.15 mg NTG i.v. Samples of arterial and coronary 
sinus (CS) blood for 09 and lactate determination were 
taken simultaneously before pacing, during angina and 
immediately after its relief by NTG. Arterial blood 
pressure (ABP) and lead V5 were monitored continuously. 
The relief of angina was preceded by an average reduc- 
tion in mean ABP from 113+25 to 100+27 mmHg, a reduc- 
tion CSBF from 181+31 to 148+31 ml/min. The arterial-Cs 
Oy difference and CS 07 content did not change. MVO? in- 
creased from 13.5+3.0 before pacing to 23.6+5.4 ml/min 
during angina. At the time of relief MVO2 was reduced 
to 18.8+4.9 ml/min. Angina was relieved 15-50 secs 
after reduction in MVO2. Myocardial lactate extraction 
fell from 22+12 before pacing to -7+17% during angina 
with no improvement following relief of angina. Abnor- 
malities of EKG remained also unaffected. The study 
confirms that the relief of angina by nitroglycerin is 
associated with a significant reduction in myocardial 
oxygen consumption preceding the relief by 15-50 secs. 
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. 
CORONARY COLLATERALS AND CORONARY BACKFLOW 
RECORDINGS IN PATIENTS WITH CORONARY ARTERY 
DISEASE. A DOUBLE BLIND ANGIOGRAPHIG-SURGICAL 
CORRELATTON 
Goffredo G. Gensini, MD, FACC; Paolo Esente, MD; 
J. Ernest Delmonico, Jr., MD, FACC; Frederick B. 
Parker, MD; John F. Neville, MD; Robert H. Eich, 
MD; Watts R. Webb, MD, FACC, St. Joseph Hospital 
and State University of New York, Syracuse, N.Y. 


Preoperative coronary angiography (CA) and ope- 
rative coronary backflow (BF) recording allowed 
in vivo recognition of coronary collaterals (CC) 
and assessment of their functional capacity. 
Thirty patients studied with CA underwent coro- 
nary by-pass surgery. The functional capacity 
of CC was predicted prior to surgery on the 
basis of CA. The BF from the cannulated arte- 
rial segment distal to a severe obstruction or 
occlusion was measured during surgery, prior to 
the graft anastomosis. No CC could be observed 
when the obstruction was less than 95% and in 
these cases the measured BFs did not exceed 3cc/ 
min. When no CC were observed, regardless of 
the severity of obstruction, the BF was less 
than 6cc/min. The largest BF measurements (up 
to 17cc/min.) in all but one case corresponded 
to the angiograms with the best CC. Estimations 
of the functional capacity of human CC based on 
CA correlated well with BF determinations made 
at time of surgery. The absence of CC is asso- 
ciated with poor retrograde perfusion of ische- 
mic myocardium, whereas the highest BFs recorded 
were found in patients with best CC networks. 


ANGIOGRAPHIC ESTIMATION OF RIGHT VENTRICULAR VOLUME (RVV) 
IN MAN 


Gentzler, R.D., M.D., Gault, J.H., M.D., and Briselli, 
MF, 


Penn State Univ. College of Medicine, Hershey, Pa. 17033 


Although the feasibility of angiographic estimation of 
RVV has been demonstrated, no method has been validated 
by comparison with independent measurements of volume, 
and none has been applied to the systematic analysis of 
RVV characteristics in man. In the present study, post- 
mortem casts of the human RV were used to determine a re- 
gression analysis for RVV for biplane frontal and lateral 
films by the Simpson's rule technique (true volume=0.749 
calculated volume, r=0.99, SEE 3.7 ml, for casts ranging 
in volume from 20 to 115 ml). This method was then em- 
ployed to estimate RVV from biplane cineangiograms in 13 
patients. The validity of RVV measurements in vivo was 
corroborated by close correlation of stroke volumes es- 
timated independently by angiographic and indicator dilu- 
tion methods (r=0.96, SEE 4.7 ml). 

In 5 patients with normal RV hemodynamics RV end- 
diastolic yolume (EDV) averaged 89.4 ml/M* (range 63.2 to 
107.1 m1/M“); ejection fraction (EF) averaged 0.45 (range 
0.36 to 0.51), values generally lower than the normal 
left ventricular EF. In 5 patients with elevated RV 
systolic pressure (avg. 57, range 47-80 mmHg), RY EDV 
and EF were comparable to normal (avg. 66.0 m1/M* and 
0.44, respectively). In 2 patients with myocardial 
disease RV, failure was evidenced by elevated EDV (127.6, 
135.2 ml1/M ) and reduced EF (0.13, 0.25). 

It is concluded that the biplane angiographic method 
provides a practical, accurate means of quantitating RVV 
characteristics and thus RV performance. 


ELECTROPHYSIOLOGICAL ABNORMALITIES AFTER MUSTARD 

OPERATION FOR TRANSPOSITION OF THE GREAT ARTERIES 

Paul C. Gillette, MD, Galal El-Said, MD, FACC, N.Sivarajan, 
MD, Charles E. Mullins, MD, Robert L. Williams, MD, and 
Dan G. McNamara, MD, FACC, Baylor College of Medicine, 
Houston, Texas 


His bundle and bipolar atrial electrograms were recorded 
in 11 patients who had variable arrhythmias after Mustard 
operation for transposition of the great arteries. The 
studies were performed one month to six years after the 
operation. With the antegrade catheter, His bundle elec- 
trograms were recorded from the left ventricle and atrial 
electrograms from the new right atrium. A retrograde cath- 
eter was used to record His bundle electrograms from the 
right ventricle and atrial electrograms from the new left 
atrium. The low atrial-to-His interval was normal in 8 pa- 
tients and short in 3. The His-to-ventricle interval was 
normal in 10 patients and prolonged in one. Intra-atrial 
electrical activity coinciding with the T-P interval was 
recorded in 4 patients with sinus-like P waves on the sur- 
face electrocardiogram at the time of the study. This 
phenomenon suggests that some of the sinus-like P-waves 
frequently seen after Mustard's operation result from a 
junctional pacemaker. The electrical activity is first 
conducted silently from the junctional pacemaker upwards 
prior to the manifest downward depolarization of the two 
atria. The corrected pacemaker recovery time was measured 
in 3 patients after doubling the heart rate by atrial pac- 
ing for 4 minutes. The recovery time was normal in 2 pa- 
tients and prolonged in the patient who had junctional 
pacemaker with initial silent upward conduction. Mustard 
procedure for correction of transposition of the great 
arteries may cause initially silent atrial activity, 
shortening of the low atrial-to-His interval, lengthening 
of the His-to-ventricle interval and delayed pacemaker 
recovery time. 


USE OF DYE CURVES IN DIAGNOSIS AND EVALUATION OF INFANTS 
WITH TRANSPOSITION OF THE GREAT VESSELS. 

Robert L. Gingell, MD; Richard E. Hawker, MB,BS; Robert M. 
Freedom, MD, L. Jerome Krovetz, MD, PhD; and Richard D. 
Rowe, MD; Johns Hopkins University School of Medicine, 
Baltimore, Md. 


Indicator-dilution technics are extremely valuable for 
small infants, since it is difficult to obtain a series 
of samples for oximetry without a change in status. In 
contrast, the significant portions of dye curves (DC) oc- 
cur more rapidly, usually in less than 15 seconds. In neo- 
nates the umbilical vessels are readily available for 
catheterization. Unfortunately, manipulation of a cathe- 
ter inserted into umbilical vein and transversing ductus 
venosus is often difficult. While the catheter will usu- 
ally enter the right atrium (RA) and pass through the 
foramen ovale into the left atrium (LA), catheter entry 
of right or left ventricle may be difficult. We have suc- 
cessfully used DC in the diagnosis of transposition of 
the great vessels (TGV). Injection of dye into RA and LA 
while sampling in the descending aorta by way of an umbi- 
lical artery catheter produces characteristic patterns. 
In TGV with little mixing, the RA curve is that of a mas- 
sive right-to-left shunt while injection into LA produces 
a low amplitude, flat curve. As mixing increases, DC come 
to resemble each other until in single ventricle with 
TGV, they are the same. Cyanotic congenital heart disease 
that might otherwise be confused with TGV will be illus- 
trated. Experience in 14 patients with TGV, with and 
without associated lesions (VSD and/or PS) indicate this 
combination of DC patterns to be distinctive and allows 
for diagnosis of TGV without injection of contrast mate- 
rial and minimal catheter manipulation. Thus, especially 
in the ill neonate, balloon septostomy may be accomplish- 
ed in the study, and angiography omitted if necessary. 
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SURGERY FOR MITRAL VALVE INCOMPETENCE FOLLOWING MYOCARDIAL 
INFARCTION 

Emilio R. Giuliani, MD, FACC; Gideon Merin, MD; James R. 
Pluth, MD; Robert B. Wallace, MD; Gordon K. Danielson, MD, 
FACC, Mayo Clinic and Mayo Foundation, Rochester, Minn. 


Twenty-six patients were operated on for mitral insuffi- 
ciency secondary to myocardial infarction, Sixteen were 
in NYHA Class IV and 10 in Class III. The average time 
between myocardial infarction and operation was 13 mo 
(range 2 mo-5 yr). Twelve of 24 patients had resting left 
ventricular end-diastolic pressures >15 mm Hg. Thirteen 
of 20 patients had cardiac indices <2.5 L/min/m2. The 
mitral valve was replaced in 17 patients, and 9 patients 
had valvuloplasty or annuloplasty or both. Three patients 
had concomitant left ventricular aneurysmectomy, and 12 
had concomitant aorto-coronary vein bypass grafts. 

There were 8 postoperative deaths, mainly from recurrent 
myocardial infarction. The mode of valvular surgery per- 
formed and the concomitant performance of coronary revas- 
cularization did not alter the operative mortality. Eight 
other patients died during a follow-up of 9 to 108 mo 
(average 30 mo). The main cause for late deaths was con- 
gestive heart failure, which was unrelated to the type of 
valve surgery. As most of the patients who underwent con- 
comitant vein bypass grafting were recent cases, it was 
not possible to determine whether the long-term survival 
was improved by concomitant coronary revascularization. 
All survivors but one were in Class I or II. Although 
the operative mortality for postinfarction mitral insuffi- 
ciency is relatively high, most survivors are markedly 
benefited. Operation is recommended for selected patients 
in this "salvage" group. 


EFFECT OF DIGOXIN ON INOTROPY AND (Na’,K')-ATPase IN 
NORMO- AND HYPERKALEMIA 


R.H. Goldman, MD, FACC; J. Coltart, MD, MRCP; J.P. 
Friedman, MD;G. Nola; D. Berke, MD and E. Schweizer, 
Cardiology Div, Stanford Univ. School of Med., Stanford, 
California. 


The effect of BR uiteoxtn (D) on inotropy and (Nat, K’) - 
ATPase activity (ATPase) was studied in normokalemic (NK) 
and hyperkalemic (HK) dogs instrumented to measure left 
ventricular contractility (LV dp/dt). With heart rate, 
left atrial pressure, aortic mean pressure and autonomic 
activity constant, LV dp/dt increased from 2950 + 68 to 
4458 + 285 alts Tees (+50.9 + 80%) in NK dogs 60 minutes 
after 0.08 mg/kg D, intravenously. In HK dogs, LV dp/dt 
only increased from 3429 + 271 to 3704 + 325 mmHg/sec 
(+7.7 + 2.8%). The difference in the response of NK and 
HK dogs to D is significant (p <0.01). In HK dogs both 
total and microsomal-bound D were significantly decreased 
(p <0.025). Plasma D was slightly but not significantly 
higher in HK compared to NK dogs. In NK dogs, the inotro- 
pic effect of D was accompanied by a 43.4 + 2.4% inhibi- 
tion of ATPase, while in HK dogs, ATPase was a ae 
only 27.4 + 2.5%, a significant difference (p <0.01). 
increasing D from 0.08 mg/kg to 0.18 mg/kg, the roe 
ory effects of hyperkalemia on the inotropic properties 
of D could be overcome. This larger dose of D also in- 
creased myocardial and microsomal-bound D and ATPase in- 
hibition. These studies indicate that potassium, in 
vivo, competitively inhibits both the inotropic proper- 
ties of D and its effects on ATPase. In both NK and HK 
animals the effects of D on contractility can be cor- 
related with both microsomal-bound D and ATPase inhibi- 
tion. 
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POSTERIOR DIVISION REFRACTORINESS IN PATIENTS WITH RIGHT 
BUNDLE BRANCH BLOCK AND LEFT ANTERIOR HEMIBLOCK, 

Bruce N. Goldreyer, MD; John A. Kastor, MD; Joel H. 
Manchester, MD; James C. Shelburne, MD, FACC, Hospital of 
the University of Pennsylvania, Philadelphia, Pa. 


Trifasicular disease frequently precedes complete AV 
block. Thus, eleven patients with right bundle branch 
block (RBBB), left anterior hemiblock (LAH) and 1:1 AV 
conduction were studied to test the functional capacity 
of the sole conducting fasicle, the left posterior div- 
ision (LPD). During catheterization, electrocardiograms 
reflecting AV nodal input and impulses arriving at the 
ventricular specialized conducting system were recorded 
along with 3-6 surface ECG leads. Rapid atrial pacing 
(RAP) and the extra stimulus method (ESM) were employed 
to measure the refractoriness of all components within 
the AV conduction system, 1:1 AV conduction was sus- 
tained during RAP at rates to 170/min (10/11) and LPD 
block was never encountered. The functional refractory 
period of the AV node was determined (ESM) to be a di- 
rect linear function of the AH interval. Although con- 
duction within the LPD was uniformly prolonged (HV 
intervals 50-80 msec) in only 2/11] patients did LPD 
refractoriness exceed the functional refractory period 
of the AV node (400,480 msec) representing a distinct 
abnormality. One patient with measured LPD refractori- 
ness <300 msec, demonstrated complete infranodal block 
less than 24 hours after study. RAP and ESM are valu- 
able in assessing atrial and AV nodal refractoriness. 
In patients with RBBB and LAH,LPD refractoriness rarely 
exceeds that of the AV node, even when LPD conduction is 
prolonged. The decision to employ a permanent demand 
pacemaker remains a clinical one since present electro- 
physiologic techniques cannot uniformly measure LPD 
refractoriness, 


EFFECTS OF NITROGLYCERIN ON CORONARY COLLATERAL FUNCTION 
IN PATIENTS WITH CORONARY OCCLUSIVE DISEASE Robert E. 
Goldstein, MD, Edward B. Stinson, MD, Stephen E. Epstein, 
MD NHLI, Bethesda, Md. 


Beneficial effects of nitroglycerin (TNG) during myocar- 
dial ischemia are well documented. Nevertheless, little 
is known concerning the direct influence of TNG on coro- 
nary collateral function in humans with diseased coronary 
arteries. We therefore measured the ability of collater- 
als to sustain retrograde flow (RF) and back-pressure 
(peripheral coronary pressure or PCP) before and after 
TNG in patients undergoing saphenous vein bypass. 
Measurements were made via the distally (but not proxi- 
mally) attached vein graft while the fibrillating heart 
was sustained by cardiopulmonary bypass and while the 
coronary artery into which the vein graft opened was to- 
tally occluded proximal to the site of graft attachment. 
TNG (100 ug bolus and 100 to 150 ug/min) was infused into 
ascending aorta. Baseline measurements in 27 patients re- 
vealed aortic pressure (AP) mean 8014 (S.E.) mm Hg, PCP 
30+3 mm Hg, retrograde flow 6.9+1.9 ml/min, and calcula- 
ted collateral resistance (CCR) of 63+18 mm Hg/ml/min. 
Following TNG, AP decreased 1942% but RF was not consis- 
tently changed; thus CCR fell significantly by an average 
of 26% (P<.05). Similarly, a fall in CCR (mean 48%) was 
noted in 6 individuals in whom AP changes were attenuated 
by altering systemic flow. PCP decreased consistently af- 
ter TNG, but less than that expected from the fall in AP. 
When expressed as a fraction of AP, PCP actually in- 
creased 9.5+4.0% (p<.02), a finding consistent with en- 
hanced flow through collateral channels. In conclusion, 
although their clinical significance is uncertain, our 
data indicate that TNG is capable of diminishing resis- 
tance to collateral flow despite severe multivessel 
involvement. 


January 1973 The American Journal of CARDIOLOGY Volume 31 JASS 


ABSTRACTS 


DETECTION OF MYOCARDIAL INFARCTS IN MAN WITH RADIOACTIVE 
POTASSIUM SCANS 

Ralph J. Gorten, MD, Akira Nishimura, MD, John F. 
Williams, Jr., MD, FACC, University of Texas Medical 
Branch, Galveston, Texas 


With the recent advent of potassium-43, renewed in- 
terest has developed in scan techniques for the detec- 
tion of myocardial infarcts. Rectilinear scans in 
anterior, left anterior oblique, and left lateral posi- 
tions were performed after intravenous potassium-43 
chloride in 37 patients. Twenty-two patients had defi- 
nite clinical evidence of myocardial infarction ranging 
in age from 2 days to 5 years as determined independent- 
ly by cardiologists. Twenty of these 22 had abnormal 
Q waves whereas 2 were believed to have had subendo- 
cardial infarction. Of the remaining 15 patients, 3 
had no cardiac abnormalities, 6 had coronary disease 
without infarction, and 6 had other type cardiac dis- 
orders. 

Abnormal scans were observed in all patients with in- 
farction. There was agreement between ECG and scan 
localization of infarct site in 18 of 22 patients. In 
the 4 discrepancies, ECG revealed inferior infarction 
whereas scan abnormalities indicated anterior or lateral 
involvement. 

Normal scan interpretations were recorded in 13 of 15 
patients without infarction. Both patients with abnor- 
mal scans had coronary artery disease but no other evi- 
dence of myocardial necrosis or scar formation. 

These clinical comparisons indicate that myocardial 
scanning with potassium-43 is a sensitive, relatively 
specific method for detection of myocardial infarction 
in man. This non-invasive technique holds promise for 
the very early detection of myocardial infarction as 
well as for serial evaluation of infarct size. 


SURGICAL TREATMENT FOR LIFE-THREATENING VENTRICULAR 
ARRHYTHMIAS 


Anthony F. Graham, MD; Craig Miller, MD; Edward B. 
Stinson, MD; Pat 0O. Daily, MD; Donald C. Harrison, MD, 
FACC, Cardiology Division, Stanford Univ. Stanford, CA 


Aorto-coronary bypass surgery and/or aneurysmectomy has 
been used to treat 9 patients (7 males, 2 females) with 
refractory ventricular tachyarrhythmias since June 1970 
at the Stanford Medical Center. The majority presented 
with recurrent syncope (7) and some also had mild con- 
gestive failure (6) or angina (4). Coronary atherosclero- 
sis was the underlying disease in 7 and myocardial in- 
facrtion had been documented 2 months to 25 years pre- 
vious in these patients. Recurrent ventricular tachy- 
cardia or fibrillation was documented in 8, and a 
junctional tachycardia in the other. All patients had re- 
ceived intensive conventional medical treatment consist- 
ing of a variety of antiarrhythmic drugs, overdrive 
pacing and DC countershock. Preoperative hemodynamic 
studies revealed a left ventricular aneurysm in 6 and 
severe coronary artery narrowing in at least one major 
coronary artery in all patients. At surgery, 6 patients 
had resection of a left ventricular aneurysm, as well as 
at least one aorto-coronary bypass graft. Another three 
patients had isolated aorto-coronary grafts to two or 
more major vessels. One patient died within 24 hours. 
Eight patients are currently alive 2 to 28 months (aver- 
age 13 months) postoperatively. All survivors are free 
from tachyarrhytymias, and 6 patients are functionally 
Class I. These results show that myocardial revasculari- 
zation with saphenous vein grafts and/or left ventricu- 
lar aneurysmectomy can be effective therapy for refrac- 
tory ventricular tachyarrhythmias. 
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LATE ACUTE REJECTION IN THE HUMAN CARDIAC TRANSPLANT SUR- 
VIVOR: CLINICAL DIAGNOSIS,TREATMENT AND SIGNIFICANCE 
Anthony F. Graham, MD; John S. Schroeder, MD; Phillip K, 
Caves, MD; Edward B. Stinson, MD and Donald C. Harrison, 
MD, FACC, Cardiology Div., Stanford Univ. School of Med., 
Stanford, California 


Forty-eight patients (pts) have undergone cardiac trans- 
plantation at Stanford as of October 1, 1972. 25 pts sur- 
vived longer than 3 months, for a total of 34 pt years. 
The following features characterize the late acute re- 
jection (LAR) episodes occurring during this period of 
time. 

l. The frequency of LAR has been one episode per 200 pt 
days as compared with one episode of acute rejection per 
20 pt days in the first 2 months post-transplantation. 

2. The pt remained clinically asymptomatic during 75% of 
LAR episodes, 

3. Reliable diagnostic criteria of LAR include a 20% de- 
crease in EKG voltage (100% of cases), arrhythmias and 
conduction abnormalities (50%) and a gallop rhythm (50%). 
4, Percutaneous transvenous endomyocardial biopsy has 
documented the histopathologic changes during LAR and 
their reversal after treatment. 

5. Doubling of maintenance predisone has successfully re- 
versed 75% of LAR episodes, while 25% required hospitali- 
zation for more aggressive treatment. 

6. The occurrence of severe LAR may be related to the 
development of coronary atherosclerosis in the trans- 
planted heart. 

7. LAR and complications of its treatment has contrib- 
uted to 3 of 11 deaths in this group of longterm survi- 
vors. 

These data show that LAR occurs in the human cardiac 
allograft but that its occurrenct does not preclude good 
longterm cardiac function in the majority of patients. 


EFFECT OF VOLUME OR PRESSURE OVERLOAD ON RIGHT 
VENTRICULAR VOLUME CHARACTERISTICS 


Thomas P. Graham, Jr., M.D.; Jay M. Jarmakani, M.D.; 
Gerald F. Atwood, M.D.; and Ramon V. Canent, Jr., M.D., 
FACC, Vanderbilt Medical Center, Nashville, Tennessee 


Right ventricular (RV) volumes were calculated from 
biplane cinecardiograms using Simpson's rule. Patient 
groups included atrial septal defect (ASD) or total 
anomalous pulmonary venous connection (TAPVC) (n=11) 

and pulmonary stenosis (PS,n=13). Normal values for 
comparison were obtained from 16 patients (pts.) with 
normal right hearts undergoing diagnostic catheterization. 
In seven infants less than one year, the normal value 

for RV end-diastolic volume (EDV) was 39+8 vs 70+12 ml/m2 
in nine older pts. (p<0.001), RV ejection fraction (EF) 
0.6640.07 vs 0.64+0.09 (p>0.5) RV systolic index (S1) 
3.7140.68 vs 4.66+1.10 L/min/m? (p<0.05), and (RVEDV/left 
ventricular EDV) 1.0 for both infants and older pts. 

With ASD or TAPVC, RVEDV averaged 128+37 ml/m2, RVEF 
0.6440.01, RVS! 9.344+2.94 L/min/m?, RVEDV/LVEDV 2.4, 

and RVSI/LVS!I 2.8. All variables except EF were 
different from normal (p<0.001). With PS, RVEF was 
0.6940.10 (p>0.3), RVSI 4.3141.14 L/min/m? (p>0.5) and 
RVEDV/LVEDV 0.9+0.2 (p>0.3). In three infants with PS., 
RVEDV was 4448 ml/m2, and in ten older pts. RVEDV 
averaged 60+10 ml/m? (p>0.1). In volume overload large 
alterations in RV volume characteristics are apparent 

and can be useful in shunt estimation; adaptation to 
pressure overload however, is not associated with 
detectable volume alterations. 
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A VIDEO SCANNER-ANALOG COMPUTER SYSTEM FOR THE ANALYSIS OF 
ROUTINE ECHOCARDIOGRAMS. James M. Griffith, MSEE, Walter 
L. Henry, MD, National Heart and Lung Inst., Bethesda, Md. 


A major reason for the expanding use of echocardiography 
(ECHO) in cardiac diagnosis is that rapidly moving cardi- 
ac structures can be visualized with ease and safety. 
Typically, ECHO studies have been limited to qualitative 
observations because detailed quantitative measurements 
of cardiac structure motion have been possible only 
through laborious and time-consuming manual information 
processing. We have developed a video scanner~analog com- 
puter system that greatly simplifies ECHO analysis. Up to 
8 non-overlapping cardiac structures first are traced 
manually from routine ECHO's onto transparent paper. This 
traced record then is converted by a television (TV) cam- 
era into a TV picture consisting of 524 video lines, 
These video lines are processed sequentially by 8 indivi- 
dual signal detectors, each generating a digital value 
proportional to the distance of each traced signal from 
the beginning of the video line. The digital data is 
converted to analog form, processed using analog computer 
techniques, and recorded on a strip chart. Using this 
system, we analyzed 20 routine ECHO's and compared the 
results with manual analysis. Mean velocity of circum- 
ferential fiber shortening (VCF), maximum VCF, instantan- 
eous transverse LV dimension (TLVD), instantaneous esti- 
mated LV volume ([TLVD}2) and the derivative of mitral 
valve motion were all accurately obtained (r>0.95). In 
addition, other physiological data recorded on the ECHO 
record, such as EKG and pressures, may also be analyzed 
in conjunction with cardiac structure motion (allowing, 
for instance, the construction of force-velocity curves). 
The use of this system to analyze in detail the motion of 
a variety of individual and paired cardiac structures may 
allow important cardiac diagnostic information to be ob- 
tained easily from routine echocardiograms. 


MECHANISMS OF SYMPTOMATIC IMPROVEMENT AFTER CORONARY 
BYPASS GRAFT SURGERY. Lawrence Griffith, MD; Stephen 
Achuff, MD; J. O'Neal Humphries, MD,FACC; Richard Conti, 
MD, FACC; Robert Brawley, MD; Vincent Gott, MD; and Richard 
Ross, MD,FACC; Johns Hopkins Hospital, Baltimore, Md. 
Evaluation of 71 patients 6.1+0.8 months after saphenous 
vein bypass graft(SVBG) surgery demonstrated that 46 pa- 
tients (65%) had at least one new total occlusion(NTO) of a 
segment of a major coronary artery (right, anterior des- 
cending or left circumflex) that was patent before surgery. 
SVBG patency rate was 66%(79/120). Fifty-six of these 71 
patients had symptomatic improvement(SI) as determined by 
objective stress testing (exercise and/or atrial pacing). 
Two mechanisms of SI were identified: Group I (16 pa- 
tients)- improved blood flow through a patent SVBG into an 
intrinsic coronary artery(ICA) whose arteriographic appear- 


ance was unchanged from pre-op study; Group II (9 patients) - 


all SVBG were occluded and there was a NTO of the ICA into 
which the SVBG was placed with probable infarction of the 
corresponding ischemic ventricular segment; Group III (31 
patients)-an intermediate group with a combination of 
these two mechanisms. 

Six patients in the intermediate Group III had all grafts 
patent and the only change in the ICA was a NTO of a 
small segment of artery proximal to the anastomosis. Im- 
provement here is probably due to increased flow. Also in 
Group III are 20 patients with two grafts, one of which is 
open to an unchanged native circulation while the other 
SVBG is occluded and the corresponding ICA segment has a 
NTO. Improvement here may be due to increased flow or 
infarction, or a combination of both. There are also five 
patients in Group III with only one graft patent that 
fills only a coronary segment proximal to the anastomosis 
with a NTO of the distal segment. 

Changes in the intrinsic coronary artery and possible 
infarction of ischemic myocardium likely play a role in 
SI in some patients following SVBG surgery. 


ABSTRACTS 


ECHOCARDIOGRAPHIC CRITERIA FOR NORMAL NEWBORN INFANTS 
Arthur D. Hagan, CDR, MC, USN and William J. Deely, 
CDR, MC, USN, Naval Hospital, San Diego, California 


Two hundred normal infants between 12 and 72 hours of 
age were studied to establish normal ranges for all 
cardiac parameters which can be evaluated by ultrasound. 
Strip chart recording technique was employed utilizing 
a 5 megahertz transducer. Specific dimensions were as 
follows: right ventricular end-diastolic wall thickness 
ranged 2 to 4.2 mm, average = 2,7 mm; right ventricular 
end-systolic wall thickness ranged 3.3 to 6.1 mm, 
average = 4.6 mm; right ventricular end-diastolic 
dimension ranged 9.3 to 16.3 mm, average = 12.5 mm; 
right ventricular end-systolic dimension ranged 7.3 to 
11.3 mm, average = 9.7 mm; pulmonary artery diameter 
ranged 9.6 to 12.8 mm, average = 11.3 mm, tricuspid 
valve excursion ranged 9 to 13.3 mm, average = 10.9 mm; 
tricuspid valve velocity ranged 50 to 100 mm/sec, 
average = 68 mm/sec; ventricular septal thickness 
ranged 2.3 to 3.3 mm, average = 2.7 mm; aortic root 
diameter ranged 8.3 to 11.3 mm, average = 10.1 mm; left 
atrial diameter ranged 4 to 8.8 mm, average = 6.1 mm; 
anterior mitral leaflet excursion ranged 8.7 to 12.1 mm, 
average = 10 mm; anterior mitral leaflet velocity 
ranged 51 to 105 mm/sec, average = 74 mm/sec; left ven- 
tricular end-diastolic wall thickness ranged 1.6 to 

3.3 mm, average = 2.5 mm; left ventricular end-systolic 
wall thickness ranged 2.8 to 5 mm, average = 3.7 mm; 
left ventricular end-diastolic dimension ranged 16 to 
21.1 mm, average = 18.2 mm; left ventricular end- 
systolic dimension ranged 10 to 15.3 mm, average = 13.5 
mm. In conclusion, all valves were consistently 
identified and chamber dimensions, including wall and 
septal thickness, accurately measured in most infants. 


THE LEFT VENTRICLE AND CORONARY ANATOMY IN PATIENTS WITH 
CORONARY ARTERY DISEASE AND INTRAVENTRICULAR CONDUCTION 
DISTURBANCES 

Robert |. Hamby, MD, FACC; Farouk Tabrah, MD; Mohinder 
Gupta, MD, Long Island Jewish-Hillside Medical Center and 
Queens Hospital Center Affiliation, New York City, N.Y. 


The hemodynamic and angiographic findings of 42 patients 
with coronary artery disease (CAD) and an intraventricu-— 
lar conduction disturbance (IVCD) is reported. Right 
bundle branch block (RBBB) was present in six, left ante- 
rior hemiblock (LAH) in eighteen, LAH with RBBB in nine 
and left bundle branch block (LBBB) in eight patients. 
One patient had RBBB with left posterior hemiblock (LPH). 
Congestive heart failure, cardiomegaly and trifascicular 
block were common with LBBB and LAH with RBBB. The RBBB 
group had normal LV hemodynamics, end-diastolic volume 
(EDV) and ejection fraction (EF) together with predomi- 
nant three-vessel disease. The LAH group, especially 
with evidence of a transmural infarction, had abnormal LV 
hemodynamics, EDV and EF. More than half the LAH group 
had single vessel disease. The LBBB group and RBBB with 
LAH group uniformly had abnormal LV hemodynamics, EDV and 
EF and the majority of these patients had double or 
triple vessel disease. The patient with LPH and RBBB had 
normal LV function. All the patients with abnormal LV 
function had anterior and/or apical wall asynergy. All 
the patients, except the one with LPH and RBBB, had sig- 
nificant left anterior descending (LAD) disease. It can 
be concluded that the hemodynamic derangement in these 
patients is correlated more with the IVCD than the ex- 
tent of the CAD, especially when the latter was associ- 
ated with a myocardial infarction. The only predictable 
aspect of the CAD is the finding of significant LAD 
artery disease in all but one patient. 
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- 
INCREASED VENTRICULAR VULNERABILITY IN ATHEROSCLEROTIC 
SWINE 
Jaok Han, MD, PhD, FACC; Brij G. Goel, MD; K.T. Lee, MD, 
PhD, Albany Medical College, Albany, N.Y. 


An experimental model of coronary atherosclerosis and 
myocardial infarction was produced in swine by a combin- 
ation of high-cholesterol diet and x-irradiation of the 
precordial region. In many of these swine, coronary 
angiography showed severe coronary occlusion, electrocard- 
iography demonstrated myocardial infarction, A-V or intra- 
ventricular conduction defect and ventricular arrhythmias, 
and the death occurred suddenly. Terminal electrocardio- 
grams obtained from 15 atherosclerotic swine showed that 
10 died of ventricular fibrillation and the remaining 5 
died of ventricular asystole following complete A-V block. 
Fibrillation thresholds were determined in 9 atheroscler- 
otic swine for comparison with those of 8 control swine. 
The thresholds were determined by applying a gated series 
of rectangular pulses recurring at a cycle length of 

10 msec. during the vulnerable period. Each pulse was 

4 msec. in duration, and the pulse intensity was gradually 
increased until fibrillation resulted. The mean fibrill- 
ation threshold was 8.9 ma. in the control group and 

3.8 ma. in the atherosclerotic group. It increased to 
17.8 ma. in the atherosclerotic group during infusion of 
lidocaine at a rate of 70 pg/kg/min. following an intra- 
venous bolus of 2 mg/kg. Blood lidocaine levels were 
later found to range between 2 and 4 pg/ml. during in- 
fusion of lidocaine. Electrophysiologic studies of this 
swine model of coronary artery disease may contribute to 
better understanding and management of arrhythmias 
associated with coronary artery disease in man. 


CARDIAC STRETCH ALTERATIONS: A POTENTIAL CONTRIBUTOR TO 
HYPOTENSION FOLLOWING CORONARY ARTERY OCCLUSION. 

Henry G. Hanley,M.D. and Robert M.Lewis, Baylor College 

of Medicine and The Methodist Hospital, Houston, Texas. 


It has been shown in dogs that the vasculature of both 
the kidney and the paw(a predominantly cutaneous bed) re- 


flexly dilate in response to coronary artery occlusion 
(CAOQ).To study the influence of cardiac stretch altera- 


tions(CSA)on this response,CAO was studied under condi- 
tions where CSA could be modified.The innervated renal 


and cutaneous beds were vascularly isolated and perfused 
at constant blood flow,with alterations in humoral fac- 


tors peeved vee mara circuit).To evaluate the role of CSA 
in mediating the reflex vasodilatation normally following 
CAO,the reflex response to brief periods of CAO(0.5-3.0 
mins. )was recorded in each dog at three times, 1) before 
cardiac bypass, 2) during bypass with free drainage of all 
cardiac chambers(to minimize CSA during CAO),and 3) after 
discontinuing bypass.In all eight animals in which the paw 
was studied,perfusion pressure(PP),reflecting vascular re 
sistance,decreased following CAO before and after bypass. 
Paw (Mean*SEM) Before---- During---- After Bypass 

Control PP(mm.Hg) 151.1411.2 125.1414.7 150.6412.7 

PP after CAO 139.1-11.6° 125.1214.7 . 142.1213.9 
P(paired "t" test) <.01 N.S. <.01 
Eight of twelve additional animals in which the kidney was 
studied showed decreases in TP, cons gront with a previous 


sport. In these eight animals the effect of minimizing 
CSA was as follows. 


Kidney (MeantSEM) Before--- During---- After Bypass 
Control PP 126.479.9 101.0-14.7  95.1411.6 
PP after CAO 108.178.5 105.3413.3 84.9412.4 

P(paired "t" test) Not applicable N.S. <.01 


When CSA were minimized either by cardiac bypass or by 
another method (slow hemorrhage) significant vaSsodilata- 
tion did not follow CAO, Furthermore stretqh of a coronary 
artery with a balloon(without CAO or CSA)did not elicit 


Significant reflex vascular responses.Thus CSA appear to 
mediate the reflex vasodilatation found in these two 
beds, and may contribute to the hypotension that follows 
CAO. 


GLUCAGON, MYOCARDIAL CONTRACTILITY, AND CYCLIC 
AMP 

Philip D. Henry, MD; Elaine M. Carlson; Burton E. Sobel, MD, 
FACC, UCSD, La Jolla, California. 


To determine whether the positive inotropic effect of glucagon is a 
result of changes in myocardial cyclic AMP (cAMP) we examined 
mechanical performance of isovolumic rat and guinea pig hearts 
after graded doses of glucagon, assayed myocardial cAMP by the 
protein kinase activation method, and measured glucagon stimula- 
tion of adeny! cyclase in particulate fractions of extracts prepared 
from guinea pig and rat myocardium. Effects of glucagon (107° to 
1074 M) on left ventricular pressure (LVP) and dP/dt were the same 
in rat (n = 8) and guinea pig hearts (n = 9). LVP increased 79 + 5 
and 83 = 6% (mean + S.E.) respectively with 1076 M glucagon. 
However, although cAMP increased markedly during one to five 
minute exposure to the same doses of glucagon in rat heart, it did 
not increase in guinea pig heart. Thus, 1076 M glucagon, the 
maximally effective dose, increased cAMP from 1.4 = 0.1 (n = 18) 
to 2.6 = 0.2 picomoles/mg protein (n = 15) in the rat in contrast to 
the corresponding values in the guinea pig of 1.8 £0.1 fo = 21) 
and 1.7 = 0.2 (n= 19). Similarly, with or without 1074 M GTP 
as a cofactor, 107° M glucagon increased rat heart adenyl cyclase 
activity by 110 = 17% (p < .01, n = 14) but failed to augment 
guinea pig homogenate or particulate adenyl cyclase activity at 
any dose (control activity = 28 +3 pmoles/mg/minute; activity with 
1076 M glucagon = 29 £ 3, n = 15). Thus, glucagon augments 
guinea pig heart contractility by a mechanism distinct from stimu- 
lation of cAMP synthesis. Accordingly, the positive inotropic 
effect of glucagon should not be attributed to accumulation of 
myocardial cAMP. 


CORONARY BLOOD FLOW IN ACUTE MYOCARDIAL INFARCTION IN MAN 
Morrison Hodges, M.D., Toshio Akiyama, M.D., Theodore L. 
Biddle, M.D., Douglas L. Roberts, M.D., and Bruce Wynar, 
B.A., Univ. of Rochester Med. Ctr., Rochester, N.Y. 


Coronary blood flow (CBF) in patients with acute myocar- 
dial infarction has been reported to be normal by investi- 
gators using radioactive iodoantipyrine injections or 
coronary sinus thermodilution techniques. We have meas- 
ured CBF in 5 patients with uncomplicated acute myocar- 
dial infarction, within 48 hours of pain onset, using the 
gas chromatograph technique of Klocke. Each patient 
breathed a helium (He)-oxygen mixture for at least 30 
minutes. The patient was then switched to breathing room 
air. Sequential samples of coronary sinus and arterial 
blood were taken for 20 minutes, and analyzed for He on a 
gas chromatograph. CBF was calculated from the resultant 
curves. This technique has the following advantages: a) 
poorly perfused myocardium is presumably saturated with 
He prior to washout, allowing such areas to be represented 
in coronary sinus blood; b) the sensitivity of the gas 
chromatograph allows resolution of the curve to less than 
1% of the peak He concentration; c) the magnitude of a 
persistent coronary sinus-arterial difference may be re- 
lated to the size of ischemic areas. Persistent coronary 
sinus-arterial differences were present at 20 minutes in 
all patients. Average CBF (m1/100 g per min) was 
47.5+3.7 (SEM). When only a 10 minute washout was assum- 
ed, CBF was 54.9+3.8 (p <.001, when compared with 20 min 
curve). When the curves were analyzed to 10% of peak 
concentration, CBF was 64.9+5.3 (p <.001). Myocardial 

02 consumption was 5.67+.54 m1/100 g per min. We con- 
clude that overall CBF was reduced in our patients with 
acute myocardial infarction. Differences in technique 
probably account for our variance from reported values. 
In addition, our technique may provide qualitative infor- 
mation regarding the size of ischemic areas. 
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PHENYLEPHRINE-INDUCED ATYPICAL CHEST PAIN IN 
PATIENTS WITH PROLAPSING MITRAL VALVE LEAFLETS 
Jerome Hoffman, MA; William Shell, MD; Joel Karliner, MD; 
Robert A. O'Rourke, MD, FACC, University of California, 
School of Medicine, San Diego, California 


The syndrome of mid-systolic click (MSC) and late systolic murmur 
(LSM) is associated with mild mitral regurgitation. Since patients 
with MSC and LSM often have atypical chest pain, abnormal 
ECGs and arrhythmias, we evaluated the effect of increasing sys- 
tolic arterial pressure on these signs and symptoms. The phono- 
cardiogram, ECG and BP were monitored before and during intra- 
venous phenylephrine (P) infusion (33 yg/min) in 5 women (age 19 
to 63) with this syndrome. Four had experienced episodes of 
atypical chest pain; 2 had abnormal resting ECGs; all 5 had MSC; 
3 had LSM and | had a pansystolic murmur. In each patient the 
diagnosis of billowing mitral leaflet was confirmed by echocardio- 
graphy and/or LV cineangiogram. A standard interview protocol 
was used to evaluate chest pain so that subjectivity was minimized. 
During P infusion there was an increase in the mean systolic BP 
from 126423 (SD) to 163519 mm Hg (p < .001) with no change in 
the mean HR of 74 beats/min (range 68 - 80, p >.5). Three of 
the 4 patients with previous atypical chest pain developed this 
symptom at the peak systolic pressure during P infusion. In each 
instance pain disappeared as the arterial pressure returned towards 
control. During P infusion the MSC increased in intensity and 
occurred later in systole in all 5 patients. The LSM became long- 
er in 2 patients. In 1 patient, multiple PVCs appeared during P 
infusion. In the 3 patients who had coronary arteriography, there 
was no coronary artery disease. These data indicate that chest 
pain and arrhythmias in patients with billowing mitral leaflets 

can be induced by increasing systolic arterial pressure. 


EFFECTIVENESS OF DOPAMINE IN PATIENTS WITH 
CARDIOGENIC SHOCK 

John Holzer, MD; Joel S. Karliner, MD; Robert A. O'Rourke, 
MD, FACC; William Pitt, MD; John Ross, Jr., MD, FACC, 
University of California, School of Medicine, San Diego, Calif. 


Dopamine was evaluated in 24 patients with cardiogenic shock 
(systolic blood pressure < 80 mm Hg using an intra-arterial needle, 
urine flow <20 ml/hr). Dopamine was not given until hypovolemia 
was corrected as judged by left ventricular filling pressure (18 
patients) or central venous pressure. Twelve patients survived the 
shock episode, five of whom are alive two to five months later. 
The survivors include: all six patients (100%) in shock after open 
heart surgery; three of ten (30%) with acute myocardial infarction; 
one of four (25%) with severe heart failure; and two of four (50%) 
in shock after noncardiac surgery. Seven patients received no 
pressor other than dopamine, including six of the twelve survivors. 
In non=survivors hourly urine flow increased from 1022.3 (SEM) to 
a maximum of 101255 ml/hr, while in survivors there was a larger 
increment (p < .001) from 1726.4 to 250259 ml/hr. In eight sur- 
vivors left ventricular filling pressure decreased during dopamine 
infusion from 2742.4 to 1842.3 mm Hg (p ¢.05), while in ten 
non-survivors it was unchanged (27 mm Hg). In survivors, main- 
tenance doses of dopamine averaged 722.3 yg/kg/min. In three 
of four patients receiving intraaortic balloon counterpulsation, two 
of whom survived, dopamine augmented urine flow from an average 
of 20 to 208 ml/hr. We conclude that dopamine is useful, either 
alone or in conjunction with other pressor agents, for the treatment 
of cardiogenic shock, particularly in patients with diminished 
urine flow and hypotension after cardiopulmonary bypass. 


ABSTRACTS 


MECHANISM OF PHOSPHOCREATINE PRODUCTION COUPLED TO 
CARDIAC MITOCHONDRIAL ELECTRON TRANSPORT 

William E. Jacobus, Ph.D., and Albert L. Lehninger, Ph.D. 
Johns Hopkins School of Medicine, Baltimore, Md. 21205 


Only 10% of the creatine phosphokinase (CPK) of rat 
heart muscle appears in the cytosol fraction. The rest 
is divided between the mitochondrial (40%) and the 
fibrillar-membranous (50%) fractions. This distribution 
is in marked contrast to that in either skeletal muscle 
or brain: soluble 90%, bound 10%. The mitochondrial CPK 
isoenzyme is membrane-bound but localized outside the 
atractyloside-sensitive barrier. In intact rat heart 
mitochondria (RHM) this isozyme specifically requires 
ADP or ATP, its optimal pH for ATP formation is 6.7 and 
for CrP formation is 8.0, and its kinetic parameters are 
Km (ADP)=35 uM, K,,(CrP)=720 uM, Vmax=2 |U/mg, values which 
differ considerably from those for the cytosol CPK form. 
When respiring intact RHM in state 4 are supplemented 
with excess creatine, 10 mM, respiration is stimulated 
and CrP is formed, but only after the addition of ADP or 
ATP in catalytic amounts. The CrP/oxygen (succinate) 
ratio is 1.74. ATP in the matrix is not reactive with 
this isozyme. When the system becomes anaerobic, CrP 
formation halts. Under the same conditions, rat liver 
mitochondria supplemented with equivalent purified cyto- 
plasmic CPK will not duplicate these properties. Mito- 
chondrial CPK is thus strategically located so that 
creatine can serve as phosphate acceptor and thus trans- 
port ~P into the sarcoplasm. Moreover, the specific 
activity of RHM CPK is 24-fold greater than that of 
nucleoside diphosphokinaSe, suggesting that the pathway 
to phosphocreatine dominates over the phosphorylation of 
other NDP's. (Supported by NIH grant GM 05919, NHLI 
MIRU contract PH 43 67-1444, and by the Heart Association 
of Maryland.) 


THE EFFECT OF REESTABLISHING CORONARY BLOOD FLOW 
ON THE RELEASE OF CREATINE PHOSPHOKINASE - MB 
ISOENZYME IN EXPERIMENTAL MYOCARDIAL INFARCTION 
Jay M.M.Jarmakani, M.D. ,Lee E.Limbird,B.S.,Thomas 
C.Graham,D.V.M.,Donald B. Hackel,M.D.,Galen S. 
Wagner, M.D. ,Charles R.Roe,M.D.,Duke Medical Center 


To define the relationship between the onset of myocardial 
necrosis and observed serum Creatine Phosphokinase 
(CPK) and CPK-MB isoenzyme, the serum CPK isoenzyme 
was determined in chronically prepared awake mongrel 
dogs which were divided into three groups. I. Control 
group with no occlusion (n=7); II. 45 minute occlusion 

of the left circumflex coronary artery (LCCA) (n=8); and 
III permanent occlusion of the LCCA (n=8). Blood 
samples were obtained before occlusion, and serially for 
24 hours. All animals were then sacrificed and examined 
pathologically. In the control group there was neither 
detectable CPK-MB form, nor myocardial necrosis. In 
group II the CPK-MB was positive immediately after LCCA 
release. All dogs in this group had myocardial necrosis 
averaging 6% (range: 3-15%) of LV wall volume. In group 
III the CPK-MB form was not observed until 4-9 hours 
after occlusion, and all dogs had myocardial necrosis 
which averaged 34% (range: 28-46%) of the LV wall. 
These results indicate that the CPK-MB isoenzyme is 
released from the cell immediately following necrosis, but 
its detection peripherally appears to depend in part on 
the adequacy of myocardial profusion. 
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ABSTRACTS 


OUTPATIENT DRUG THERAPY FOR VENTRICULAR ARRHYTHMIAS 

V. Michael Jelinek, MD; Leif A. Lohrbauer, MD; Bernard 
Lown, MD, -FACC, Harvard School of Public Health and the 
Peter Bent Brigham Hospital, Boston, Massachusetts 


A method was evolved for evaluating efficacy of anti- 
arrhythmic agents (AA) against frequent or repetitive 
ventricular premature beats (VPB) in patients with heart 
disease. This consisted of use of maximal exercise 
testing (MXT) and/or 12-24 hours ambulatory monitoring 
(MON) during control periods and after 3 days of AA. The 
antiarrhythmic effect of 3 g and 6 g per day of procain- 
amide (P) was compared with 1.2 g and 1.8 g per day of 
quinidine sulfate (Q). Therapy was deemed effective if 
repetitive VPB were abolished or frequent VPB were re- 
duced by 75% during MXT or MON. The AA protocol was 
completed by 17 patients. AA therapy was effective in 

9 cases but in 2 was associated with intolerable side 
effects. Q was effective in 6 cases, in 5 at higher 
doses only. P was effective in only 2 cases, both at 

6 g per day. MXT and MON were performed together in 

14 cases and MON gave results inconsistent with MXT in 
2 cases. We concluded: 1) 7 of the 17 patients had 
satisfactory AA control without disabling side effects. 
2) Highér dose P and Q are required to control VPB but 
are less well tolerated. 3) MXT and MON are rational 
methods for evaluating AA. 4) AA therapy requires an 
individual approach with knowledge of the reproduc- 
ibility of the arrhythmia by MXT and MON in each un- 
treated patient. 


ACUTE MYOCARDIAL INJURY FOLLOWING AORTOCORONARY BYPASS 
SURGERY. 

Santosh Kansal, MD; David Roitman, MD; L. Thomas 
Sheffield, MD; Nicholas T. Kouchoukos, MD, University of 
Alabama, Birmingham, Alabama. 


This study was carried out to assess the incidence of 
acute myocardial injury following aortocoronary bypass 
surgery. This was evaluated by studying serial electro- 
cardiograms (ECG), serum glutomate oxalate transaminase 
(SGOT), lactic dehydrogenase (LDH) and creatine phospho- 
kinase (CPK). A-total of 151 patients (136 males and 15 
females) were studied. The mean age of male and female 
patients was 49.1 and 53.1 years respectively. Sixty- 
three percent of all the patients had past history of 
myocardial infarction (MI). Fifteen patients (9.9%) 
developed new MI at a mean interval of 40 hours following 
surgery. Six patients had anterolateral, 5 anteroseptal, 
3 inferior and one posterior MI (Group I). Thirty-three 
patients (21.8%) had significant ST-T changes without Q 
wave (Group II) and 103 patients had no or minor ECG 
changes (Group III). Mean postoperative SGOT values 
were: Group I, 126.2; Group II, 100.6 and Group III, 
72.8. Only the difference in SGOT values between Group I 
and Group III was significant (P< 0.01). No significant 


difference was found among the groups' LDH and CPK values. 


There was no correlation between type and site of surgery 
and incidence of MI. There were 5 deaths (3.3%), three 
during or shortly after surgery, one on the 4th post- 
operative day of pulmonary embolism and one on the 6th 
postoperative day of MI. 


Thus although the mortality rate in this study was only 
3.3%, the overall occurrence of myocardial injury, 
infarction or death was 35% for this widely employed 
elective procedure. 


THE VENTRICULAR ORIGIN OF BIDIRECTIONAL TACHYCARDIA 
John A. Kastor, M.D., FACC; Bruce N. Goldreyer, M.D., 
Hospital of the University of Pennsylvania, Phila. Pa. 


A junctional focus with right bundle branch block and 
alternating conduction in the two fascicles of the left 
bundle branch has been postulated to be the mechanism of 
bidirectional tachycardia (BT). To test this hypothesis 
electrophysiological hemodynamic and angiographic studies 
were performed on a woman with mild hyperkalemic periotic 
paralysis and asymptomatic BT of at least 8 years' dura- 
tion. Multiple surface electrocardiograms and His bundle 
and right atrial electrograms revealed that: 1) all beats 
during BT originated in the ventricles; 2) the two forms 
of ventricular beats in the BT had qR patterns in lead 
Vl (suggesting left ventricular origin) and axes in the 
frontal plane of -75° and +120°; 3) the interectopic 
interval of the 2 forms of QRS in BT was relatively fixed 
at 450-470 msec; 4) the runs of BT always terminated with 
the beat with right axis deviation; 5) fusion between 
sinus beats and one of the 2 forms of ventricular beats 
produced multiform complexes observed on the electrocar- 
diogram. The sinus beats showed only slight T-wave ab- 
normalities; their A-H and H-V intervals were normal. 
Lidocaine and atrial pacing at an interval of 500 msec 
suppressed the arrhythmia. Although chronic hypokalemia 
(about 3.2 mEq/L) was induced by acetazolamide to treat 
the periotic paralysis, administration of potassium 
chloride to a blood level of 5.4 mEq/L and of procaina- 
mide did not affect the arrhythmia. Hemodynamic, left 
ventricular and coronary angiographic studies were nor- 
mal. Bidirectional tachycardia in this case originated 
in the left ventricle and was unassociated with digitalis 
intoxication or demonstrable nonelectrical cardiac 
pathology. 


EFFECT OF 6-HYDROXYDOPAMINE ON OUABAIN-INDUCED ARRHYTHMIA 
Gerald J. Kelliher and Jay Roberts Dept. of Pharmacology 
Medical College of Pennsylvania, Philadelphia, Pa. 

A great deal of evidence suggests that the sympathetic 
innervation of the heart is important in the arrhythmo- 
genic activity of digitalis. The present study was under- 
taken to examine the effects of the catecholamine deplet- 
ing agent 6-hydroxydopamine (6-OHDA) on the arrhythmogen- 
ic activity of ouabain. Ouabain was infused continuously 
at the rate of 2 ug/kg/min to Dial-urethane anesthetized 
cats with intact vagus nerves, and the dose required to 
produce premature ventricular contractions (PVC), ventri- 
cular tachycardia (VT) or ventricular fibrillation (VF) 
determined. Pretreatment with 6-OHDA 40 mg/kg, s.c. 48 
hours prior to the experiment increased the dose of 
ouabain necessary to produce PVC from 78+4 to 140+36 
ug/kg (p<.10); VT from 877 to 148433 ug/kg (p<.05); and 
VF from 114+6 to 190427 ug/kg (p<.01). When 6-OHDA was 
administered 20 min after the start of the ouabain in- 
fusion and before any electrocardiographic signs of 
arrhythmia had developed, there was a marked decrease 
in the dose of ouabain necessary to produce PVC from 
78t4 to 44+7 ug/kg (p<.001); VT from 87+7 to 5043 ug/kg 
(p<.02) and VF from 11446 to 73+11 ug/kg (p<.01). These 
data suggest that the initial catecholamine releasing 
action of 6-OHDA enhances the cardiac toxicity of ouabain 
when it is administered concomitantly with the glycoside. 
The data also indicate that the arrhythmogenic action of 
ouabain is related, at least in part, to an action on the 
sympathetic innervation of the heart and that the anti- 
arrhythmic effect of 6-OHDA is due to a reduction in 
sympathetic influences on the heart. 
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EVALUATION OF A ONE-YEAR GRADUATED EXERCISE PROGRAM FOR 
MEN WITH ANGINA PECTORIS BY PHYSIOLOGIC STUDIES AND 
CORONARY ARTERLOGRAPHY 

Charles C. Kennedy, MD; Ralph E. Spiekerman, MD; 

Malcolm I, Lindsay, Jr., MD; Robert L. Frye, MD, FACC; 
Harold T., Mankin, MD, Mayo Clinic, Rochester, Minnesota; 
John D. Cantwell, MD, Atlanta, Ga.; Norris B. Harbold,Jr. 
MD, Charlotte, N.C. 


To assess the effect of a long-term exercise program on 
exercise tolerance, left ventricular (LV) hemodynamics, 
coronary collateral circulation (CCC) and psychodynamics, 
8 men ages 45-52 with stable angina pectoris were evalu- 
ated prior to and on completion of a l-year graduated 
exercise program. This consisted of a complete physical 
examination, appropriate laboratory tests, treadmill test- 
ing (TT) with electrocardiographic (ECG) monitoring, mea- 
surements of oxygen uptake (VOD) and cardiac catheteri- 
zation for study of LV hemodynamics and coronary arterio- 
graphy. At 3-month intervals, TT and VO2 were obtained. 
Exercise sessions held 3 times each week emphasized grad- 
uated sustained effort exercises working towards a 7585% 
maximal pulse rate. 5 of the 8 patients had a definite 
increase in exercise tolerance. V02 (-130 cc to 855 cc) 
decreased while measured at a specified work level on the 
treadmill. 2 had no change and 1 had an increase (VO2 
increasing 250 cc). These 3 had a positive correlation 
with less regular attendance. LV end diastolic pressure 
(LVEDP) increased in 7 patients from a mean of 16 mm Hg 
to 20 mm Hg. LVEDP decreased from 19 mm Hg to 15 mm Hg 
in l patient. The cargiac index increased in all patients 
from a mean of 3.9 L/M* to 4.4 L/M*, Mean arterial pres- 
sure decreased from 105 mm Hg to 102 mm Hg. No increase 
in CCC was noted. 3 of 6 patients with abnormal stress 
ECG's had a decrease in magnitude of ischemic change dur- 
ing the year. All experienced a decrease in angina, an 
increase in self-esteem and developed a more positive 
attitude towards their work and disability. 


THE VENOCONSTRICTOR PROPERTIES OF ISOPROTERENOL: DEPEN- 
DENCE ON THE LEVEL OF ENDOGENOUS SYMPATHETIC TONE 

James King, MD; Dean T. Mason, MD, FACC; Ezra A. Amsterdam 
MD, FACC and Robert Zelis, MD, FACC, Dept. Med., Univ. 
Calif. Sch. Med., Davis, Ca. 


The frequent use of isoproterenol (ISO) for the augmenta- 
tion of myocardial contractility in heart failure has 
prompted considerable investigation into the mechanism of 
its inotropic and circulatory effects. Although the arte- 
riolar dilator capacity of ISO is well documented, its ef- 
fects on venous tone are unclear and may depend on endoge- 
nous sympathetic tone. Therefore, ISO was infused intra- 
arterially in nine normal volunteers and forearm blood 
flow (FBF) and venous volume (VV[30]) was measured ple- 
thysmographically during body heating and cooling. FBF in- 
creased from 4.75 to 7.04 (p>.05), 11.7 (p<.01), 14.38 
(p<.01) and 20.44 (p<.01) ml/min/100 ml with ISO at .123, 
.247, .494 and 1.23 ug/min respectively with body heating, 
but only increased from 2.01 to 2.30 (p>.2), 3.41 (p>.05), 
5.66 (p<.02), 7.13 (p<.01) with ISO during body cooling. 
Although this suggested that the resistance vessels were 
more sensitive to ISO when dilated by thermal sympatholy- 
sis, the percent increase in FBF was not significantly 
different (p>.5). Basal VV[30] was less during cooling 
(2.22 cc/100 cc) than heating (3.42 cc/100 cc, p<.05), the 
lower VV[30] indicating a significant venoconstriction. 
When the subjects were warm, only the two higher dose lev- 
els of ISO produced a constriction (AVV[30] -10.2% (p<.01); 
-14.7% (p<.01). During cooling a venoconstriction was seen 
at three upper levels of ISO AVV[30], -34.4% (p<.01), 
-32.8% (p<.01), -38.5% (p<.01) cc/100 cc. At each dose the 
venoconstriction with ISO was significantly greater when 
the subject was cooled. Thus in acute heart failure where 
sympathetic tone is high, ISO might be expected to signif- 
icantly augment venous return. 


ABSTRACTS 


PULMONARY ARTERY HYPERTENSION AFTER REPAIR OF TETRALOGY 
OF FALLOT 

Robin H. Kinsley, MD; Douglas D. Mair, MD; Gordan K. 
Danielson, MD, FACC; Robert B. Wallace, MD; Dwight C. 
McGoon, MD, Mayo Clinic and Mayo Foundation, Rochester, 
Minnesota. 


Sixty-one of 1,000 patients undergoing complete repair of 
tetralogy were found to have pulmonary arterial hyperten- 
sion (PAP>50 mm Hg or PAP/LV>0.5) in the operating room 
after repair. Analysis of this experience showed that 
the prognostic significance of increased PAP depends on 
its cause, reversibility, and severity. Four deaths 
occurred in the 39 patients with major peripheral pulmo- 
nary arterial obstruction (group 1). Of 12 patients with 
Potts shunts (group 2), all 5 with severe arteriolar 
disease died. Five of 6 patients with a residual VSD 
(group 3) died. Mortality tended to be greater when 
PAP/LV was higher. Pulmonary annular hypoplasia and the 
need for patch reconstruction was usual in group 1 but 
exceptional in group 2. Repeat cardiac catheterization 
in 17 patients showed decreased PAP in 5 patients, due 

to either development of an RV-PA gradient or a return 

of pulmonary vascular resistance to normal. The sole 
survivor with a residual VSD developed severe pulmonary 
arteriolar disease within 2 years even after successful 
reoperation. Late results were good in groups l and 2 
but tragic in group 3, indicating the necessity of ruling 
out residual VSD promptly whenever pulmonary hypertension 
exists after discontinuation of extracorporeal circula- 
tion. 


cAMP-DEPENDENT PROTEIN KINASE-CATALYZED PHOSPHORYLATION 
OF CARDIAC MICROSOMES; RELATIONSHIP TO CALCIUM UPTAKE 
Madeleine A. Kirchberger, PhD, Michihiko M. Tada, MD, 
PhD, Doris I. Repke, CT, Sylvia Yoshioka, BA, and Arnold 
M. Katz, MD, FACC, Mount Sinai School of Medicine of the 
City University of New York, New York, N.Y. 


We have recently demonstrated marked enhancement of car- 
diac microsomal (sarcoplasmic reticulum) Ca-uptake by 

a partially purified cAMP-dependent protein kinase 
(cAMP-PK). To relate enhanced Ca-uptake to cAMP-PK- 
catalyzed phosphorylation, dog heart microsomes (0.5 mg/ 
ml) were incubated at 30° in 2.5 mM Tris-oxalate, 0.1 M 
KCl, 7.5 x 10-7 M Cat+ (Ca-EGTA buffer) and 40 mM histi- 
dine buffer, pH 6.8; also present were cAMP or cAMP-PK. 
After 5 min preincubation, 5 mM Mg-y-3°P-ATP was added 
to start the reaction. Reactions were stopped with 10% 
TCA + 1 mM KHoPO),, and labelled protein was washed and 
counted. Both rate and extent of phosphorylation were 
slightly increased by cAMP or cAMP-PK alone, but were 
increased 2 to 4-fold by cAMP-PK in the presence of cAMP. 
Half-maximal stimulation of phosphorylation was observed 
at about 2 x 107! M cAMP in the presence of cAMP-PK. 
Stimulation of phosphorylation by cAMP-PK was most 
marked during the first 5 min. Phosphorylation was in- 
dependent of Catt concentration from 1079 to 1077 M, 

and decreased slightly from 107! to 10-° M Catt. The 
time course, cAMP dose-response, and response to Catt 
of cAMP-PK-catalyzed microsome phosphorylation are simi- 
lar to those observed for cAMP-PK stimulation of micro- 
somal Ca-uptake. These studies thus support the view 
that cAMP-PK-catalyzed phosphorylation causes increased 
Ca-uptake by cardiac microsomes. 
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ABSTRACTS 


COMPARATIVE EVALUATION OF SUBLINGUAL LONG ACTING 
NITRATES IN ANGINA PECTORIS 

Andrew Klaus, MD, Barry Zaret, MD, Bertram Pitt,MD, Richard 
S. Ross, MD, FACC 

Johns Hopkins Hospital and University, Baltimore, Maryland 


Ten patients with angina performed two exercise tests on five con- 
secutive days to determine the efficacy and duration of action of 
three sublingual long acting nitrates (LAN): isosorbide dinitrate 5 
mg (ISD), erythrity! tetranitrate 10 mg (ETN), and penaerythitol 
trinitrate 10 mg (PET). In a double blind protocol the mean dur- 
ation of exercise 45 and 100 minutes after administration of LAN 
were compared with the mean duration of exercise 45 minutes after 
placebo and also 4 and 50 minutes after nitroglycerin 0.4 mg. 
Mean duration of exercise 4 minutes after nitroglycerin was 89.3 
seconds compared to 60.5 seconds after placebo (p<0.001); no 
difference from placebo was found 50 minutes after nitroglycerin. 
Mean duration of exercise 45 minutes after ETN, ISD, and PET 
were 89.1, 87.5 and 87.5 seconds respectively and were all dif- 
ferent from placebo (p<0.01). Mean duration of exercise for the 
group 100 minutes after each LAN was not significantly different 
from placebo but 5 of the 10 patients had prolongation at 100 
minutes equal to that at 45 minutes with at least one LAN. 
Sublingual LAN significantly imprve exercise capacity at 45 but 
not at 100 minutes after administration. While these drugs appear 
to be useful as a prophylaxis for angina they should not be given 
on a fixed schedule 3 to 4 times a day as is currently the practice. 


THE ANTI-FIBRILLATORY EFFECT OF DIMETHYL QUATERNARY 
PROPRANOLOL (UM-272). 

Frank J. Kniffen, B.S.; Benedict R. Lucchesi, Ph.D., M.D.; 
University of Michigan Medical School, Ann Arbor, Mich. 


UM-272, (N,N,-Dimethyl-1l-isopropylamino-3- I-naphthyloxyl 
propan-2-ol), a quaternary derivative of propranolol, 
lacks both -adrenergic receptor blocking activity and 
local anesthetic activity. UM-272 demonstrates anti- 
arrhythmic effectiveness against digitalis-induced 
arrhythmia, and ectopic ventricular rhythms occurring 48 
hrs. after two-stage coronary ligation. The anti-fibril- 
latory effectiveness of the agent, in acute coronary 
artery ligation studies and fibrillation threshold 
measurements were performed in anesthetized mongrel dogs. 
Pretreatment with UM-272, 10 mg/kg, lowered the incidence 
of ventricular fibrillation after a 20 min. single-stage 
coronary artery ligation from 100% to 40% in the treated 
group. The incidence of premature ventricular contrac- 
tions after treatment, was reduced to 20% from a control 
value of 100%. The vulnerability to fibrillation was 
assessed using trains of 60 Hz square wave pulses of 5 mA 
in intensity and 2 msec in duration. UM-272, 5 mg/kg, 
raised the mean fibrillation threshold from 322 msec + 
20 SEM to 599 msec + 76 SEM, an increase of 185%. After a 
total dose of 10 mg/kg, none of the five experimental 
animals fibrillated utilizing the same test parameters. 
When the strength of the 60 Hz pulse was raised to 10 mA, 
only short bursts of ventricular tachycardia were 
observed. The time course of vulnerability to fibril- 
lation after experimental coronary occlusion was studied 
in the presence and absence of UM-272. In control experi- 
ments, occlusion produced a 64% decrease in the duration 
of the train necessary to induce ventricular fibrillation. 
This was raised to 124% of control after UM-272, 5 mg/kg. 
The results indicate that UM-272 possesses potent anti- 
fibrillatory properties. 


EFFECTS OF SYMPATHETIC NERVE BRANCH STIMULATION ON VEN- 
TRICULAR RECOVERY PROPERTIES AND CARDIAC RHYTHM 

Fany Kralios, MD; Luis Martin, MD; Kay Millar, MD; Mary 
Jo Burgess, MD, University of Utah, Salt Lake City, Utah. 


The cardiac distribution of right and left stellate fi- 
bers has been shown to differ, providing an explanation 
for ECG neurogenic ST-T abnormalities. In the present 
study in 27 dogs distribution of individual nerves was 
determined by refractory period (RP) changes induced by 
stimulation of nerves distal to the stellate ganglia (SG). 
Basic and premature stimuli twice threshold voltage were 
applied sequentially at 20 ventricular epicardial or sev- 
eral septal sites. RP was taken as the earliest prema- 
ture stimulus resulting in propagated activation. On the 
left, stimulation of the ventrolateral cardiac nerve 
(VLCN) shortened RP's by 10 m sec or more on the poste- 
rior cardiac surface and the ventromedial cardiac nerve 
(VMCN) affected anterior and posterior surfaces with 
varying distribution and also shortened RP's in the sep- 
tum. On the right, the recurrent cardiac nerve (RCN) 
shortened RP's in the septum and on the anterior surface, 
mainly of the right ventricle. Other nerve branches had 
inconsistent effects. RP changes were associated with T 
wave changes in an ECG Y lead. Right SG, RCN, and VMCN 
stimulation inverted T waves and left SG and VLCN elic- 
ited more upright T waves, findings which are predictable 
from the RP data. Rhythm changes included sinus tachy- 
cardia during right SG and stellate cardiac nerve stimu- 
lation and AV junctional tachycardia during left SG, RCN, 
and VLCN stimulation. Findings demonstrate localized but 
overlapping cardiac distribution of individual nerves, 
providing a mechanism for localized electrophysiologic 
and contractile effects of sympathetic activity. New in- 
formation includes the localization of sympathetic effer- 
ent pathways distal to the SG and the identification of 
efferent pathways to the interventricular septum. 


PROGNOSTIC FACTORS AFTER MYOCARDIAL INFARCTION IN THE 
CORONARY DRUG PROJECT (CDP) 

W. Krol, Ph.D., S. Tominaga, M.D., J. Stamler, M.D.,FACC, 
and H. Blackburn, M.D., FACC, for the Coronary Drug 
Project Research Group, University of Maryland, Baltimore 
Maryland 


In the CDP, a National Heart and Lung Institute Collabor- 
ative Trial, the natural history of infarction was studied 
in 2035 placebo-treated men, among which 265 died in 3 
years follow-up. A ranking procedure identified the lst 
5 entry characteristics having the strongest independent 
contribution to mortality prediction: ST segment depres- 
sion in the resting ECG, cardiomegaly, diuretic therapy, 
ventricular conduction defects and intermittent claudi- 
cation. The next 5 in rank were ventricular premature 
beats, functional NYHA class, serum cholesterol level, 
size or extent of Q waves and resting heart rate. 


A multivariate risk score based on 5 factors discriminated 
those who eventually died as well as did one using 10,20, 
or 40 characteristics. Only 19 deaths actually occurred 
among men in the lowest quintile of predicted risk while 
117 occurred in the upper quintile, a risk ratio of 6.2. 
48% of eventual deaths were concentrated in men identi- 
fied in the upper 20% of predicted risk. 


The validity and universality of the risk score was estab- 
lished in an independent population. Application of the 
score to a geographically different population of infarct 
patients achleved similar predictive results. It allowed 
discrimination between men with 7-fold different risk of 
dying in a given period. This prognostic index should 
prove useful in several ways: effective classification of 
infarction patients for controlled therapeutic trials, 
identification of individuals at excess risk for closer 
monitoring, and--to the degree that risk can be modified— 
prevention of recurrent myocardial infarction. 
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LONG-TERM PROGNOSIS FOR INFANTS WITH TOTAL CORRECTION OF 
VENTRICULAR SEPTAL DEFECT 

Ehud Krongrad, MD; Donald G. Ritter, MD, FACC; William H. 
Weidman, MD; Dwight C. McGoon, MD; James W. DuShane, MD, 
Mayo Clinic and Mayo Foundation, Rochester, Minn, 


Twenty-three patients (pts) with ventricular septal de- 
fect (VSD), congestive heart failure, and severe pulmonary 
hypertension had total surgical repair when they were <2 
years old, All had hemodynamic evaluation from 1 to 14 
years (mean, 8 years) after surgery. At follow-up, pul- 
monary artery pressures (PAP) ranged from 14/7 to 38/14 

mm Hg, the cardiac index (CI) from 2.7 to 6.6 L/min/m‘, 
and total pulmonary resistance (Rp) from 1.7 to 4.4 units 
mĉ. PAP decreased postoperatively in all pts. Exercise 
tests in six pts and 12% 0O breathing in seven pts showed 
a normal response of the pulmonary vascular bed in all 

but one. The results indicate that successful surgical 
closure of large VSD in infants (<2 years old) is not 
associated with late development of the pulmonary vascular 
obstructive disease that occurs in some pts if the VSD 

is closed later in life. The data favor total correction 
of large VSD associated with severe pulmonary hypertension 
during the first 2 years of life, 


OBSERVATION ON HUMAN LEFT VENTRICULAR ENDOCARDIAL 
ACTIVATION SEQUENCE. Ehud Krongrad; Albert L. Waldo; 
Joel Kupersmith; Alan L. Saroff; Frederick 0. Bowman; 
James R. Malm; Brian F. Hoffman, Departments of 
Pediatrics, Pharmacology and Surgery, College of 
Physicians and Surgeons, Columbia University, New York 
New York, 10032 


Knowledge of the precise activation sequence of the 
left ventricular endocardium in man will provide insight 
into the normal and abnormal QRS genesis. The left 
ventricular endocardial activation sequence was delinea- 
ted in 8 patients during open heart surgery. Bipolar 
electrograms were recorded through a specially designed 
electrode catheter with 6 pairs of bipolar electrodes 
10 mm. apart, placed at 5 different positions inside the 
left ventricle for a total of 30 endocardial recording 
sites, Electrograms of the specialized conduction system 
were recorded more frequently along the interventricular 
septum than the posterior left ventricular wall. Earliest 
activation of the left ventricular myocardium occurred 
simultaneously at points 3 to 5 cm from the mitral valve 
annulus along the interventricular septum and anterior 
and posterior left ventricular wall. These simultaneous 
points produced a circle of early endocardial activation 
around the mid left ventricle which then spread in a bi- 
directional front to the apex and base of the left ventri- 
cular endocardium. Our results indicate that early left 
ventricular endocardial activation results from spread of 
excitation from an extensive circular network of special- 
ized conductive tissue with multiple points of entry in 
the mid left ventricle rather than in a discrete anterior 
posterior relationship. 


ABSTRACTS 


STUDIES IN PACING OF THE HUMAN SPECIALIZED CON- ° 
IDJCTION SYSTEM DURING OPEN HEART SURGERY 

Joel Kupersmith, MD; Ehud Krongrad, MD; Alan L. Saroff, MD; 
Albert L. Waldo, MD, Department of Pharmacology,’ College 
of P. andS., New York, N.Y. 


Pacing of the specialized conduction system (SCS) has been sug- 
gested in order to precisely localize the site of origin of the pre- 
viously recorded SCS electrograms. This study was designed to 
determine if selective SCS pacing can be performed in humans and 
if by SCS pacing the site of origin of SCS electrograms canbe 
localized. 18 patients undergoing open heart surgery were studied 
with direct visualization of the heart. Using standard electrophys- 
iologic techniques, recordings were made of ECG's and electro- 
grams from the proximal (pHB)and distal (dHB) His bundle and 
the right (RBB) and left (LBB) bundle branches. Stimuli were 
then applied at these SCS sites. Varying responses to these 
stimuli were observed. Stimuli applied to the pHBcaused either 
selective pHB or synchronaus pHBand atrial pacing. Stimuliap- 
plied to the dHB in the right ventricle caused dHB and/or ven- 
tricular pacing. When stimuli of high amplitude were applied to 
the dHB, ventricular pacing always occurred. Stimuli applied to 
the RBB caused either ventricular or synchronous ventricular 
and RBB pacing. When ventricular pacing occurred in the right 
ventricle, either with stimuli applied to the dHB or RBB, the . 
ECG resembled LBB block. In the left ventricle, selective dHB 
pacing could be performed with stimuli applied to the membran- 
ous septum, while ventricular or synchronous ventricular and 
LBB pacing occurred with stimuli applied to the LBB. Atall pHB 
or dHB sites, thresholds for selective SCS pacing were lower 
than previously reported by the cardiac catheter technique. 
These observations indicate that: 1) Selective His bundle pacing 

can beperformed in the humanright atrium and right and left ventri- 
cles. 2) Thresholds for human His bundle pacing are lower than 
previously reported. 3)Similar ECG's can be produced by stimuli 
applied to the dHB or RBB. Therefore by SCS stimulation one 
cannot necessarily differentiate dHB and RBB electrograms. 


PROGNOSIS OF RIGHT BUNDLE BRANCH BLOCK AND MARKED AXIS 
DEVIATION IN AN OUTPATIENT POPULATION 

Andre Lainesse, MD; Concepcion Singson, MD; Sidney 
Alexander, MD, FACC, Lahey Clinic Foundation, Boston, 
Massachusetts. 


The development of acute right bundle branch block 
(RBBB) and marked axis deviation (MAD) during acute myo- 
cardial infarction (AMI) is associated with a very high 
mortality. In the absence of acute symptoms, prognosis 
and treatment of patients with similar chronic conduc- 
tion abnormalities is less well defined. This study 
was performed to determine the mortality of such pa- 
tients and to compare their prognosis with a carefully 
selected control population. All 12,751 electrocardio- 
grams (ECG) taken on outpatients at the Lahey Clinic 
during 1967 were reviewed. RBBB was present in 128 
persons (l percent) whose average age was 66. Follow- 
up was achieved in 100 percent of patients, averaging 

4 1/2 years. Mortality for the entire RBBB group was 
-27 percent (34/128) compared to 31 percent (40/128) for 
the control group. Forty of the RBBB group also had 
left axis deviation with a mortality of 32 percent 
(13/40). Right axis deviation was present in 12 of the 
RBBB group with a mortality of 33 percent (4/12). Mor- 
tality in the group with normal or indeterminate axis 
was 22 percent (17/76). Chronic complete heart block 
was rare, and pacemakers were used in only two pa- 
tients. These data suggest that prognosis of patients 
with stable RBBB with or without MAD may be consider- 
ably better than previously suspected. Prophylactic 
pacemaker implantation, recommended by many authorities 
when chronic bifascicular block is present even in the 
absence of symptoms, does not appear to be indicated. 
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ABSTRACTS 


MANIFESTATIONS OF CONCEALED REENTRY IN THE ATRIOVENTRICU- 
LAR JUNCTION 

Richard Langendorf, M.D., FACC and Alfred Pick, M.D., 
FACC, Cardiovascular Institute, Michael Reese Hospital 
and Medical Center, Chicago, Ill. 


When the "coupling" interval of an atrial or ventricular 
echo exceeds the cycle length of the predominant rhythm, 
an attempt at reentry may remain concealed in the A-V 
junction, but may influence conduction or formation of 
one or more subsequent pacemaker impulses. Thus, con- 
cealed antegrade reentry may cause V-A block and con- 
cealed retrograde reentry may cause A-V block. Atypical 
maximal P-R increment in the last beat of a Wenckebach 
period (instead of the second) can be attributed to an 
attempted reentry towards the atria of the preceding 
sinus impulse. Concealed reentry induced by slow con- 
cealed conduction in the A-V junction may reset the 
regular cycle of an ectopic pacemaker. Moreover, a con- 
cealed attempt at atrial reentry may result in a ventri- 
cular echo, a mechanism that may simulate supernormal 
conduction or dual antegrade A-V pathways. Finally, 
concealed reentry may be repetitive and bidirectional 
and cause an unusual and hitherto undescribed form of 
second degree A-V block. All these manifestations of 
concealed reentry will be demonstrated by clinical 
examples. 


SECRETION OF ENDOGENOUS IMMUNOREACTIVE GLUCAGON 
FOLLOWING ACUTE MYOCARDIAL INFARCTION IN MAN: ITS ROLE 
IN THE PATHOGENESIS OF POST-INFARCTION HYPERGLYCEMIA 


Shlomo Laniado M.D.; Pesach Segal M.D.; Barry Esrig M.D., 
Albert Einstein College of Medicine, Bronx, New York. 


15 non-diabetic patients who were admitted to the 
ICCU were investigated to assess a possible role of 
pancreatic glucagon secretion in the pathogenesis of 
post-infarction hyperglycemia, Eight of the patients 
had acute but uncomplicated infarction, the rest suffer- 
ed from various types of chronic heart disease. 

Serial measurements of fasting plasma levels of immuno- 
reactive glucagon, insulin, growth-hormone (GH) and 
glucose were obtained during the first week following 
admission. All patients had a 3-hour oral glucose 
tolerance test (GTT) with plasma specimen analyzed also 
for the three hormones. Four of the M.I. patients 
showed post-infarction hyperglycemia (mean glucose of 
135mg%+6 SEM). This group demonstrated significantly 
higher levels of glucagon compared with the other group 
of M.I. patients Inori yous ?s) and the non-M.I. group 
(197pug/m] +14 vs. 89uug/ml +10 and 94yyg/ml +9 respect- 
ively, P<0.001), and exhibited a fall in glucose levels 
with evolution following infarction (from 150mg% +9 in 


the first three days to 118mg% +4 in the later four days), 


which was accompanied by a decline in glucagon levels 
(from 215yyg/ml +22 to 171ppg/ml +15). There was no sig- 
nificant difference in the levels of insulin or GH, or 
in the response to oral glucose loading in the 3 groups. 
It is concluded that post-infarction hyperglycemia 
may be related in certain cases to a temporary hyper- 
secretion of pancreatic glucagon, probably stimulated by 
the major stress of acute myocardial infarction. 


A NEW HYPOTHESIS TO IMPROVE: SELECTION OF PATIENTS FOR 
SAPHENOUS VEIN GRAFT SURGERY 

Eugene S. Lapin, M.D., John A. Murray, M.D., F.A.C.C., 
Robert A. Bruce, M.D., F.A.C.C., Department of Medicine 
(Cardiology), University of Washington, Seattle, Wa. 
Selection of patients for myocardial revascularization 
surgery has been based upon assessment of clinical his- 
tory and coronary anatomy relative to a given patient. 
Forty-six patients were studied prior to elective saphen- 
ous-vein bypass surgery (SVG) and at a mean of 8 months 
after surgery by a multistage treadmill test of maximal 
exercise capacity. Thirty-three had quantitative angio- 
graphy and assessment of graft patency. Twenty-seven of 
46 (50%) demonstrated significant, P>0.001, functional 
improvement, 17 were unchanged and 2 were worse. Assess- 
ment of New York Heart Association classification, con- 
gestive heart failure, mitral regurgitation, prior myo- 
cardial infarction, degree of ST-segment depression on 
exercise testing, number of coronary vessels involved 
with lesions, preoperative systolic ejection fraction, 
LVEDP, cardiac index, or ventricular contraction plot 
failed to predict which patients would have improved 
exercise performance following surgery. Prediction of 
improvement was possible only by use of preoperative 
exercise limitation, functional aerobic impairment (FAI) 
and maximal heart rate response to exertion. The more 
severe the FAI, percentage deviation from expected max- 
imum V02, and the slower the maximal heart rate, the 
better the chance of demonstrating functional improvement 
postoperatively. Sixteen of 22 (73%) with severe limita- 
tion (FAI>54%) improved, 70% with moderate impairment but 
only 4 of 14 (29%) with no or mild impairment improved. 
Graft patency was correlated with improvement (P>0.05). 
Thus it appears that functional impairment of exercise 
performance in addition to technically successful sur- 
gery are the major predictors of postoperative improvement. 


PROGNOSIS OF NON-INFARCTION CORONARY CARE UNIT PATIENTS 


Mario G. Lopes, MD; Alfred P. Spivack, MD; Donald C. 
Harrison, MD,FACC; and John S. Schroeder,MD Cardiology 
Div. Stanford Univ. School of Medicine, Stanford, Calif. 


The long-term prognosis of patients admitted to a Coro- 
nary Care Unit (CCU) who have had a myocardial infarction 
ruled out was investigated. A retrospective follow-up 
study was performed in 170 patients admitted to the CCU 
with ischemic chest pain at Stanford University Hospital 
between February, 1969 and June, 1971. All were admitted 
to the CCU to rule out a myocardial infarction but did 
not have diagnostic serial Q wave or enzyme changes. This 
patient group represented 10.5% of 1,611 patients admit- 
ted to the CCU during that period of time. Of these pa- 
tients, 80.0% (136 patients) had transient ST-T wave 
changes consistent with ischemia. There was one death in 
the hospital after discharge from the CCU. The remaining 
169 patients were followed-up by questionnaire. There 
were a total of 28 post-discharge deaths,of which 18 were 
secondary to a sudden death or death due to a myocardial 
infarction, 8 related to other cardiovascular causes, and 
2 not related to the cardiovascular system, during an 
average follow-up of 17.9 months. The 26 cardiovascular 
deaths represent an incidence of 15.4% of the total pa- 
tient group or a mortality of 10.2% per year. Review of 
the incidence and type of cardiac arrhythmias, ST-T wave 
abnormalities, and intraventricular conduction defects 
during hospitalization did not allow differentiation of 
the group who died suddenly or with subsequent myocardial 
infarction. We conclude that this group of patients de- 
serve more aggressive follow-up in an effort to prevent 
the high incidence of subsequent myocardial infarction or 
sudden death. 
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OPPOSITE EFFECTS OF PROPRANOLOL (P) AND SUSTAINED 
HANDGRIP EXERCISE (HG) ON LEFT VENTRICULAR DYSKINESIS 
Philip Ludbrook, MD; Joel Karliner, MD; Robert A. O'Rourke, 
MD, FACC, University of California, School of Medicine, San 
Diego, California 


To compare the effects of P and HG on wall motion abnormalities 
(WMA) in patients (pts) with previous myocardial infarction (MI) 
we studied 12 pts with previous Ml and WMA using radarkymography 
to record WM before and after 3 minutes of HG (15% of maximum 
voluntary contraction) as well as before and twenty minutes after 
five mg of intravenous P. Five normal subjects were also studied. 
Systolic time intervals, heart rate (HR), blood pressure and heart 
size [spine to left heart border dimension (LHD)] were measured 
before and after each intervention. In each instance P reduced 
the amplitude and velocity of WM in areas of normal movement, in 
areas of hypokinesis and in dyskinetic areas (p ¢.001) resulting in 
decreased outward bulging. P increased the ratio of the pre-ejec- 
tion period (PEP) to left ventricular ejection time (LVET) from a 
mean of 0.37740.03 (SEM) to 0.40920.03 (p <.001); decreased 
heart rate by an average of 7.5 beats/min (p <.001) and increased 
LHD from 94.322.6 to 97.312.6mm (p <.001). In contrast, HG 
decreased PEP/LVET from a mean of 0.37820.04 to 0.32510. 02 

(p <.05), increased HR by an average of 11.5 beats/min (p < .001) 
and produced inconsistent changes in LHD. As a result, HG in- 
creased the extent of paradoxic systolic outward movement in six 
pts and induced dyskinesis de novo in 3 others. HG decreased the 
amplitude of WM in hypokinetic areas (p < .01) and in areas of 
normal motion (p ¢.01). We conclude that P and HG which pro- 
duce opposite effects on HR and PEP/LVET have different effects 
on WMA, HG being a non-invasive intervention for accentuating 
LV dyskinesis in pts with previous MI. 


EVALUATION OF NON-INVASIVE TECHNIQUES FOR 
ASSESSING LEFT VENTRICULAR FUNCTION IN PATIENTS WITH 
AND WITHOUT WALL MOTION ABNORMALITIES 

Philip Ludbrook, MD, Joel S. Karliner, MD, Kirk Peterson, MD, 
George Leopold, MD, Robert A. O'Rourke, MD, FACC, University 
of California, School of Medicine, San Diego, California 


Systolic time intervals (STI), ejection fraction (EF) and the mean 
rate of circumferential fiber shortening (Vcf) have been proposed 
as measures of LV contractility. Accordingly, we measured STI 
and ultrasound (echo) dimensions in 20 patients (pts) undergoing 
biplane LV cineangiography, 8of whom had major wall motion 
abnormalities (WMA) due to coronary heart disease. In 11 pts 
without WMA, EF was normal by echo and cine (>.52) and in 8 of 
these pts the ratio of the pre-ejection period (PEP) to the LV 
ejection time (LVET) was also normal (<.417). The PEP corrected 
for heart rate (PEP index) was normal in all 11 pts K144 msec). In 
the 12th pt, EF was normal by cine, reduced by echo and the PEP/ 
LVET and PEP inde» were both abnormal. Three pts without WMA, 
including 2 with a | illowing mitral leaflet, had a reduced mean 
Vef by cine (<1.2 circumferences/sec), despite a normal mean Vcf 
by echo (1.05 circumferences/sec) and normal STI. The remain- 
ing 8 pts without WMA had echo and cine mean Vcf values and 
STI which were all either normal (5 pts) or all abnormal (3 pts) . 

In 8 pts with WMA, cine EF and PEP/LVET were both abnormal; 
but EF by echo was normal in 3of these pts. Thus, in the presence 


of WMA echo may overestimate EF because the ultrasound beam is 
not in the same plane as the abnormal wall motion. Six of the 8 
pts with WMA had reduced mean Vcf values by both echo and cine 
and in 2 pts the values were borderline; one of these had a normal 
PEP index. These data indicate that echo and STI are useful non- 
invasive methods for assessing LV performance, even in many 
patients with WMA. 


ABSTRACTS 


EFFECTS OF LOW CONCENTRATIONS OF OUABAIN ON CATION 
EXCHANGE IN CULTURED CELLS 

David McCall, M.B., Ch.B., Veterans Administration Hospi- 
tal, Cincinnati, Ohio 


Pharmacologically the cardiac glycosides specifically in- 
hibit active Na and K transport via the Na pump. Wheth- 
er they do so in therapeutic concentrations however is 
less clear. To test this, cultured cells, in which the 
sensitivity of the Na pump to glycosides is similar to 
that of other human tissue, were osed to ouabain in 
low concentrations (10-9M - 5x 10-°M) for various inter- 
vals of time ranging from 8 hours to 5 days. This re- 
sulted in an elevation of intracellular Na and fall in 
intracellular K to new steady levels both of which were 
linearly related to the concentration of ouabain used 

(r = 0,98 and r = -0.94 for Na and K respectively). 
These new steady state levels remained unchanged for up 
to 5 days. Measurements of the Na and K fluxes in cells 
treated with ouabain in this way, confirmed that low 
concentrations of ouabain did inhibit active cation 
transport. Using the passive flux measurements it was 
also possible to calculate the permeability of the cell 
membrane to these ions under the new steady state condi- 
tions, The permeability to both Na and K showed a pro- 
gressive fall with increasing ouabain concentration, In 
addition to these changes it was also found that the to- 
tal number of Na pump sites per cell, as measured by the 
binding of 3H-ouabain, increased following 24 hours ex- 
posure to ouabain, The individual Na pump turnover rates 
however did not change. These results indicate that low 
concentrations of ouabain alter the steady state ionic 
contents of the cells by a combination of reduced active 
transport, altered ionic permeability, and a change in 
the total number of Na pump sites present. 


MAXIMAL CARDIAC OUTPUT AND OXYGEN INTAKE IN PATIENTS 
WITH CORONARY HEART DISEASE 


John R. McDonough, MD, Ruth Ann Danielson, BA, 

Robert E. Wills, MD, and Donald L. Vine, MD. U.S. Public 
Health Service Hospital and University of Washington 
School of Medicine, Seattle, Washington. 


Oxygen intake (t02) by Scholander, oxygen content of 
arterial and mixed venous blood (Van Slyke) and systemic 
and pulmonary arterial pressures were m sured in 
patients aged 40-61 years of age with arteriographically 
confirmed coronary disease at supine and standing rest 
and during multistage treadmill exercise to the point of 
exhaustion. Sixty-five measurements of cardiac output 
(0) by direct Fick were performed in 9 male patients. 
Stepwise increments in work load produced nearly linear 
increases in VO? and Q up to the final 1-2 minutes of 
exercise when both parameters reached a plateau, indi- 
cating maximal values had been attained. Maximal VO> 
(mean and S.D.) of 1.767 + 0.40 L/min, and maximal Q 
of 14.24 + 3.37 L/min were below leyels for normal men 
of similar age. The regression of Q on Vo» (Å L/min = 
4,51 + 5.64 VOo L/min, n = 57, r = .86, S.E.E. = 1.82) 
was similar to normal men of the same age. During maxi- 
mal Q a further rise in heart rate was offset by a pro- 
portional fall in stroke volume This, in the presence 
of rising pulmonary arterial pressures suggested 
impaired left ventricular compliance, contractility or 
both as the mechanism restricting maximal cardiac output 
in these patients. 
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ABSTRACTS 


ISOLATED STARR-EDWARDS MITRAL VALVE REPLACEMENT: FACTORS 
INFLUENCING EARLY AND LATE DEATH AND LATE SYSTEMIC 
THROMBOEMBOLISM 

D.C. McGoon, MD, H.A. Oxman, MD, D.C. Connolly, MD, FACC, 
R.B. Wallace, MD, G.K. Danielson, MD, J.R. Pluth, MD. 
Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 


Between March, 1966 and January, 1972, 342 consecutive 
patients undergoing isolated mitral valve replacement 
(MVR) with one prosthetic model (Starr-Edwards 6120) were 
studied by the statistical method of stepwise discrimi- 
nant analysis to identify subgroups of varying risks with 
respect to early and late mortality and late systemic 
thromboembolism. Three variables were found to impor- 
tantly influence early mortality - functional class 4, 
giant left atrium, and a history of prior heart surgery. 
A range of risk was found from less than 7% for those who 
had none to 67% for those who had all three factors. Of 
the 311 patients who survived the first 30 days following 
MVR, all but three have been followed through June, 1972. 
The three most important factors that influenced late 
mortality were: age over 50, a giant left atrium, the 
presence clinically of more than one valve involved. 
Using these three variables, we were able to distinguish 
a range of late mortality at three years from 7% to 40%. 
Late thromboembolism was related to adequacy of anticoag- 
ulant therapy, presence of left atrial thrombus, and size 
of left atrium. Use of these variables gave 80% accuracy 
in determining which patients would be free of systemic 
thromboembolism at three years. Experience with this 
method of statistical analysis should allow improved 
prediction of post-surgical risk after MVR and more 
objective comparison of results using different mitral 
prostheses. 


THE SURFACE POTENTIAL CONTRIBUTION FROM DISCRETE 
ELEMENTS OF VENTRICULAR WALL: A CLOSE-CHESTED, 
POSTMORTEM-DOCUMENTED, PROSPECTIVE STUDY 

Victor W. McLaughlin, M. D., Nancy C. Flowers, M.D.,FACC, 
Leo G. Horan; M. D., FACC, Horace A. W. Killam, M. D., 
Medical College of Georgia and FHD, VA Hospital, Augusta, Ga. 


Localized and highly reproducible infarctions were induced in 10 
dogs by retrogradely positioning a guidewire into either the cir- 
cumflex or ventral interventricular branch of the left coronary artery 
and then advancing a specially-tooled metal bead ahead of a #7 
Sones catheter passed over the wire. The occluding bead was left 
in place for one week. From 142 sites on the body surface of each 
animal, potential was recorded and digitized at l-msec intervals 
throughout the QRS and T waves and then cast into serial maps of 
instantaneous surface potential distribution. Such maps, recorded 
one week after infarction, were then subtracted from the original 
baseline maps, making it possible to display "remainder" or 
"difference" maps reflecting the infarcted areas in terms of zones 
of "lost" potential patterns. When the independent contribution of 
the circumflex-supplied posterior wall was analyzed by the 
"difference" map technique, it was seen to generate large bell- 
shaped sinks of negativity on the anterior chest with maximal dis- 
placement in the mid QRS. In contrast, the leftanterior free wall 
and septal junction, supplied by the ventral interventricular branch, 
characteristically produced an earlier and more complex surface 
effect of a positive longitudinal anterior ridge, bordered by right 
and left sinks of negativity. When compared to the histochemically - 
documented confines of each type of vascular lesion, these patterns 
illustrated with far more detail than either the ECG or VCG the 
interplay between the sequence of activation and tissue inhomo- 
geneity in producing complex surface electrocardiographic effects. 


INCOMPLETE VENTRICULAR RELAXATION AND DIASTOLIC COMPLIANCE 
Lambert P, McLaurin, MD, Ellis L. Rolett, MD, William 
Grossman, MD, University of North Carolina, Chapel Hill, 
North Carolina. 


Hemodynamic assessment of ventricular relaxation in 
man has received scant attention in the past. Atrial 
pacing was done to study the effect of tachycardia on the 
rate of pressure development (+dP/dt) and pressure decline 
(-dP/dt) in 13 patients. Strip charts of the simultaneous 
left ventricular pressure (measured with high fidelity 
micromanometer tipped catheters), first derivative of LV 
pressure (dP/dt), and volume (measured echocardiograph- 
ically) were obtained in all patients. In each patient 
+dP/dt increased with increasing heart rate. In 8 pa- 
tients (Group A) with normal left ventricular function 
(defined by the response of left ventricular end-diastolic 
pressure and cardiac output to atrial pacing and isometric 
handgrip exercise) -dP/dt increased or did not change. In 
5 patients with abnormal ventricular function (Group B) 
-dP/dt decreased with increasing heart rate. In Group A 
the minimal left ventricular pressure in early diastole 
showed no change or decreased. In Group B, the minimal 
diastolic left ventricular pressure increased in associa- 
tion with a decreasing -dP/dt. These changes were asso- 
ciated with the onset of angina pectoris in 2 of these 
patients. In 3 patients from Group A and 5 patients from 
Group B adequate volume echocardiograms were obtained. 
End diastolic volume and volume at the point of minimal 
diastolic pressure decreased with increasing heart rate in 
all of these patients. These data suggest that in 
patients with abnormal left ventricular function, tachy- 
cardia due to atrial pacing causes a decrease in the rate 
of ventricular relaxation. This “incomplete relaxation" 
is associated with a decrease in apparent diastolic 
compliance, i.e., a higher diastolic pressure at a lower 
diastolic volume. 


MYOCARDIAL VIABILITY AFTER TRANSIENT ISCHEMIA 

J. J. McNamara, MD, John R. Soeter, MD, Glenn T. 
Suehiro, BS and Andrew L. Morgan, Jr., The Queen's 
Medical Center, Honolulu, Hawaii 


Myocardial viability after acute left anterior descend- 
ing (LAD) coronary artery ligation was evaluated in 48 
monkeys for periods of ligation from 1 to 5 hours and 
one group of animals with permanent ligation. Anatomic, 
physiologic and histologic parameters of myocardial 
viability were studied including cine ventriculography, 
surface pH measurements, mapping of left ventricular 
myocardium with unipolar ECG leads and postmortem histo- 
logy using hematoxylin basic fuchsin-picric acid and 

H & E stains. Nine of 13 animals ligated for 3 hours 
showed either functional improvement (ventriculography) 
and/or reduction in infarct size (ECG) within an hour 
after ligature release. Five of 11 4-hour ligations 
showed similar improvement. Nine of these animals were 
survived for a week and restudied. Histologic evidence 
of infarction was present in all though infarct size was 
significantly smaller by all criteria when compared with 
permanently ligated animals. Two 5-hour ligations 
showed no improvement after ligature release. Surface 
pH reflected the presence or absence of myocardial blood 
flow. pH returned toward normal following ligature re- 
lease even in areas of established infarction. The data 
demonstrates the existence of a large peripheral zone of 
ischemic non-functional myocardium around the acute 
infarct which is potentially salvageable for periods of 
up to 4 hours after acute ligation. 
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THE PARADOX OF NARROW-QRS PREMATURE BEATS IN THE FACE OF 
EXISTING BUNDLE-BRANCH BLOCK. 

Rashid A. Massumi, MD, FACC, General Hilliard, MD, Ezra 
A. Amsterdam, MD, FACC, Dean T. Mason, MD, FACC and Alan 
Lindsay, MD. Univ. Calif. Sch. Med., Davis, Calif. and 
Intermountain Clinic, Salt Lake City, Utah. 

In contrast to the functional Bundle-Branch Block(BBB) 
which is frequently rate-related and disappears when 
heart rate slows, we have encountered 6 cases of a para- 
doxical disappearance of an existing BBB in premature ec- 
topic beats. The ectopic rhythm was one of parasystole in 
3 cases; single beats in 2 and escape in 1. Acute myocar- 
dial infarction was present in 4 and angina pectoris in 2 
cases. His bundle electrography in 3 cases demonstrated 
His spikes before each of the narrow-QRS premature beats 
with His-Q intervals of 10 to 35 msec as compared with 45 
to 50 for control beats. This finding clearly indicated 
an origin midway between the ventricular myocardium and 
the His bundle, i.e., within the ischemic fascicles. From 
their points of origin, such fascicular impulses propa- 
gate antegradely toward the respective area of the ven- 
tricular myocardium, and retrogradely toward the main His 
bundle, and, at the same time, down the remaining two 
fascicles. The slow antegrade conduction in the short 
pathway down the ischemic fascicle is matched by the fas- 
ter conduction through the longer pathways of the remain- 
ing, uninjured fascicles, thus accounting for the almost 
simultaneous activation of the three fascicular territor- 
ies and the resultant narrow-QRS complexes. This pheno- 
menon must be differentiated from supernormality, and 
from fusion of the conducted beats with late ectopic ven- 
tricular beats with opposite BBB configuration. 


THE PROGNOSTIC SIGNIFICANCE OF THE PREOPERATIVE ELECTRO- 
CARDIOGRAM IN 1,027 PATIENTS WHO UNDERWENT ISOLATED 
AORTIC VALVE REPLACEMENT WITH A STARR-EDWARDS PROSTHESIS 
J. Merideth, MD, H.A. Oxman, MD, D.C. McGoon, MD, K. 
Offord, P. O'Brien, PhD. Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 

To help determine which patients (PTS) are at highest 
- risk for both early and late mortality and to study the 
correlations between electrocardiographic (ECG) findings 
and the type of dominant aortic lesion, type of preop- 
erative symptoms, heart size, and preoperative function- 
al class, the preoperative ECG's of all PTS (1,027) who 
underwent isolated aortic valve replacement with a Starr 
Edwards prosthesis at the Mayo Clinic between 1-1-63 to 
l-l-72 were analyzed in detail. The 1,027 PTS were 
broken down into five distinct groups by the presence 
of certain abnormalities on the ECG. The five groups 
were: left ventricular hypertrophy (LVH) with associated 
repolarization changes (strain)(706 PTS); LVH with vol- 
tage criteria only (99 PTS); complete left bundle branch 
block (LBBB)(114 PTS); complete right bundle branch 
block (RBBB)(40 PTS); repolarization changes only with- 
out LVH (68 PTS). The clinical characteristics of each 
group were analyzed and will be presented in detail. 
Those PTS with complete RBBB had the highest percent of 
PTS in preoperative functional class IV (28%) and had 
the highest early mortality (first 30 days)(13%), while 
those PTS who had voltage only had 12% who were in 
functional class IV with an early mortality rate of 5%. 
Those PTS with either RBBB or LBBB had the largest 
hearts while those with only repolarization changes had 
the smallest. By the use of stepwise discriminant anal- 
ysis using multiple variables on the preoperative ECG, 
it has been determined that in PTS with aortic stenosis 
those at highest risk for early mortality were those 
with a large left ventricle but low voltage on their 
preoperative ECG. They were at high risk for low cardiac 
output and congestive heart failure. PTS with aortic 
insufficiency who had a large left ventricle and high 
voltage were at highest risk for cardiac dysrhythmias 
and sudden death. . 


ABSTRACTS 


POSITIVE INOTROPIC EFFECT OF ALLOPURINOL AND ENHANCEMENT 
OF CARDIAC CONTRACTILE FUNCTION DURING HYPOXIA. Richard 
R. Miller, MD, Yves Choquet, MD, Robert Zelis, MD, FACC 
Rashid A. Massumi, MD, FACC, Dean T. Mason, MD, FACC and 
Ezra A. Amsterdam, MD, FACC. Sch. of Med., Univ. of 
Calif., Dept. Med., Davis, Calif. 


Preliminary experimental studies have suggested that allo- 
purinol enhances myocardial contractility ín ischemia, 

an effect which may be related to its capacity to inhibit 
degradation of purine bases. To further evaluate this 
question, the contractile effects of allopurinol were 
studied in isolated right ventricular cat papillary muscle 
during hypoxia (6% 02, 5% CO2, 89% N2) and reoxygenation 
(95% 02, 5% C02). Peak isometric tension (T) (gm/mm2), its 
first derivative (dT/dt) (gm/mm2/sec) and time to peak T 
(TPT) were measured in 11 muscles. After stable T (1.3 
gm/mm2) and dT/dt(6.6 gm/mm2/sec) during hypoxia for 30- 
60 min allopurinol (7.34 x 10-4 to 1.47 x 1073M) immedi- 
ately increased T to 2.0 gm/mm2 (p<.01) and dT/dt to 9.2 
em/mm2/sec (p<.01). Following reoxygenation for 30-60 min 
T increased and stabilized at 2.8 gm/mm2 and dT/dt at 

11.9 gm/mm2/sec. Allopurinol (7.3 x 10-4 to 1.47 x 1073M) 
applied at this point further augmented T to 3.5 gm/ mm2 
p<.01) and dT/dt to 15.5 (p<.01). Allopurinol produced 

no alteration in TPT (p>.05). Thus during both hypoxia 

and reoxygenation allopurinol has significant positive 
inotropic effect. By inhibiting the irreversible conver- 
sion of xanthine to uric acid allopurinol may allow re- 
utilization of functional purine bases for restoration of 
ATP and thus may have application in myocardial ischemia. 
Further studies are indicated to evaluate the potential of 
allopurinol as a therapeutic agent for enhancement of 
contractile performance in myocardial dysfunction. 


LEFT VENTRICULAR COMPLIANCE: RELATION TO DIFFERENT PAT- 

TERNS OF LEFT VENTRICULAR DYSSYNERGY. Richard R. Miller, 
M.D.; Robert Zelis, M.D., FACC; Rashid A. Massumi, M.D., 
FACC; Dean T. Mason, M.D., FACC; Ezra A. Amsterdam, M.D., 
FACC. Dept. Med., Univ. Calif., Sch. of Med., Davis, Ca. 


Compliance (C) of the left ventricle (LV) has been shown 
to correlate inversely with extent of abnormal (A) LV 
segmental contraction (SC). To evaluate the effects of 
different patterns of SC on LV-C in coronary artery dis- 
ease (CAD), 5 patients (pts) with CAD and normal (N) SC, 
6 with CAD and hypokinesis or akinesis, 5 with dyskinesis 
and 5 with CAD-related mitral regurgitation (MR) were 
compared to 4 N and 5 with pure valvular (V) MR. The per- 
cent of LV perimeter with A-SC was similar in the pts 
with this finding (mean 38%) thus reducing this variable. 
LV-C was calculated by dividing diastolic volume change 
by diastolic pressure change measured from lowest early 
diastolic pressure to end diastolic pressure (AV/AP) and 
normalized by end systolic volume. Sequential diastolic 
volume measurements were made during 3 equal portions of 
diastole. Volumes were determined from single plane cine- 
angiograms in the right anterior oblique projection at 64 
frames per second. CAD with N-SC had reduced C (0.095), 
compared to N (0.20) (p<.05). All types of A-SC were as- 
sociated with reduced C (0.022, p<.01) and did not differ 
by type of A-SC. With CAD-MR C(0.020) was markedly re- 
duced compared to valvular MR (.28) (p<.01) and did not 
differ from other A-SC; however CAD-MR was similar to V- 
MR in that 49% of diastolic filling occurred in the first 
1/3 of diastole compared to 25% in CAD-A-SC (p<.05) and 
38% in N. Thus, irrespective of the pattern of A-SC, CAD 
has a uniform influence on C and the principal determi- 
nant of decreased LV-C in CAD is the quantity of LV in- 
volved. MR in CAD does not increase C despite diastolic 
filling similar to V-MR. Rather, diminished C is related 
to the diffuse A-SC present in CAD-MR. 
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FAMILIAL ATRIOVENTRICULAR CONDUCTION DEFECT 

Syed Mohiuddin, MD; Henry Lynch, MD; Michael Sketch, MD; 
Anne Krush, MS; Stephen Carter; and Vincent Runco, MWD; 
Creighton niversity, Omaha, Nebraska. 


We have recently reported familial incidence of pro- 
gressive A.V. conduction defects resulting in complete 
heart block (CHB) in 3 generations. This report des- 
cribes the distinctive ECG features of this new syndrome 
as well as the hemodynamic, angiographic and morphologic 
findings. The site of block was demonstrated by His bun- 
dle electrograms in some subjects. Medical genetic eval- 
uation has been made in 502 members of which 208 had 
ECG studies. ECG confirmation of varying degrees of AV 
block was noted in 31 while 5 members were thought to be 
affected by history. ECG features, common to all affect- 
ed members, were 1) Progressive increase in AV conduc- 
tion delay culminating in CHB usually in the 3rd and 4th 
decade, 2) Normal QRS configuration and duration, 3) 
Normal QT intervals, 4) Pcor R wave progression in right 
precordial leads simulating anteroseptal infarction. 
Three members have undergone cardiac catheterization 
studies including coronary angiogranhy which were normal. 
“Myocardial tissue analysis in two members revealed no 
morphologic or histochemical abnormalities. His bundle 
electrograms, during transient sinus rhythm, revealed 
prolonged P-A and P-H intervals. H-V was normal. In one 
subject "N" activity was recorded and revealed prolonga- 
tion of P-N as well as N-H intervals. These studies in- 
dicate that the nathological process is localized to 
atrial-atrioventricular conduction pathways and early 
recognition and treatment with cardiac pacemakers should 
be associated with better prognosis than other forms of 
adult onset complete heart block. 


THE EFFECT OF CURRENT PULSES ON VENTRICULAR FIBRILLATION 
THRESHOLD MEASUREMENTS by E.Neil Moore, D.V.M., Ph.D., 
F.A.C.C., Joseph F. Spear, Ph.D., and Leonard Horowitz, 
M.D., Schools of Veterinary Medicine and Medicine, Uni- 
versity of Pennsylvania, Philadelphia, Pennsylvania. 
Experiments were performed on the hearts of open chest 
anesthetized dogs to determine the effects of current 
delivered as a single pulse or train of pulses to the 
myocardium during the vulnerable period. Following the 
pulse(s), the time course of recovery of excitability 
was determined at various regions of the myocardium, 
Increasing the current intensity resulted in increased 
temporal dispersion in recovery of excitability of the 
myocardium. This increase in temporal dispersion was 
associated with a decrease in fibrillation threshold. The 
temporal dispersion in recovery following delivery of a 
current train was increased by coronary artery occlusion 
and decreased by intravenous administration of lidocaine. 
These studies suggest that the technique of current appli 
cation to assess vulnerability operates in the following 
way: increasing the intensity of current delivered during 
the vulnerable period results in progressive increases in 
the degree of inhomogeneity in the recovery of the myo- 
cardium until a level is attained which allows multiple 
asynchronous reentry and fibrillation. Interventions 
which increase or decrease the intrinsic amount of 
inhomogeneity modify the amount of "extra inhomogeneity" 
that the current pulses must add during a fibrillation 
threshold determination to bring the myocardium to a 
level for fibrillation. These data also suggest that the 
myocardium may be more vulnerable following premature 
beats (PVC) evoked by a malfunctioning pacemaker than 


following spontaneous PVC's at the same coupling interval. 


METABOLIC SURGERY IN THE HYPERLIPOPROTEINEMIAS 

Richard B. Moore, MD; Richard L. Varco, MD, PhD; Henry 
Buchwald, MD, PhD, FACC; University of Minnesota, 
Minneapolis, Minnesota 


Partial ileal bypass greatly alters the dynamic equilib- 
rium of body cholesterol with resultant increased choles- 
terol turnover and lowered plasma cholesterol level. 
Since 1963 we have used this therapy in 101l(type II, III, 
& IV) patients (66 male, 35 female) ranging in age from 

7 to 63 years (decade distribution: first-l, second-8, 
third-8, fourth-14, fifth-43, sixth-25, seventh-2). Sur- 
gery was prophylactic (no evidence of coronary disease by 
history, ecg, or arteriography) in 20 patients and thera- 
peutic in 81. All patients had appropriate diet therapy 
for at least 3 months before surgery. Surgery has been 
effective in patients having poor or no response to diet 
or drugs. All patients had significant plasma cholesterol 
reductions, averaging 40% (excluding 3 homozygous type II 
patients who had reductions of 13, 15, and 16%). The av- 
erage reductions up to 5 years (excluding the 3 type II 
homozygotes) compared to the preoperative post-dietary 
baseline (varies with n followed) was: 3 mos, 40% (362 to 
216 mg%); 1 yr, 39% (355 to 218 mg%); 2 yr, 38% (346 to 
214 mg%); 3 yr, 41% (365 to 214 mg%); 4 yr, 36% (353 to 
227 mg%); 5 yr, 40% (342 to 204 mgž). Patients with sig- 
nificantly elevated triglycerides had marked reductions 
(30-60% range) after surgery; type II-A patients had an 
average 28% increase (117 to 149 mg%). The plasma lipid 
changes appear to be permanent; no escape has been seen. 
Operative mortality was less than 1%. Morbidity has been 
low; side effects are limited to diarrhea, transient with 
few exceptions. Eleven of the 8l patients with coronary 
atherosclerosis have since died, 9 of myocardial infarc- 
tion. In our experience partial ileal bypass is the 
single most effective therapy in type II, III, and IV 
hyperlipoproteinemia. 


ARRHYTHMIC INDICATORS OF LONG TERM SURVIVAL AND LATE 
DEATH AFTER MYOCARDIAL INFARCTION 

Arthur J. Moss, MD, FACC; John DeCamilla; William Hoff- 
man; Fredrick Engstrom 

The University of Rochester Medical Center, Rochester, 
New York 


In order to characterize those pts. who are at high 
risk of late cardiac death after myocardial infarction 
(MI), data were obtained prospectively on 100 patients 
(mean age 58 years; 79 males, 21 females) hospitalized 
with MI. 67 of the 100 pts. had one or more VPBs on a 
pre-discharge six-hour ECG tape recording. VPBs were 
characterized in terms of frequency (F) (#VPBs/1000 nor- 
mal beats), prematurity (P) (RR'/QT), and presence (1) 
or absence (0) of bigeminy/pairing (B/P) and ventricular 
tachycardia (VT). 55 pts. survived and 12 died from re- 
peat coronary events during a two year follow up. 13 pro- 
spectively obtained variables including ECG and VPB data, 
severity of MI (Peel and Norris indices) and age were 
subjected to step-wise discriminant analysis to obtain 
the best separation between those who survived and died. 
Discriminant scores (DS) which included only four vari- 
ables in the function (DS = -1.7 x B/P - 0.06 x Age + 
1.8 x P - 0.01 x F + 3.0) provided significant separa- 
tion between the two groups. A score below zero correct- 
ly identified 11/12 pts. who died (av. score -1.2) and a 
score above zero properly categorized 50/55 survivors 
(av. score +1.1). The inclusion of MI severity, VT and 
sex in the discriminant function did not improve the 
accuracy of separation. From the discriminant scores the 
probability of survival and death was determined for 
each patient. Conclusion: a discriminant combination of 
selective VPB data and age can be used to identify and 
characterize those pts. at high risk of subsequent 
cardiac death. 
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LATE ONSET POSTOPERATIVE COMPLETE HEART BLOCK - A NEWLY 
RECOGNIZED SEQUELA OF CARDIAC SURGERY 

Arthur J. Moss, MD, FACC; Gwen Klyman, MD; George C. 
Emmanouilides, MD, FACC, UCLA School of Medicine, 

Los Angeles, California 


The rurpose of this study is to describe twenty children 
who developed sustained complete heart block one month 

to fourteen years after cardiac surgery. The study was 
prompted by personal experience with two patients who 
suddenly developed heart block three and four years after 
definitive repair of tetralogy of Fallot. Both were 
critically ill and reauired pacemaker implantation. A 
nation-wide survey of pediatric cardiologists uncovered 
an additional eighteen cases. Of the twenty patients, 
ten hed tetralogy of Fallot, five had endocardial cushion 
defects, four had isolsted ventricular septal defects 

and one had transposition of the great vessels. Assuming 
thet the patients with endocardial cushion defects had 
left anterior hemiblock, eleven of the twenty had evi- 
dence of such a block postoperatively, four had right 
bundle branch block only, and two had no bundle branch 
block. The study establishes that complete heart block 
may occur as late as fourteen years after cardiac 
surgery. It may occur even in the absence of pre- 
existing bundle branch block. 


It is concluded that patients subjected to repair of 
intracardiac congenital defects should be observed in- 
definitely. 


PROGNOSTIC AND THERAPEUTIC IMPLICATIONS OF DIFFERENT MYO- 
CARDIAL METABOLIC STATES IN ACUTE MYOCARDIAL INFARCTION IN 
MAN. EFFECT OF PROPRANOLOL. 

Hiltrud Mueller, MD, FACC; Stephen M. Ayres, MD, FACC; 
Stanley Giannelli, Jr., MD, FACC, St. Vincent's Hospital 
and Medical Center of New York, New York, New York. 


Myocardial oxygen availability, a major prognostic deter- 
minant in acute myocardial infarction (AMI), is signif- 
icantly influenced by the inotropic state of the non in- 
farcted myocardium (NIM). Mixed coronary sinus blood is 
mainly determined by metabolic events of the NIM and prob- 
ably provides prognostic and therapeutic information. - 

We monitored sequentially (12 hour intervals) hemodynamics 
and myocardial metabolism in 40 patients (154 studies) 
with AMI and evaluated in 20 patients the response to 0.1] 
mg/Kg propranolol (PROP) intravenously. We grouped the 
results into four metabolic states: 1) Normal (N) = myo- 


cardial lactate extraction (Ex, ) = 20-30%; 2) Carbohy- 
drate (CHO) = Ex,> 30%; 3) Free Fatty Acid (FEA) = EXFFA 
>10%, arterial FFA> 500 mcM/L, Ex, © 15%; 4) Breakdown 


(BD) = Ex, and Exff < 10%. Frequency of metabolic re- 
sponses were: N, 24%; CHO, 20%; FFA, 36%; BD, 20%. N 
metabolic responses remained normal or changed to CHO or 
FFA, never to BD. FFA responses frequently changed to BD 
and were considered as a warning state. Significant cor- 
relations existed between metabolic states, hemodynamics 
and clinical course. N and CHO had better hemodynamics, 
lower arterial CPK and FFA and did well clinically. BD 
frequently preceded arrhythmias, chest pain and shock. 
PROP reversed the BD state to FFA or N in all patients, 
the FFA state to N in 50%. Conclusion: FFA and BD 
states frequently precede hemodynamic and clinical dete- 
rioration and provide important prognostic and therapeu- 
tic guidance. PROP improves myocardial 0, availability, 
reversing BD and FFA states towards Sashai 


ABSTRACTS 


HEMODYNAMIC AND MYOCARDIAL METABOLIC RESPONSE TO EXTERNAL 
COUNTERPULSATION IN ACUTE MYOCARDIAL INFARCTION IN MAN. 
Hiltrud Mueller, MD, FACC; Stephen M. Ayres, MD, FACC; 
William J. Grace, MD, FACC, St. Vincent's Hospital and 
Medical Center of New York, New York, New York 


We have performed external counterpulsation (ECP) in 13 
patients and report the hemodynamic and myocardial meta- 
bolic response in 10 with acute myocardial infarction 
(AMI). Mean values are presented. All demonstrated a 
rise in diastolic pressure (from end diastolic of 82 to 
peak diastolic of 147 mm Hg, p < .001). Left ventricular 
outflow resistance fell in all but one (from 0.76 to 0.59 
mm Hg/ml per sec., p <.01). Cardiac output and arterial 
pulmonary artery oxygen difference, initially abnormal in 
7 patients improved an average of 0.45 L/min and 1.10 ml/ 
100 ml in 5. Mean right atrial and pulmonary wedge pres- 
sures tended to fall. CBF increased in 6 patients (from 
86 to 102 ml/100g/min, p < .05), and decreased in 3 with 
initially high flow values. Abnormal lactate metabolism 
before ECP improved in 5 patients (from 6 to 18%). In4 
patients with normal myocardial metabolic pattern, ECP 
decreased lactate utilization from 27 to -1% Conclusion 
ECP increases diastolic pressure similarly to intraaortic 
counterpulsation evaluated in AMI with shock. AMI and 
AMI with shock appear to respond differently to counter- 
pulsation (CP). It improved myocardial metabolism and 
survival in AMI with shock. CP may also improve survival 
in AMI but its effect on coronary sinus metabolites de- 
pends upon its effects on perfusion and oxygen require- 
ments of the infarcted, ischemic and non-ischemic seg- 
ments of the myocardium. 


PLASMA CATECHOLAMINE CONCENTRATIONS IN PACING INDUCED 
ANGINA 

Giulio Muiesan, MD, FACC; Camillo Valori, MD; Enrico Aga 
biti-Rosei, MD; Antonio Nigri, MD; Pier A. Gioffré, MD; 
Mario Motolese, MD; Attilio Reale, MD, FACC; Universities 
of Perugia and Rome, Italy. 

It has been demonstrated that the onset of exertional an- 
gina (EA) is associated with a marked increase in arteri- 
al plasma norepinephrine (NE) and to a lesser degree epi- 
nephrine (E). Atrial pacing (AP) has become a current pro 
cedure in evaluating coronary patients. It seemed thus of 
interest to investigate the role of adrenosympathetic sys 
tem in AP induced angina. Nine patients with anginal pain 
were studied. Coronary arteries were normal in 3, and show 
ed significant obstructive disease in 6, 4 of whom devel- 
oped angina during AP, Heart rate was increased stepwise 
by AP up to 150 beats/min or to onset of angina. Pressures 
were monitored continuously and arterial blood was sampled 
in quick succession for NE and E determination. The entire 
procedure was repeated after iev.e oxprenolol beta=blocka 
de (OX). The following values, in the normal range for 

our laboratory, were observed for catecholamine concentra 
tions ng/l (mean+S.E.): 1) control, NE 171#8, E 101#7; 2) 
maximal increase during AP, NE 199210, E 128416. After 

OX: 1) NE 163214, E 10214; 2) NE 188+5, E 124+#20. Left 
ventricular end-diastolic pressure (LVEDP) decreased dur- 
ing AP when pain did not occur, while it tended to increa 
se at the onset of angina, both before and after OX. Sev- 
erity and duration of pain were not influenced by OX. It 
is concluded that an increased activity of the adrenosym— 


pathetic system can be absent in AP induced angina, even 
in the presence of an increased LVEDP. 
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DIMINISHED LEFT PULMONARY BLOOD FLOW IN TRANSPOSITION OF 
THE GREAT ARTERIES. Alexander Muster, MD, FACC, Milton 
Paul, MD, FACC, Daniel Levin, MD, James Conway, MD, Edgar 
Newfeld, MD, Children's Memorial Hospital, Chicago, Ill. 

In 5 infants with transposition of the great arteries 
(TGA), reduced left pulmonary blood flow was noted in 
angiograms at 3,5,18,22 and 32 months of age. Radionucle- 
ar scans showed a mean uptake for the group of 22% in the 
left and 78% in the right lung. The diagnosis was not 
suspected from the chest roentgenograms in any of the pa- 
tients prior to angiography. Four infants had intact ven- 
tricular septum and mild subpulmonic stenosis and one had 
a large ventricular septal defect with severe stenosis. 
Qp/Qs was 1.0 or less in 4 infants. Atrial septostomy in 
3 and surgical septectomy in 1 infant was performed in 
early infancy but the aortic oxygen saturation (mean 53%) 
later was lower than expected considering the large atri- 
al septal defect found at corrective surgery. Several 
mechanisms are considered for this unequal distribution 
of pulmonary blood flow: (1) In TGA an unusual angulation 
of the right and left pulmonary arteries at their junc- 
tion with the main pulmonary artery may result in prefer- 
ential flow to the right. (2) The Coanda effect genera- 
ted in TGA by accelerated blood flow across the left ven- 
tricular outflow tract may favor blood streaming along 
the right wall of the pulmonary artery. The characterist- 
ic relationship of the pulmonary artery branch orifices 
accentuate this effect by preferentially splitting the 
stream towards the right lung. (3) In 2 infants, small 
left pulmonary vein orifices were found at the Mustard 
operation. These morphologic abnormalities may be either 
the cause or the result of long-standing diminished left 
pulmonary blood flow. We suggest that early corrective 
surgery be advised for these patients since repeat bal- 
loon septostomy or surgical septectomy did not improve 
the arterial oxygenation. 


ECHOCARDIOGRAPHIC DIAGNOSIS OF AORTIC ROOT 
DISSECTION 

Navin C. Nanda, MD; Kyung J. Chung, MD; 

Raymond Gramiak, MD; Pravin M. Shah, MD, 
University of Rochester Medical Center, Rochester, 
New York 


Six patients with aortic root dissection confirmed by 
angiography, surgery or autopsy were studied by echo- 
cardiography. All patients showed increased width (16 
to 21 mm.) of the anterior wall of the aortic root. All 
except one also showed a double contour of the posterior 
aortic wall, the separation varying from 10 to 13 mm. 
(Normal mean aortic wall thickness 5.7 mm. S.D.1.2; 
aortic valve disease patients 6.7 mm. S.D.1.5). In 4 
patients slender aortic valve cusps were recorded 
moving to the periphery of the inner lumen in systole 
and not extending to the outer lumen. This finding is 
useful in the absence of calcification of the aortic valve 
which may produce confusing multiple echoes within the 
aortic root. Two patients showed 8 to 20 mm. varia- 
tions in the width of the aortic image with slight change 
in the direction of the transducer indicating that the 
dissection did not uniformly involve the entire circum- 
ference. Other associated findings on the echogram, 
seen in 3 patients, included the demonstration of peri- 
cardial effusion and mitral diastolic flutter suggestive 
of aortic regurgitation. Demonstration of widening of 
the anterior and posterior walls of the aortic root with 
the normal motion of valve leaflets within the inner 
lumen appears to be a specific finding for aortic root 
involvement in dissecting aneurysm of the aorta. 


EXPERIMENTAL COARCTATION IN FETAL LAMBS 

Peter M. Olley, MD; Walter Zingg, MD, FACC; G. Kent, DVM; 
Murray Day, DVM. The Hospital for Sick Children, Toronto, 
Ontario, Canada. 


We have created preductal and postductal coarctation in 
fetal lambs at 65-70 days gestation (Term = 143 days) and 
compared the hemodynamic effects of pre- and post-ductal 
coarctation and the behaviour of the ductus arteriosus 
under these conditions. We operated on 73 fetuses, 22 
survived to term, the remainder aborted. Survivors were 
delivered by cesarian section 24-48 hours before term, 
Cardiac output (CO), left and right ventricle pressures 
and the coarctation gradient were measured immediately 
after delivery in 20 animals (9 pre-ductal, 11 post- 
ductal). Dye dilution curves were used to detect ductal 
shunts. Cine aortograms were obtained to show the coarc- 
tation and collateral circulation. Finally the animals 
were sacrificed and formalin injected into the arterial 
tree, later a latex cast of the vessels was prepared, CO 
fell within the normal range for mature fetal lambs, mean 
coarctation gradient was significantly greater in the 
preductal group: 41 + 17 mms.Hg. compared with 20 + 10 in 
the postductals. In most animals the ductus was closed 
or there was a small left to right shunt but in two 
animals with preductal coarctation, a large right to left 
shunt and systemic pressure in the pulmonary artery per- 
sisted. Injection studies showed extensive collaterals 
in both types but more marked in the postductal lesions, 
The model does not mimic spontaneous coarctation entirely, 
unlike human preductal lesions the ductus usually closes, 
suggesting that in clinical lesions ductal patency is due 
to an abnormal ductus rather than purely mechanical 
factors. The lesser gradient in the postductal group 
suggests that more severe lesions cause placental insuf- 
ficiency incompatible with survival to term, 


IDENTIFICATION OF THE PATIENTS AT HIGHEST RISK FOR 
SUDDEN DEATH WITHIN FIVE YEARS FOLLOWING THEIR FIRST 
MYOCARDIAL INFARCTION 

H.A. Oxman, MD, D.C. Connolly, MD, FACC, F.T. Nobrega, 
MD, J.L. Titus, MD. Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota. 

To reduce the high mortality rate from ischemic heart 
disease (IHD), we must be able to identify the patients 
(PTS) at highest risk for sudden cardiac death (SCD). 
SCD is the most common mode of death for PTS with 
clinical IHD. As part of a broad community study of IHD 
among residents of Rochester, Minn., the identification 
of PTS at highest risk for SCD among the 579 residents 
who had their initial myocardial infarction (MI) between 
1955-66 and survived it was undertaken. All had the 
opportunity of having a complete five year follow-up. 
The 579 PTS were divided into four groups according to 
status at five years following their first MI. Group I- 
living (389), Group II-SCD (96), Group III-cardiac death, 
not sudden (47), Group IV-non cardiac death (47). The 
clinical characteristics of each group were analyzed and 
will be discussed in detail. Those dying of SCD were most 


likely to be males with hypertension, cardiomegaly, and 
angina following their first MI and most frequently had 
premature ventricular contractions on their one year 
follow-up electrocardiogram. Using the method of step- 
wise discriminant analysis, the following four variables 
were most important in predicting SCD at five years. 
Cardiomegaly; diastolic hypertension; history of conges- 
tive failure with first MI; and cigarette smoking. Using 
these four variables over 95% of those living and 80% of 
those with SCD were correctly classified at five years. 
It is felt that those individuals at highest risk for 
SCD following the first MI can be identified providing 

a basis for aggressive therapeutic intervention. 
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EXPERIENCE WITH CRITICALLY ILL INFANT CARDIACS IN NEW 
ENGLAND 
Lucy Parisi,MD and Donald C., Fyler,MD:Children's Hospital 
Medical Center, Boston, Massachusetts 
Extensive data from the Regional Infant Cardiac Program 
is now available on all cardiacs born in New England with 
sufficient severity of disease to result in catheteriza- 
tion,surgery, or death before the first birthday. Judging 
from vital statistics virtually all such infants have been 
identified. Experience with 1156 patients, seen 7/68-6/71, 
and recent information from 395 additional patients seen 
7/71-6/72, has been reviewed. During followup there has 
been no significant shift in diagnostic frequency distri- 
bution and detailed analysis of the 10 most common lesions 
which comprise 72% of the total group is presented. 
STATUS AT 1 YEAR 
DIAGNOSIS NO. Adm. Surgical Medical Overall 
<7 D., # Alive # Alive Survival 
Ventricular Defect 247 20% 92 79 155 140 89% 


Transposition 177 62% 114 69 63 45 64% 
Hypoplastic Left 114 76% 24 3 90 ill 12% 
Patent Ductus 114 19% 45 41 69 62 90% 
Coarctation lll 36% 64 31 47 26... 518 
Tetralogy 105 52% 59 42 46 38 76% 


Pulmonary Atresia 80 72% 55 15 25 17 40% 
Endocardial Cushion 70 21% 22 14 48 26 57% 


Malposition 50 60% 23 9 27 18 54% 
Single Ventricle 43 54% 17 7 26 17 56% 
Others 440 = 164 99 276 182 64% 
TOTAL 1551 43% 679 409 872 582 64% 


Significant improvement in mortality will result when the 
figures are corrected for infants with severe associated 

anomalies (12%) and low birthweight (10%). Preliminary data 
reveals 4.5% incidence of maternal diabetes in the hypo- 

plastic left group compared to 1.5% overall incidence and 
further analysis of etiologic factors is underway. 


MANAGEMENT OF TRANSPOSITION OF THE GREAT ARTERIES IN 
NEW ENGLAND 
Lucy Parisi, MD and Donald C., Fyler, MD, Children's 
Hospital Medical Center, Boston, Massachusetts 

Introduction of Rashkind septostomy in 1965 promised 
improved palliation for transposition of the Great Arter- 
ies( TGA) but despite widespread use of this technique, 
present results while improved are less than satisfactory 
The New England Regional Infant Cardiac Program computer- 
izes data on all seriously ill infant cardiacs. From the- 
se data it is possible to determine the overall impact of 
modern t on survival of these infants. Experien- 
ce with TGA 7/68-6/71 has been reviewed. This lesion com- 
prised 12%(133/1156) of all infants; 41%(54/133) succumb- 
ed in the first year of life. Among patients with intact 
ventricular septum(IVS), those managed with balloon sep- 
tostomy alone had a 38%(10/26)mortality. When balloon 
septostomy was followed by surgical septectomy the mor- 
tality was identical(10/27). In 3 of 4 patients balloon 
septostomy was followed by successful Mustard procedure 
before the first birthday, Overall mortality among the 
IVS group was 52%, Experience was better among those with 
TGA and a ventricular septal defect. Overall mortality 
was 25%, Atrial septal defect creation by balloon and/or 
surgery had 17% mortality(3/18). Banding of the pulmonary 
artery was associated with 33% mortality(7/21) while shunt 
procedures for those with associated pulmonary stenosis 
or atresia resulted in 25% mortality(3/12). There was no 
difference among the three years studied. The greatest 
loss was in the first week of life. At this age of pre- 
sentation, balloon septostomy alone for TGA © IVS was as- 
sociated with 504(8/16) mortality, while among complex 
TGA's surgery was associated with high mortality 79%(11/ 
14). It seems clear that present management of TGA is 
ses hopeful than was anticipated. Data covering 7/71- 

8 
[72 vill „peogme ayailable for further upgrading of thi 
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SYSTOLIC UNLOADING WITH NITROPRUSSIDE AND DIASTOLIC AUG- 
MENT WITH EXTERNAL COUNTERPULSATION (CARDIASSIS : NON 
INVASIVE APPLICATION OF THE PRINCIPLES OF CIRCULATORY 
ASSIST ; 
William Parmley MD,FACC; Kanu Chatterjee MD; Tony Don 
Michael MD; James S. Forrester MD; H.J.C. Swan MD,FACC, 
Cedars-Sinai Medical Center, Los Angeles, California 


Since intraaortic balloon counterpulsation has been re- 
ported to reverse cardiogenic shock (at least temporarily) 
in 75% of patients, it would be potentially advantageous 
if similiar beneficial hemodynamic effects could be ob- 
tained non-invasively and thus be available to larger num- 
bers of patients. The present study in 14 patients with 
acute myocardial infarction was designed to evaluate the 
separate and combined effects, of systolic unloading with 
nitroprusside and diastolic augmentation with external 
counterpulsation (EC). Following EC alone, there was no 
change in Heart Rate (97/min), LV Filling Pressure (21 
mmHg), or mean Arterial Pressure (85 mmHg), but minor in- 
creases in mean diastolic arterial pressure (+5 mmHg)car- 
diac index (2.36-2.48L/min/M2) and stroke work index (25- 
26 gm-M/M2). Coronary sinus flow (continuous thermodilu- 
tion) and MVO? were measured in 6 patients. An index of 
cardiac efficiency (minute work/MVO2) rose significantly 
(.22.26), suggesting improved performance. Systolic un- 
loading with nitroprusside produced no change in HR, a 
fall in LVFP (29-24 mmHg) and AP (74-69 mmHg) with a rise 
in CI (1.8-2.3L/min/M2) and SWI (18-22 gm-M/M2). In 2 
patients the addition of EC to nitroprusside therapy en- 
hanced its effects, suggesting the importance of main- 
taining coronary perfusion pressure. Thus, application 
of the principles of invasive circulatory assist (systol- 
ic unloading and diastolic augmentation) may be possible 
by non-invasive means (nitroprusside + external counter- 
pulsation). 


COMPARATIVE EVALUATION OF THE SPECIFICITY AND SENSITIVITY 
OF ISOMETRIC INDICES OF CONTRACTILITY 

William Parmley, MD, FACC» Leonard Chuck; Lawrence 
Yeatman MD; Edmund H. Sonnenblick MD, FACC. Cedars-Sinai 
Medical Center, Los Angeles, California 90029 


An ideal mechanical index of contractility is one which 
is unaffected by changes in preload or initial muscle 
length, but which changes appropriately with contractile 
state. The relative dependence of various proposed iso- 
metric indices of contractility on preload and contrac- 
tile state, were compared in vitro, in 20 cat papillary 
muscles. Results below tabulate (a) the percentage 
change in each index as muscle length was reduced (AML) 
from Lmax to 10% less than Lmax and (b) the percentage 
change in contractile state (ACS) following maximum po- 
tentiation of the muscle with 10-5 M isuprel and paired 
stimulation (expressed relative to a 100% change in 
maximum df/dt). 


Index Max. Force Time to Peak VCE Max dF/dt 
dF/dt PK Force or Vmax F 
AML -19% -23% -117 -12% +47 
ACS +100% +50% -17% +67% +20% 


It is apparent that some indices which are insensitive 
to changes in AML\=X- max dF/dt are also insensitive to 
changes in ACS. Similarly indices which change greatly 
with ACS (Ex. max dF/dt) are also moderately dependent 
on AML. Vmax (or peak VCE) and max dF/dt were the best 
relative indices in terms of the ratio of their response 
to ACS divided by their response to AML. Thus, it is 
apparent that there is no one ideal index of contrac- 
tility independent of preload, but rather that all such 
indices have a related dependence.on both preload and 
contractile state. 
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RIGHT AND LEFT VENTRICULAR FUNCTION IN COMPLETE 
TRANSPOSITION OF THE GREAT ARTERIES 

Andre Pasternac, MD; Richard E, Hawker, MD; Langford Kidd, 
MD, FACC, Hospital for Sick Children, Toronto, Canada 


Although the outlook for children with complete transpo- 
sition of the great arteries (TGA) has improved markedly, 
the long-term prognosis may depend in part on the con- 
tractile state of the ventricles in their reversed roles, 
Right and left ventricular (RV,LV) function was studied 
in 14 children with TGA (mean age 19 months), All had had 
an atrial septal defect created, Patients were separated 
into two groups; group 1: TGA without ventricular septal 
defect (VSD) (10 patients); group 2: TGA with VSD and 
pulmonic stenosis (PS), LV end-diastolic volume (EDV) and 
ejection fraction (EF) were calculated from cineangio- 
grams, The peak velocity of the contractile element (VCE) 
(dp/dt / 28p)max (p = total pressure), obtained from high 
fidelity RV and LV pressures, was accepted as an index of 
contractility, Mean peak RV pressure was identical in 
both groups (92 mm Hg), while mean peak LV pressures were 
respectively 47 and 86 mm Hg, For RV, mean peak VCE was 
2.27 + 0.16 (SEM) sec7! in group 1 and 2,44 + 0,18 sec”? 
in group 2, both greater than normal RV (1,37 + 0.07 
sec.) and comparable to normal LV (1,94 + 0,13 sec), 
For LV, EF was similar in both groups (0.76 and 0.79); 
peak VCE was 2,41 + 0,28 sec! in group l „and 2,01 + 0,11 
sec” in group 2; EDV was 73.6 + 6.6 ml/m^ and 81.5 + 
16,2 ml/m*, respectively, These data suggest that in 
these children with TGA, (1) the pressure overloaded RV 
functioned at the level of contractility of a normal 
systemic ventricle; (2) the values of LV peak VCE were 
within the normal range, even in cases with low LV pres- 
sure; there was also wider variation than in RV, possibly 
reflecting the degree of hypoxemia, the severity of PS 
and the differences in pressure-volume characteristics, 


SINUS NODE REENTRY: THE EFFECT OF QUINIDINE 

Karlen L. Paulay, MD; Gerald M. Weisfogel, MD; Anthony N. 
Damato, MD, U. S. Public Health Service Hospital, Staten 
Island, New York. 


Using the recently developed experimental model for sinus 
node (SN) reentry (SNR) the effect of quinidine (Q) was 
assessed. In this animal model, a closely coupled pre- 
mature atrial beat (A2) introduced into either the right 
or left atrial appendage or the region of the coronary 
sinus is followed 100-300 msec later by an accelerated 
beat (A3) consistent with SNR as follows: 1) both the 
atrial activation sequence and P wave morphology of A 

and the spontaneous sinus beats are similar; 2) the 
occurrence of A} is dependent upon the coupling interval 
of Ay and the arrival time of excitation in the SN region, 
i.e., within the "reentry zone"; 3) A3 can be dis- 
tinguished from local or A-V node reentry and SN entrance 
block; and 4) SN crush or vagal stimulation consistently 
prevents the appearance of A3. In the present study SNR 
was demonstrated in 10 dogs before Q. After Q, at an 
average i.v. infusion rate of 0.3 mg/kg/minute, SNR was 
abolished within 5-10 minutes in all dogs. This effect 
of Q on SNR was related to its effect on 1) intra-atrial 
conduction (slowed) and 2) atrial refractoriness 
(increased) so that the arrival time of excitation within 
the region of the SN was delayed i.e., A fell outside 
of the reentry zone and SNR did not occur. Within 30-60 
minutes after Q was stopped in 5 dogs, plasma Q levels 
decreased, A2 fell within or just outside the upper 
limit of the reentry zone, and SNR reappeared. Quinidine 
may be effective in abolishing atrial arrhythmias due to 
SNR in man. 


DIFFERENTIATION BETWEEN VENTRICULAR ECHOS AND (A) 
CAPTURE BEATS IN A-V DISSOCIATION AND (B) INTERPOLATED 
PREMATURE BEATS 

Alfred Pick, MD, FACC; Richard Langendorf, MD, FACC, 
Cardiovascular Institute, Michael Reese Hospital and 
Medical Center, Chicago, Ill. 


By careful analysis of electrocardiographic records 
we have developed a simple way of recognizing ventricu- 
lar echo beats not preceded by retrograde P waves and 
distinguishing them from conducted sinus beats. In 
incomplete A-V dissociation, shortening of the ven- 
tricular cycle after a retrograde or fusion P wave may 
clearly indicate reciprocation (ventricular echo). 
Identical shortening in the same record after a sinus 
P wave permits identification of an echo beat and its 
differentiation from a ventricular capture which it 
simulates, Similarly, in the case of ventricular or 
junctional premature beats which appear to be inter- 
polated, the finding that the ventricular interval 
enclosing the extrasystole is shorter than the basic 
cycle (that the P-R interval of the post-extrasystolic 
beat is shorter than that of the sinus beats) indicates 
that the premature impulse has produced a ventricular 
echo, since with interpolation that ventricular interval 
could be only equal to or longer than the sinus cycle. 
Occurrence of a sinus P wave in front of an echo 
established by these measurements lends strong support 
to the contention that the point of reentry is located 
at a subatrial level of the A-V junction. 


SOURCES OF ERROR IN CALCULATION OF LEFT VENTRICULAR 
VOLUMES BY ECHOGRAPHY 


Richard L. Popp, MD; Edwin L. Alderman, MD; Owen R. 
Brown, and Donald C. Harrison, MD, FACC, Cardiology Div., 
Stanford Univ. School of Med., Stanford, California 


The use of left ventricular (LV) dimensions from echo- 
grams (echo) for calculation of LV volumes (V) and stroke 
volume requires several assumptions about the geometry 
of the ventricle and LV contraction. The validity of 
these assumptions was tested using LV angiograms (angio) 
and echo in 35 patients (pts) selected for varying LV 
configuration. The measured major/minor axis ratio by 
angio was not 2, but varied from 3.2-1.3 and was not 
similar or predictably different from end-diastole to 
end-systole. The ratio of the measured major axis to cal- 
culated minor axis varied from 3.0-1.4. The echo dimen- 
sion usually approximated a chord perpendicular to the 
major axis 1/4 the distance from the base to the apex. 
The V calculated by echo seriously overestimated that by 
angio in the dilated LV. Especially striking was the 
difference in V calculated by angio and echo in pts with 
LV asynergy. It was not valid to assume that the change 
in echo dimension was representative of all areas of the 
LV. Hypokinesis was occasionally seen in the area of the 
LV from which the echo dimensions were taken, leading to 
an underestimate of the LVV at end-systole. Processing 
the echo dimensions by formulae previously reported by 
others does not improve the level of error in these di- 
lated ventricles, while giving erroneously small or neg- 
ative values for end-systolic LVV in the small heart. 

LVV calculated from echo have proven reliable in se- 
lected pts but caution must be urged that one recognize 
and avoid the pt with the deformed and/or asynergic LV. 
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DETERMINATION OF VENTRICULAR PRELOAD AND AFTERLOAD DURING 
ACUTE MYOCARDIAL INFARCTION USING QUANTITATIVE ECHOCARDI- 
OGRAPHY. 

Robert A. Ratshin, MD; Charles E. Rackley, MD, FACC; 
Richard 0. Russell, Jr., MD, FACC; University of Alabama, 
Birmingham, Alabama. 


In 20 patients with acute myocardial infarction (MI), left 
ventricular (LV) preload (PL) and afterload (AL) were de- 
termined by assessing LV circumferential wall stress (CWS) 
at end-diastole (LVPL), at end-isovolumic LV contraction 
(LVAL-1) and at end-LV systole (LVAL-2). LVCWS was calcu- 
lated using LV internal dimensions and posterior wall (PW) 
thickness measured by quantitative echocardiography, bra- 
chial arterial pressure (BAP) and PA end-diastolic pres- 
sure (PAEDP). The reliability of quantitative echocardi- 
ography in assessing LVCWS was validated by comparison to 
the biplane angiographic calculation of wall stress in 48 
patients with chronic heart disease. Nine patients had 
anterior (A) MI, 7 inferior (I) MI, 2 combined AIMI and 2 
left bundle branch block and MI. AMI was associated with 
higher LVPL (65.2 + 26.4 x 10° dyn/cm?) than was IMI (39.5 
+ 16.2, p < 0.025). Although LVAL-1 did not differ in pa- 
tients with AMI and IMI, elevation of LVCWS was more sus- 
tained in IMI (AL - 2 = 135.1 + 45.1) than in AMI (AL - 2 
= 100.9 + 23.0) reflecting a depression of appropriate 
percentage of LVPW thickening (ZLVPWT) during LV systole 
(IMI 63.4 + 15.6%, AMI 96.5 + 15.4%, p < 0.0005). 


Quantitative echocardiography provides a means of asses- 
sing LVCWS as LVPL, LVAL and at end-systole during acute 
MI when PAEDP and BAP can be obtained. Patients with AMI 
had elevated LVPL. In IMI decreased ZLVPWT and sustained 
increased LVCWS may reflect changes in systolic perform- 
ance of infarcted myocardium, while changes in these para- 
meters in AMI may reflect alterations in non-infarcted 
myocardium. 


ECHOCARDIOGRAPHY DURING UPRIGHT EXERCISE. David R. 
Redwood, MD, Eldon R. Smith, MD, Seth R. Goldstein, ScD, 
Walter L. Henry, MD. NHLI, Bethesda, Md. 


Echocardiography has been shown to be a valuable, noninva 
sive technique in the diagnosis and evaluation of myocar- 
dial, valvular and congenital heart disease. Thus far, 
however, studies have been limited to patients at rest in 
the supine position. Studies in the upright position at 
rest and during bicycle or treadmill exercise have been 
hampered by the inability to 1) manually hold the trans- 
ducer stationary, particularly during patient activity, 
and 2) predictably and rapidly alter transducer position. 
An apparatus has been designed which successfully over- 
comes these problems. The echo transducer is mounted in a 
hemispherical bearing on a light weight aluminum platform 
held to the anterior chest wall by elastic straps. Two 
hydraulic pistons mounted on the platform at right angles 
to one another are attached to this bearing and can there- 
by move the transducer. These pistons form part of an 
electrohydraulic feedback control system so designed that 
the piston positions are accurately controlled by a two- 
axis joystick potentiometer which is remote from the pa- 
tient. Thus, movement of the joystick results in a cor- 
responding movement of the transducer. With this appara- 
tus, the transducer not only can be readily adjusted but 
also can be held stationary despite movement of the pa- 
tient during tilting and exercise. In addition, the volt- 
ages generated by the joystick can be recorded on the 
echo tracing and utilized to provide a permanent record 
of actual transducer position. We have used this techni- 
que to reproducibly detect alterations in left ventricu- 
lar volume (as judged by measurement of the transverse 
left ventricular dimension) during tilting, drug inter- 
ventions, and upright bicycle and treadmill exercise, 
This method thus considerably broadens the application of 
echocardiography in the study of heart disease, 


ABSTRACTS 


EFFECTS OF CORONARY ARTERY BYPASS DURING ISCHEMIA ON 
TRANSMURAL BLOOD FLOW DISTRIBUTION 

Timothy J. Regan, MD, Bunyad Haider, MD, FACC, William 
Neville, MD, Paul Bolanowski, MD, Henry A. Oldewurtel, 
Philip O. Ettinger, MD, FACC, College of Medicine and 
Dentistry of New Jersey, Newark, New Jersey. 


Restoration of coronary blood flow during impending or 
actual ischemia has been suggested for maintaining myo- 
cardial viability. To examine this view three groups of 
animals were studied. Using a heart-lung pump, a venous 
graft was sutured from aorta to the anterior descending 
coronary artery 3 cm from its origin. With heart beat 
restored for one hour and no ischemia, group I (n=6) had 
normal clearance of °-Kr, injected via a catheter in the 
venous bypass. The calculated coronary blood flow was 
81+3 m1/100 g/min. The distribution of ®>Kr from endo to 
epicardium was found to be uniform as was potassium (Kt) 
content at 62+1.1 pEq/g. In group II (n=8), the anterior 
descending artery and venous bypass were occluded for a 
period of 60 minutes. Coronary blood flow via collater- 
als was less than one-fourth of control. Distribution 
of 85xr at the mid-point in the clearance curve showed 
an inner to outer wall ratio of 0.5+.03 and the mean 
tissue Kt content in uEq/g was 48+0.9 and 56+1.4 in the 
outer wall. K? in nonischemic muscle remained normal. 
In group III, (n=8), the venous bypass was opened after 
20 minutes of ischemia. At one hour, Kr clearance was 
only partly restored to 49+4 m1/100 g/min and the inner 
to outer wall ratio of 0.6+.05 indicated persistent 
reduction of blood flow to endocardium. Kt content was 
49+1.5 uEq/g in the inner layers and 59+1.7 in the outer 
wall. Sodium content showed reciprocal changes. Thus, 
restoration of coronary flow by the venous bypass is not 
uniform and ischemic injury persists in the inner wall. 


SUSTAINED EFFECTS OF NITROGLYCERIN OINTMENT 

IN PATIENTS WITH ANGINA PECTORIS 

Nathaniel Reichek, Robert E. Goldstein, Michael 
Nagel and Stephen E. Epstein, National Heart 
and Lung Institute, Bethesda, Maryland. 

We have examined the ability of 2% nitro- 
glycerin ointment (N) to alter time to onset of 
ischemic pain (exercise duration) when 12 
patients with angina exercised repeatedly on an 
upright bicycle ergometer. Dose of N was 
selected to produce a 10 mm Hg fall in resting 
systolic blood pressure (SBP) and/or a 10 beat 
per minute (bpm) rise in resting heart rate 
(HR). N and placebo (P) were administered on 
successive days and the sequence of administra- 
tion reversed in alternate patients. N pro- 
duced a significant increase in resting HR 
(#14 bpm at 1 hr., +17 bpm at 3 hr.) and fall 
in resting SBP (-14 mm Hg at 1 hr., -16 mm Hg 
at 3 hr.), while P did not. In every patient 
exercise duration was greater with N than with 
P at L and 3 hr. The differences (42.9 min. 
at l hr., #2.5 min. at 3 hr.) were highly 
significant (P<.001). Nine of 12 patients were 
able to exercise at higher work loads after N. 
In six of seven patients ST segment depression 
at equal exercise was’ reduced following N (-0. 
8 mm at 1 hr. -0.9 mm at 3 hr. P<.05). Thus N 
produced persistent changes in resting HR and 
SBP, associated with a sustained increase in 
exercise duration and attenuation of ischemic 
EKG changes. In contrast to oral and sublin- 
gual nitrates, N-related enhancement of exer- 
cise performance was consistent and unequiv- 
ocal three hours after administration. 
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SERIAL PRECORDIAL ST SEGMENT MAPPING IN ACUTE 
MYOCARDIAL INFARCTION 

Philip Reid,, MD, Dean Taylor, MD, David Kelly, MD, Bertram 
Pitt, MD Johns Hopkins University and Hospital Baltimore, Md. 


Precordial ST segment mapping has been used to evaluate acute 
myocardial injury. We have performed serial precordial ST seg- 
ment mapping to detect infarct extension. Precordial ST segment 
mapping was performed in 14 normal subjects using a 48 lead system 
with 1 mv=20mm deflection. The mean elevation in males was 
+42.2 +17.8mm and +9.2+5.0mm in females. Individual vari- 
ation was less than 10 mm on consecutive days. Daily ST segment 
mapping was done in 15 patients with acute myocardial infarction. 
In 9 patients with transmural anterior myocardial (TAM) infarction 
and 6 patients with nontransmural anterior myocardial (NAM) in- 
farction, initial ST sums were +143.8+91.8mm and -81.5+49,2 
mm, respectively, These values were significantly different from 
normal (p<.001). After an average of 10.9 days in the TAM group 
and 7,3days in the NAM group, ST segment values had fallen with 
in normal limits. Seven of the 9 patients with TAM infarction 
demonstrated infarct extension on an average of 5.7+2.5 hospital 
days with further elevation of ST segment sums when compared to 
values from the previous day (mean increase +65.4mm, range +17 
to +190mm). The infarct extensions were confirmed by clinical 
events and subsequent elevation of serum creatinine phosphokinase 
values. One of these patients died. Only two of the patients 
with NAM were found to have infarct extension which occurred on 
the 6th and 11th hospital day with an average of -50mm of further 
ST segment depression. 

Infarct extension may be more frequent than previously recognized, 
particularly for transmural anterior infarctions. Sarlat precordial 
ST segment mapping offers a rapid, simple, noninvasive means of 
assessing myocardial ischemia and infarct extension. 


RESULTS OF ASCENDING AORTA TO RIGHT PULMONARY ARTERY 
ANASTOMOSIS IN 123 PATIENTS 

Milton J. Reitman, MD, Frank M. Galioto, Jr, MD, Galal 
El-Said, MD, FACC, Denton A. Cooley, MD, FACC, Grady L. 
Hallman, MD, FACC, and Dan G. McNamara, MD, FACC, Baylor 
College of Medicine, Houston, Texas 


Between January, 1964 and December, 1971, 123 patients 
had an intrapericardial ascending aorta-right pulmonary 
artery (RPA) anastomosis for a variety of cyanotic mal- 
formations in which there was pulmonary stenosis or 
atresia. 20 deaths occurred in the first week after 
operation - 12 from congestive heart failure (CHF), 5 
from severe hypoxemia, and 3 from causes unrelated to the 
surgery. Among the 103 immediate survivors there were 17 
late deaths (between 1 month and 5 years postoperative) 
from CHF (4), hypoxemia (5) and unrelated causes (8). The 
total shunt-related mortality was 21% with the mortality 
for patients under 1 year of age being 24% (17 of 70) 
and for those over 1 year of age 17% (9 of 53). 74 of the 
86 survivors have had continued follow-up, 36 of whom 
have required therapy for CHF. At postoperative cardiac 
catheterization in 57 patients, 12 (21%) had a nonfunc- 
tioning anastomosis and an additional 13 (23%) had 
stenosis of the RPA proximal to the anastomosis site. 8 
patients with RPA stenosis developed RPA hypertension 
(>40 mm Hg) and 2 of them also had main pulmonary artery 
(MPA) hypertension. 28 patients had intracardiac repair 
and 14 of these have had repeat cardiac catheterization. 
One patient had occlusion of the RPA and 4 had MPA to RPA 
gradient greater than 20 mm Hg (20-70 mm Hg). 

Ascending aorta-right pulmonary artery anastomosis im- 
proves pulmonary blood flow in the cyanotic child but may 
be followed by complications requiring repair at the 

time of total correction. Residual changes may remain 
after total correction. 
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PERSISTENT HEMODYNAMIC ABNORMALITIES FOLLOWING INTRACAR- 
DIAC REPAIR OF TETRALOGY OF FALLOT 

Robert P. Rieker, M.D., Michael A. Berman, M.D., 

David I. Robbins, M.D., Norman S. Talner, M.D., FACC, 
H.C. Stansel, Jr., M.D. Yale University School of 
Medicine, New Haven, Connecticut 


Fifty patients have undergone clinical, hemodynamic, and 
angiographic evaluation 1-6 years following intracardiac 
repair of Tetralogy of Fallot. The age range was 6-20 
years. All but two were asymptomatic (NYHA Class I). 
The RVEDP was elevated in 32 (64%); the peak systolic RV 
pressure was greater than 1/2 the simultaneous systemic 
pressure in 13 (30%) and the LVEDP was greater than 12 
mmHg in 10 of 40 (25%). Eighteen of those studied had a 
patent foramen ovale. There was left to right atrial 
shunting present in one. Residual ventricular defects 
were noted in 8 (16%) with 1 having a OP/OS greater than 
2/1. Pulmonary insufficiency was judged by angiography 
to be mild in 9/30 (30%), moderate in 12/30 (40%), and 
severe in 2/30 (6%). Tricuspid insufficiency was seen 
in 5 (10%). Aortic insufficiency was present angiograph- 
ically in 12 of 25 (48%) in whom it was assessed. In 2 
it was severe with an aortic pulse pressure greater than 
50 mmHg, in 2 it was moderate, and in 8 it was felt to 
be minimal., „ Resting cardiac indices ranged from 2.4 to 
5.9 L/min/m- with an average of 4.3. Of the fifty 
patients, 2 have undergone re-operation, 1 for pulmonary 
stenosis, and 1 for a residual ventricular defect. 
Therefore, while intracardiac repair of Tetralogy of 
Fallot dramatically improves the functional ability of 
these children, repeat catheterization has demonstrated 
residual ventricular septal defects, pulmonary stenosis, 
pulmonary insufficiency, tricuspid insufficiency, and 
aortic insufficiency. Long-term follow-up including 
hemodynamic evaluation appears warranted. 


QUANTIFICATION OF CREATINE PHOSPHOKINASE (CPK) 
ISOZYMES IN SERUM 

Robert Roberts, MD; Philip D. Henry, MD; Burton E. Sobel, MD, 
FACC, UCSD, La Jolla, California. 


Three serum creatine phosphokinase (CPK) isozymes (MM, MB, and 
BB) with different electrophoretic mobilities have been recognized. 
MB CPK is found primarily in myocardium. Isozyme differentiation 
by electrophoresis is only semi-quantitative and thus, to improve 
the basis for enzymatic quantification of infarct size we measured 
CPK isozymes with a new method. Serum was concentrated with 
Aquaside ||, isozymes in 5 pl samples containing 0.5 mIU CPK 
were separated by cellulose acetate electrophoresis, and regions 
of the strips encompassing each isozyme were cut out, immersed in 
0.5 ml of an NADPH generating assay medium and incubated at 
37° for 20 min. CPK activity was determined by assay of fluores- 
cence in the incubating medium at 25°C in an Aminco-Bowman 
fluorometer. The assay was linear with respect to incubation time 
and enzyme concentration (3 to 2000 mlU/ml, n = 200). Recovery 
(verified with radioactively labeled CPK isozymes) averaged 86 = 
2% (S.E.) for each isozyme (n = 35), and reproducibility of iso- 
zyme activity in the same sample was within 2%. MB averaged 2 
=] mlU/ml (S.E.) in normal individuals (n = 15), less than 10 
mlU/ml in 30 patients with marked CPK elevations without MI, 
and 64 = 13 (n = 11) in samples with peak total CPK after MI. In 
contrast to the 12 hour serum half life of total CPK, MB CPK ex- 
hibited a half life of only 5.8 hours. The sensitive method de- 
scribed permits accurate determination of MB CPK in serum samples 
and thus, is of potential value in the quantitative assessment of 
myocardial infarction by serum enzyme analysis. 
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CARDIOVASCULAR PATHOLOGY IN HYPERLIPOPROTEINEMIA (HLP) 
William C. Roberts, MD, FACC; Victor J. Ferrans, MD, PhD; 
Robert I. Levy, MD, FACC; Donald S. Fredrickson, MD, FACC 
National Heart and Lung Institute, Bethesda, Maryland 


-Little information is available on the morphologic aspects 
of HLP. To begin to fill this void 28 patients (pts) with 
known HLP and 14 pts known to have normal lipoprotein 
patterns (LPP) were studied at necropsy. Of the 42 pts, 
28 had symptomatic ischemic heart disease (IHD); 20 of 
them had HLP (type II = 9, type III = 2, type IV = 9) and 
8 had normal LPP. The average age at death in the 20 pts 
with HLP and symptomatic IHD was 48 years,and in the 8 
with normal LPP and IHD, 46 years. The degree’of coronary 
arterial luminal narrowing was severe in all pts with IHD 
irrespective of whether their LPP was normal or abnormal. 
In all 28 pts with symptomatic IHD the lumen of at least 
1 of the 3 major coronary arteries was narrowed >75% by 
old atherosclerotic plaques and in 25 of them all 3 major 
coronary arteries were narrowed to this extent. With the 
exception of 1 of the 2 pts with type III, the composition 
of the coronary atherosclerotic plaques was similar among 
pts with types II, III, and IV HLP and among those with 
normal LPP. A unique type of valvular aortic stenosis 

may occur in the type II homozygote, and atherosclerosis 
in these pts appears more severe in the ascending than in 
the descending abdominal aorta. Lipid (foam cell) 
plaques occurred on left atrial (LA) endocardium in 2 
pts: one had type III and extensive coronary and aortic 


atherosclerosis; and the second had type I without coronary 


or aortic atherosclerosis. These LA foam cell lesions 
may be unique to HLP. Large foam cells were observed in 
spleen, lymph node and bone marrow in pts with types I, 
III and V HLP but not in pts with types II or IV or in 
those with normal LPP. 


A NEW APPROACH TO THE MANAGEMENT OF UNCONTROLLED 
RIGHT SIDED BACTERIAL ENDOCARDITIS. E. Robin, 
M.D., S. Ganguly, M.D., A. Arbulu, M.D., Wayne 
State University, Detroit, Michigan. 

Lack of success in the management of right 
sided valvular bacterial endocarditis due to 
Pseudomonas aeruginosa in many heroin addicts 
has prompted a new therapeutic approach, that 
of surgical excision of the diseased valves 
without prosthetic replacement. To date, this 
operation has been performed in 11 patients. 

Ten of these have had excision of their tricus- 
pid valve (TV) and in one both pulmonic (PV) 

and TV were excised. These patients have been 
followed for 4 to 24 months. Ten of 11 patients 
have survived without heart failure or infection 
One died of uncontrollable septicemia four 
months following surgery. Two patients had a 
second cardiac catheterization 6 and 12 months, 
respectively, after surgery. In these two 
patients the mean pressures in the right atrium 
(RA) and central veins (CV) were increased from 
pre-operative values of 3-4 mm. Hg. to 12-13 mm. 
Hg. due to ventricularization of pressures. In 
spite of this, pulmonary, aortic, right and left 
ventricular systolic and diastolic pressures 

and cardiac output remained normal. Further- 
more, flows and pressures in the right and left 
heart responded normally to exercise and 
ouabain. 

These data illustrate that excision of TV and/ 
or PV without prosthetic replacement is feasible 
as an effective treatment for intractable right 
sided bacterial endocarditis. In spite of vent- 
ricularization of pressures in RA and CV, other 


vital cardiac functions are well preserved and 
are compatible with long survival. 


ABSTRACTS 


DIFFERENTIAL EFFECTS OF PROPRANOLOL ON THE CHRONOTROPIC 
AND INOTROPIC RESPONSE TO ISOPROTERENOL IN MAN 

John L. Robinson, MD; John M. Rich, MD; and Arnold M, 
Weissler, MD, FACC, Ohio State University College of 
Medicine, Columbus, Ohio. 


The relative blocking effect of intravenous propranolol 
(P) on the chronotropic and inotropic response to iso- 
proterenol (I) was assessed in 6 normal subjects by 
determination of the response of the heart rate (HR) and 
of the pre-ejection period (PEP) to infusions of I 

(2 mcgm/min for 10 min) before and up to 24 hours after 
2.5, 5, and 10 mgm of intravenous P. The doses of P 
were administered on separate days. Control I challenges 
produced an increase in HR (39 beats/min +5 SEM 36 +3, 
33 +4) and a shortening in PEP (51 msec +3 SEM, 50 

+3, 52 +4) prior to administration of 2.5, 5, and 10 mg 
of P. Responses of both HR and PEP to I were signifi- 
cantly inhibited 20 min after 2.5, 5, and 10 mg P (HR 

5 +2 p<0.005, 4 +1 p< 0.001, 2 +2 p<0.001; PEP 11 +2 

p< 0.001. 10 +3 p< 0.001, 4 +4 p<0.001). However, 6 
hours after 2.5 mg P, PEP response to I was unchanged 
from control (46 +3 p> 0.1) whereas HR response re- 
mained significantly depressed (10 + 1 p<0.005). Like- 
wise, 24 hours after 5 mg and 10 mg P, PEP response to 

I was unchanged from control (46 +2, p»0.4, 42 +2 p>0.1) 
whereas HR response remained depressed (28 + 2 p< 0.025, 
24 +2 p< 0.005). For any given dose of P, the response 
of the HR to I was inhibited to a greater degree and for 
a longer period of time than the response of the PEP to 
I. This differential effect of P is relevant in clin- 
ical use of P and in studies of relative potency of 
different beta adrenergic blocking agents. The expla- 
nation for this time-related differential in the beta 
adrenergic blocking effect of P is unknown. 


SIGNIFICANCE OF OUABAIN-INDUCED LOW AMPLITUDE POTENTIALS 
IN THE INDUCTION OF CARDIAC ARRHYTHMIAS 
Michael R. Rosen, M.D., Henry Gelband, M.D., Charles 
Merker, M.D.; College of Physicians and Surgeons, New 
York, New York 

Low amplitude potentials (LAP) are slow depolariza- 
tions, 5-30mV in amplitude, which occur during phase 4 
of the transmembrane action potential. LAP can be pro- 
duced by ouabain (0) and other glycosides. We have used 
intracellular microelectrodes to study O-induced LAP in 
isolated Purkinje fibers (PF) perfused with arterial 
blood from a donor dog or with Tyrode solution. When 
enough O was given to the donor by IV injection LAP app- 
eared in the isolated PF concurrently with ventricular 
(V) arrhythmias in the donor. If PF were isolated from 
the donor heart at the time of V arrhythmias and promptly 
studied during Tyrode perfusion, typical LAP were record- 
ed. In other studies utilizing Tyrode perfusion PF action 
potentials (AP) were most rapidly susceptible to the tox- 
ic effects of O and LAP occurred earliest in free-running 
PF as compared to more proximal (bundle branch) and more 
distal (free wall) sites. LAP were of greater amplitude 
at faster stimulus rates, at [K']=4.0 as opposed to 
2.5 mEq/L, and in normal as opposed to stretched PF. In- 
tervals between successive LAP did not exactly=the stim- 
ulus cycle length. As a result, phase 0 of the AP and the 
peak of the LAP were out of phase with one another. De- 
pending on the phase relationship between the driven AP 
and the LAP, successive AP were initiated at different 
levels of membrane potential. This led to variations in 
maximal rate of rise of phase 0, AP amplitude, and con- 
duction velocity. These effects of LAP on conduction, 
coupled with their occurrence at O concentrations comp- 
arable to those causing clinical toxicity, offer a means 
for explaining conduction abnormalities often seen dur- 
ing clinical digitalis toxicity. 
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INTERACTION OF FREQUENCY OF CONTRACTION AND PRELOAD ON THE 
PERFORMANCE OF ISOMETRIC KITTEN PAPILLARY MUSCLE 

David L. Rutlen and Wm. John Powell, Jr., MD, FACC, 
Harvard Medical School and Mass. Gen. Hosp., Boston, Mass. 


Initial fiber length and heart rate are important in- 
trinsic determinants of cardiac muscle performance. To 
date the effect of their interaction has not been consid- 
ered. To study the interaction of the length-tension and 
frequency-force relationships, peak developed tension (F), 
peak first derivative of tension development (dF/dt), time 
to peak tension (TPF), and time to decline to % of peak 
developed tension (T4P) were plotted as functions of a se- 
ries of increments of frequency ranging from 0.2 to 2.4 
contractions/sec at several different preloads for 15 kit- 
ten papillary muscles (mean cross-sectional area 0.5+0.4 
mm“). The stimulation frequencies at which the F and dF/ 
dt curves peaked and subsequently declined and the slopes 
of the curves of the above 4 indices of performance over a 
given range of frequencies were compared for each pair of 
preloads in each muscle. At high preloads F and dF/dt 
reached peaks at significantly lower frequencies than at 
corresponding low preloads; similarly, dF/dt rose to its 
peak and TPF and TP declined at significantly greater 
rates. Once F peaked it declined at a consistently great- 
er rate at the high preload than at the low preload. 
Post-control results returned toward those of the pre- 
control experiments. Hypoxia as the mechanism was ex- 
cluded by data from 7 additional muscles at 2 levels of 
oxygenation which demonstrated the converse of the above 
hemodynamic changes. These data indicate that preload 
determines whether a given increment in frequency produces 
a positive or negative inotropic effect and define the in- 
teraction of these two intrinsic variables on performance. 


HEMOLYSIS IN THE STARR-EDWARDS AORTIC PROSTHESES 
John T. Santinga, MD; Marvin M. Kirsh, MD; John G. 
Batsakis, MD, University of Michigan, Ann Arbor, Mich. 


This study was to compare the degree of hemolysis in the 
various models of the Starr-Edwards (S.E.) aortic pros- 
theses. Patients seen in our post-operative follow-up 
clinic over the last 18 months who had only aortic pros- 
theses and no significant paravalvular leakage were stud- 
ied. Hematocrits (Hmct), serum haptoglobin, lactic de- 
hydrogenase, glutamic oxalacetic transaminase levels and 
reticulocyte counts were obtained. In addition the reg- 
ular use of iron therapy was noted. Patients were group- 
ed as having non cloth covered valves namely Series 1000, 
1200 and 1260 - Group I. Cloth covered valves were Series 
2300 - Group II and the modified valve Series 2310 and 
2320 - Group III. The results are noted in the table. 


Group Mean Hmct Mean LDH Fe Rx Patients 
I 44 128 0 21 
II 37 512 10 24 
ILI 39 243 5 38 


The differences between the groups for iron therapy is 
significant (P< 0.01). Group I differed significantly 
from Groups II and III both in terms of LDH and Hmct 
(P<0.01); however there was insufficient evidence to 
detect a difference between Groups II and III either in 
LDH or Hmct values. Patients receiving iron therapy all 
have hemolytic anemia secondary to the S.E. aortic pros- 
theses. Our known frequency of significant hemolysis in 
the 2300 series is 13 of 58 patients or 22%. Three pa- 
tients with the 2300 series have required valve replace- 
ment with the 1260 model for intractible hemolysis. 
Presently the series 2320 would seem to have less hemoly- 
sis than the 2300 valve however the short follow-up 

makes this conclusion tentative. We can conclude however 
that the cloth covered S.E. aortic prostheses has greater 
hemolysis than the non cloth covered prostheses. 
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THE EFFECT OF HYPOXIA ON AUTOMATICITY AND CONTRACTILITY 
IN CANINE PURKINJE FIBERS 

Benjamin J. Scherlag, PhD; Barry Werman; Ralph Lazzara, 
MD; Mount Sinai Medical Center, Miami Beach, Florida 


Previous studies in vivo and in vitro have indicated that 
electrical properties of Purkinje (P) tissue are unaffect- 
ed by low O levels for long periods of time. After sev- 
eral hours of hypoxia, enhanced automaticity has been re- 
ported. To re-evaluate the relation between po, and P 
cell function we used isolated P strands attached to a 
force transducer, under .3-.6 gms of tension, as well as 
preparations of the entire endocardial surface of the 
ventricles pinned and superfused with Tyrode's solution 
at 37@:¢, O, tension was varied from 600-20 mmHg while 
pH and pCO, were kept constant. Within 5 minutes after 
changing the gas mixture, the rate of firing and isome- 
tric contractile tension changed in direct relation to 
the change in O, tension. Over the full range of po, 
values the range of mean firing rates was 40-8 beats/min. 
The full range of isometric tension was 100-30%. Changes 
in automaticity were most marked at pO, values less than 
150 mmHg. No appreciable change in isometric tension was 
seen at low pO, levels (20-40 mmHg) up to 2 hours. Chan- 
ges in automaticity were primarily related to changes in 
the slope of phase 4 depolarization. Maximum diastolic 
and threshold potentials were not affected. No other el- 
ectrophysiological property was immediately responsive to 
changes in pO. Only after P fibers showed signs of de- 
terioration in hypoxia such as loss of resting potential, 
was enhanced automaticity manifested. In conclusion, in 
P cells the properties of automaticity and contractility 
are closely linked to pO. tension. Such dependence may 
be one electrophysiological mechanism for hypoxic arrest 
in vivo. 


CLINICAL AND ELECTROPHYSIOLOGIC SIGNIFICANCE OF BUNDLE 
BRANCH BLOCK (BBB) IN ACUTE MYOCARDIAL INFARCTION (AMI) 
Clyde D. Schoenfeld, MN, Eugene Mascarenhas, MD, Prem 
Bhardwaj, MD, Benjamin Scherlag, Ph.D, Philip Samet, MD, 
FACC, Mount Sinai Medical Center, Miami Beach, Florida. 

In order to assess atrioventricular (AV) conduction in 
BBB occurring in AMI, Bundle of His (BH) electrograms 
were recorded during pacemaker insertion or withdrawal. 
Twelve patients (pts) with right bundle branch block 
(RBBB) and two with left bundle branch block (LBBB) were 
observed. All but 2 pts (with RBBB) had narrow QRS 
complexes prior to AMI. All studies were carried out 
during sinus rhythn. 

Ten of 12 pts with RBBB and both with LBBB had 
abnormal His-Purkinje (HP) conduction (50 to 135 msec.). 
All had normal AV nodal conduction. The response to 
atrial pacing at rapid rates was normal in all. Five of 
6 pts restudied 5 to 90 days later had abnormal HP 
conduction, including 3 pts who had lost their BBB. 

Nine pts expired and 5 survived. Five of 6 pts who 
developed high degree AV block expired; four in hospital 
of power failure, and one suddenly following discharge. 
Of the 9 deaths, 6 occurred in hospital and 3 after 
discharge. No pt died in hospital of heart block. The 
late deaths were sudden and 2 of the 3 had persistent 
RBBB. Five pts have survived from 1 to 12 months. Four 
have persistent BBB, and 1 with a narrow QRS had 
abnormal HP conduction by BH study. Thus, all survivors 
have evidence of persistent abnormal HP conduction. The 
findings suggest that the great majority of pts with 
fresh BBB due to AMI have bilateral BBB. Prophylactic 
demand pacing is probably indicated but myocardial 
performance is a more important determinant of survival. 
Recovery from BBB does not indicate normal HP conduction 
and the value of permanent demand pacemakers in survivors 
should be investigated. 
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EXERCISE VERSUS BYPASS SURGERY FOR CORONARY ARTERY 
DISEASE. Ronald H. Selvester, MD; Harry Rice, MD; John 
QO. Wagner, MD and Miguel E. Sanmarco, MD. 

A study to compare the rehabilitation benefit of exercise 
training with revascularization surgery for patients with 
ischemic heart disease was undertaken in 1969. Patients 
under sixty years with stable angina were studied by 
bicycle ergometry, high gain ECG and VCG, coronary 
angiography and ventriculography. Group A =- 63 patients 
with cardiac functioning capable of undertaking a vig- 
orous exercise program, and Group B =- 31 patients whose 
ventricular function was poor, because of large areas of 
local dysfunction. In both groups there were an equal 
number treated medically and surgically. All operated 
patients, usually at about six weeks post-operation were 
placed on an exercise program. 

The results can be summarized as follows: 1. The New 
York Association functional and therapeutic classification 
showed a statistically significant improvement over the 

24 month time interval for the Group A patients, but no 
change for patients in Group B. 2. The limiting exer- 
cise load on bicycle ergometry showed significant improve- 
ment over the interval for Group A but no change for the 
patients in Group B. There was no significant improvement 
in these two parameters for patients having surgery with 
exercise over those with exercise only. 3. In Group A 
there was a significantly high mortality in the surgical 
group. This difference was due to the surgical mortality 
(8%). 4. The incidence of new infarctions and late deaths 
in the two year follow-up is the same following surgery 
(8%) as for patients not going to surgery (8%). 5. In 
Group B the two year operative and late mortality was 40%. 
In the medically treated group 38% 


HOME-MONITORING OF HIGH-RISK CORONARY PATIENTS 
Herbert J. Semler, MD, FACC, Lee E. Kuhn, Laurel D. Smith, 
St. Vincent Hospital and University of Oregon Medical School, 
Portland, Oregon 

The key to lowering pre-hospital mortality from acute coronary 
disease is early detection and prompt treatment of arrhythmias. 
The present study evaluated a long-term telemetry system for rapid 
recognition of arrhythmias in coronary-prone individuals. 

Ninety "high-risk" coronary patients were instructed in the use 
of a portable telemetric sensor. The patient simply presses the 
sensor against the chest, and transmits ECG signals via telephone 
to a receiver in the coronary care unit (CCU). Two-way voice 
communication permits the CCU nurse to advise the patient to 
either come to the hospital, contact his physician or take 
appropriate medication. The light-weight, battery-operated 
sensor is carried like a camera and requires no paste-on electrodes, 
electrolyte, skin preparation or limb lead connections. 

Usual transmission time was less than one minute and was 
satisfactory in 87 of the 90 patients. One patient with unexplained 
syncope suddenly fainted at home, and while unconscious, his 
wife applied the sensor. The transmitted ECG disclosed complete 
A-V block, and he was immediately brought to the hospital for 
pacemaker implantation. Correlation of the telemetered tracing 
with the standard ECG was good in 84 patients. Four had negative 
P waves suggesting either A-V junctional or ectopic atrial rhythm. 
In two, atrial fibrillation with aberrancy could not be 
distinguished from ventricular tachycardia. 

The ambulatory patient can transmit his ECG at any time from 
any phone, at home or during daily activities, so that he is in 
immediate contact with the CCU. This reduces patient decision 
time, enables early recognition of arrhythmias, and initiates 
pre-hospital coronary care. 


ABSTRACTS 


CHANGES IN INFARCT SIZE FOLLOWING ADMINISTRATION 
OF PROPRANOLOL IN THE CONSCIOUS DOG 
William E. Shell, MD; Burton E. Sobel, MD, FACC, UCSD, 


La Jolla, California. 


To determine whether propranolol alters the extent of ischemic in- 
jury after coronary occlusion in the conscious dog we compared 
infarct size predicted from serum CPK changes prior to propranolol 
administration (ISP) to infarct size determined directly from myo- 
cardial CPK analysis (ISM) 24 hours after coronary occlusion. As 
we have shown previously, infarct size predicted from best fit log 
normal curves derived from the five initial hourly serum CPK 
determinations in this model correlates closely with ISM (r = .96, 
n = 12) in the absence of interventions. Accordingly, coronary 
occlusion was produced in 1] conscious dogs; left atrial pressure 
(LAP) was monitored with an exteriorized catheter; serum CPK was 
determined hourly; propranolol (2 mg/kg i.v.) was administered 
beginning 5 hours after occlusion to maintain heart rate less than 
85/minute; dogs were killed 24 hours after occlusion and ISP was 
compared to ISM. In all animals, mean LAP did not rise above 

12 mmHg either before or after propranolol administration. In 2 
additional dogs with coronary occlusion propranolol was given in 
low dose (0.5 mg/kg) such that heart rate was not changed. In 
these two animals ISP did not deviate from ISM. In seven dogs 
propranolol (2 mg/kg) decreased infarct size considerably [average 
ISM/ISP = .54 £ .11 (S.E.)]. The other 4 dogs exhibited no net 
reduction of infarct size despite early transient favorable trends in 
serum CPK values. Thus, propranolol administration in conscious 
dogs with coronary occlusion results in early protection of jeopar- 
dized myocardium; however, late escape may result despite con- 
tinued administration of the drug. 


PREDICTION OF INFARCT SIZE FROM SERUM CPK CHANGES 
EARLY AFTER MYOCARDIAL INFARCTION 
William E. Shell, MD; Burton E. Sobel, MD, FACC, UCSD, 


La Jolla, California. 


Infarct size appears to be an important determinant of prognosis 
after acute myocardial infarction (AMI). Accordingly, a new 
method was used to predict infarct size before evolution of myo- 
cardial necrosis was complete and thus at a time when salvage of 
jeopardized myocardium might still be attainable by appropriate 
therapeutic interventions. Analysis of serial serum CPK changes 
in 30 patients with AMI without complications indicated that val- 
ues conformed to a consistent pattern and fit a log normal function. 
To predict infarct size serum CPK values during the first 7 hours 
after initial enzyme elevation were used to obtain the best fit log 
normal curve for each patient (nonlinear least squares method). 
Actual infarct size, determined by analysis of all serum CPK val- 
ues (from onset of elevation through return to baseline) correlated 
cosely with predicted infarct size [(predicted) = .99 x (actual) + 
2.4, r= .93, variance = = 7%, n = 30]. The mean difference 
between predicted and actual infarct size was 0.99 CPK-gram- 
equivalents. In 8 patients with electrocardiographic evidence of 
extension of infarction and associated chest pain, subsequent serum 
CPK values exceeded 95% confidence limits of predicted values 
within 4 hours. In 4 patients treated by reduction of afterload, 
myocardial salvage was reflected by subsequent CPK values which 
were significantly lower than those predicted. Thus, curve fitting 
techniques applied to serial serum CPK changes within 7 hours 
after onset of initial CPK elevation permit: 1) accurate prediction 
of infarct size, and 2) detection and quantification of either exter 
sion of infarction or myocardial salvage following therapeutic 
interventions. 
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ACUTE HEMODYNAMIC AND CLINICAL EFFECTS OF DIRECT CORONARY oe CONSECUTIVE LEFT VENTRICULAR COMPLIANCE CHANGES 


REVASCULARIZATION 

Wayne Siegel, M.D., Osmah A, El Attar, M.D., William L, 
Proudfit, M.D., Floyd D. Loop, M.D., Donald B. Effler, 
M.D., F.A.C.C., F. Mason Sones, M.D., F.A.C.C. 
Cleveland Clinic, Cleveland, Ohio. 


We have evaluated patients with coronary heart disease 
(CD) before and promptly after coronary by-pass graft 
surgery (CS). 30 CD patients were studied utilizing 
graded maximal bicycle exercise tests (GET) with computer 
averaging of Frank electrocardiograms and apical phono- 
cardiograms between 7 and 82 days after CS, 5 had 3 
grafts, 13 had 2 grafts, and 10 had 1 graft. The data 
were: 

= -CS Post-CS___P va 
Mean Maximal Work 500432 710433 <0.01 

(PM/min 


otal Work-KPM X mi | 33254332 | 44254456 | <0,10 


Mean Maximal Heart 12944 =0.01 
Ra £ > 
Mean Maximal Systolic 15645 >0,.50 


Blood Pressure (BP 
HR X BP X 10- | 207429 | 93741) | <0 (0 
Angina Provoked N(%) | 27(9%) | o(0) | <0.01 


S4 Provoked,N(%) st 3146) 8 (27) | =0,20 


ST Depression Provoked 20(72 =<0.01 


Ventricular Arrhythmias 5(18 2(7) | —0.50 
voked ,N ; 
Repeated GET before CS did not vary significantly. 


This study documents acute improvements in GET hemo- 
dynamic and clinical measurements early after CS in 
patients with CD, 


FACTORS AFFECTING RESULTS OF EXERCISE EVALUATION OF 
CORONARY ARTERY DISEASE 


Michael II. Sketch, MD, Syed Mohiuddin, MD, Vincent Runco, 
MD, & Richard Booth, MD, FACC, Division of Cardiology, 
Creighton University, Omaha, Nebraska. 

To our knowledge the significance of the severity of cor- 
onary artery disease (C.A.D.),sex and arrhythmias in ex- 
ercise testing has not been reported. 130 patients suf- 
fering chest pain were studied by graded exercise testing 
(E.T.) and selective coronary arteriogranhy. 50 patients 
(38%) had positive exercise tests: 10 of these had nega- 
tive coronary arteriograms (20% false nositive E.T.). 80 
patients had negative F.T.; 20 of these had occlusion of 
one or more coronary arteries of greater than 50% (25% 
false negative E.T.). In males the incidence of false 
positive and false negative E.T. was 5% (2 of 39) and 29% 
(19 of 6S) respectively. In contrast, in females the in- 
cidence of false positive E.T. was 73% (8 of 11) and the 
incidence of false negative E.T. was 7% (1 of 15). The 
results of E.T. did not corelate with the number of ves- 
sels involved or the severity of involvement. There was 
no corelation between the leads in which ischemic depres- 
sion occurred and the coronary arteries involved. 21 
patients suffered exercise induced P.V.C.'s. 81% of 
these patients suffered exercise induced P.V.C's. 81% of 
these data indicate: a) Positive E.T. corelates well with 
C.A.D. in males but poorly in females, b) Negative E.T. 
corelates well with the absence of C.A.D. in females but 
poorly in males. c) There is no corelation between the 
number of coronary arteries involved the severity of dis- 
ease & positive or false negative E.T. & d) P.V.C's 
associated with E.T. corelate very highly with C.A.D. 
even in the absence of ST segment changes. 


AFTER ACUTE MYOCARDIAL INFARCTION 

McKamy Smith, MD, PhD; Robert A. Ratshin, MD; Richard O. 
Russell, Jr., MD, FACC; Charles E. Rackley, MD, FACC; 
University of Alabama, Birmingham, Alabama. 


Early changes in left ventricular specific compliance 
(LVSC) were measured in ten patients (pts) during the 

week following acute myocardial infarction (AMI). LVSC 
was calculated as the echocardiographic (echo) stroke. 
volume (SV) divided by the echo end-systolic volume (ESV) 
times the reciprocal of the derived diastolic LV pressure 
change (DDLVAP). (LVSC = SV/ESV x 1/DDLVAP). The DDLVAP 
was obtained from a linear regression between diastolic 
LVAP (LVEDP minus lowest diastolic pressure) and LV end- 
diastolic pressure (LVEDP) obtained from 24 post-AMI pts 
(r = 0.75; P = .0001). PAEDP was employed to calculate 
the diastolic LV pressure change (i.e., DDLVAP) from the 
regression equation since a good correlation between 

PAEDP and LVEDP (r = .86; P = .001) has been demonstrated 
previously. Consecutive values for LVSC increased in 

five and decreased in five pts during the week following 
AMI. Four pts having a distinct rise in LVSC survived 
AMI. Three pts whose LVSC decreased from initial low val- 
ues either died with cardiogenic shock or extended the in- 
farction. Two patients with a high LVSC on the day of in- 
farction and a subsequent fall on the following two days 
survived AMI. 


In summary, left ventricular specific compliance was cal- 
culated from echo ventricular volumes and PAEDP in AMI. 
Following acute myocardial infarction, sequential de- 
creases in left ventricular specific compliance from ini- 
tial low values were associated with a poor prognosis 
while a progressive increase in left ventricular specific 
compliance indicated a favorable prognosis. 


ECHOCARDIOGRAPHIC FEATURES OF COMPLETE TRANSPOSITION OF 
THE GREAT VESSELS IN INFANCY 

Robert Solinger, MD; Francisco Elbl, MD; Kareem Minhas, 
MD, FACC, University of Louisville, Louisville, Ky. 
Echocardiographic evaluation of the heart and its great 
vessels is possible in most infants. Using a 5 MHz trans- 
ducer and a concomitant electrocardiographic lead 6 in- 
fants with complete transposition of the great vessels 

[3 with an intact ventricular septum and 3 with a ventri- 
cular septal defect (VSD) ]were studied by echocardio- 
graphy. The findings were compared to norms established 
in our laboratory. Normally, the anterior vessel (pul- 
monary artery) is superior to the left and larger than 
the posterior vessel. In this study the anterior vessel 
was superior to the right or directly overhead the post- 
erior vessel. In 5 the anterior vessel was smaller than 
the posterior; in 1 the vessels were equal in size. Norm- 
ally, pulmonary valve closure follows aortic and inter- 
vals measured from opening valve movement or R-wave to 
closing valve movement are longer for the anterior ves- 
sel. In 4 patients the intervals were measured and found 
to be longer for the posterior vessel. In 2 the record- 
ings were inadequate for accurate measurement. Dimension- 
al analysis revealed the following: anterior tricuspid 
valve mobility and right ventricular cavity diameter were 
increased in all 6 patients. In the 3 patients with an 
intact septum the anterior mitral valve mobility (MVM), 
left atrial cavity diameter (LAD) and left ventricular 
cavity diameter (LVD) were normal. In the 3 patients 
with a VSD, the MVM and LAD were top normal or slightly 
increased and the LVD was uniformily increased. The 
thickness of the right ventricular wall was normal in 5 
patients and increased in 1 with a large VSD. The left 
ventricular and septal thicknesses were increased in all. 
Complete transposition of the great vessels can now be 
diagnosed at the bedside in the first few hours of life 
by noninvasive means. 
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ATTENUATION OF HYPOXIC PULMONARY HYPERTENSION IN NEWBORN 
CALVES BY GLUCAGON 

Richard D. Spangler, MD and Robert F. Grover, MD, PhD 
University of Colorado Medical Center, Denver, Colorado. 


Increase in adenyl cyclase within vascular smooth muscle 
is associated with relaxation. Since Glucagon stimulates 
adenyl cyclase formation, it was administered in an 
attempt to prevent hypoxic pulmonary vasoconstriction in 
Calves. Seven calves, 4-8 weeks old had measurement of 
pulmonary artery and aortic pressures, cardiac output, 
and arterial blood gases during exposure to hypoxia 
before and after the i.v. administration of Glucagon 

(20 mcg./Kg. Bdy wt.). The mean values in 7 calves 
including mean pulmonary artery pressure (PA,), mean 
aortic pressure (AOm), cardiac output (CO), stroke vol- 
ume (SV), heart rate (HR), total pulmonary resistance 
(TPR) and total systemic resistance (TSR) are shown 
below: 


GLUCAGON 
CONTROL HYPOXIA GLUCAGON & HYPOXIA 
PAm 26 66 25 37* 
AOm 105 110 81* 95 
co 6.1 8.1 8.2 9.6* 
SV 68 46 61 64 
HR 90 176* 137* 176* 
TPR 355 662* 257* 315 
TSR 1520 1122 856* 762* 


*indicates p £.02 with regard to control data. 
As indicated above, Glucagon abolished the marked 
increase in pulmonary vascular resistance during hypoxia 
while preventing the decrement in stroke volume observed 
during the hypoxia. 


ECHOCARDIOGRAPHY IN CONNECTIVE TISSUE DISORDERS (CTD). 
Richard D. Spangler, MD, J. Thomas Okin, MD, FACC, S. 
Gilbert Blount, Jr., MD, FACC, University of Colorado 
Medical Center and St. Anthony Hospital, Denver, Colorado 


The usefulness of ultrasound cardiography (UCG) in 8 
patients with Marfan's syndrome, 2 patients with cystic 
medionecrosis, 1 patient with Ehlers-Danlos syndrome and 
l patient with rheumatoid arthritis was investigated. 9 
of the 12 had mitral valve abnormalities of varying 
severity. Anterior leaflet prolapse was detected in 3 
patients. Posterior leaflet prolapse occurred in 2 
patients. Redundancy of mitral valve tissue was demon- 
strated in 2 patients without mitral insufficiency. In 
one case "fluttering" of the anterior leaflet indicating 
severe aortic insufficiency was seen. Acute mitral in- 
sufficiency due to chordal rupture was demonstrated by 
UCG in 1 patient. Aortic root abnormalities were also 
observed. Dilation of the ascending aorta was demon- 
strated in 3 patients, 2 without aortic insufficiency. 
Characteristic ultrasound findings of aortic dissection 
were found in 3 patients with type I dissection. Left 
ventricular and left atrial dimensions were measured in 
all instances. It is concluded that UCG is useful in 
patients with CTD. Precise diagnosis of acute cardio- 
vascular catastrophes is facilitated and baseline 
measurements of parameters of cardiac function can be 
obtained which are of value in longitudinal follow-up 

of patients with CTD involving the heart. 


ABSTRACTS 


A NEW METHOD OF TREATING PAROXYSMAL SUPRAVENTRICULAR 
TACHYCARDIA USING A HIGH FREQUENCY PULSE GENERATOR 
Roworth A. J. Spurrell, BSc, MRCP; Edgar Sowton, MD, 
FRCP, FACC, Guy's Hospital, London 


14 patients with paroxysmal supraventricular tachycardia 
were studied using His bundle electrograms and programed 
intracardiac stimulation. A reciprocal basis for the 
tachycardia was thought to exist if the tachycardia could 
be initiated and terminated by appropriately timed atrial 
or ventricular premature beats, and during tachycardia 
atrial or ventricular premature beats were followed by 
pauses less than compensatory. In 7 patients in whom the 
tachycardia could be terminated only with either single 
or double atrial premature beats it was found that the 
exact position in the cardiac cycle where the tachycardia 
could be terminated varied over a range of 5-25 msec. 
Therefore a preset appropriately timed atrial premature 
beat of 2 msec pulse width could not be guaranteed to 
terminate the tachycardia consistently. In order to over- 
come this a burst of high frequency (HF) impulses with a 
frequency of 100-1000 stimuli/second was fired at an 
appropriate point in the cardiac cycle in order to cover 
the variable position of a single premature impulse which 
successfully terminated the tachycardia. In 4 patients in 
whom a single atrial premature beat could terminate the 
tachycardia a burst of HF impulses covering a period of 
50-100 msec was found satisfactory in terminating the 
tachycardia. In 3 patients in whom 2 atrial premature 
beats were required to terminate the tachycardia a burst 
of HF covering a period of up to 250 msec was required to 
consistently terminate the tachycardia. The HF pulse 
generator was linked to a rate meter so that it only 
fired when tachycardia occured and was switched off after 
termination of the tachycardia. The place of this form of 
therapy in the management of both acute and chronic 
paroxysmal supraventricular tachycardia is discussed. 


DEXTROCARDIA--ANGIOCARDIOGRAPHIC STUDY AND CLASSIFICATION 
Umberto Squarcia, MD; Donald G. Ritter, MD, FACC; Owings 
W. Kincaid, MD, Mayo Clinic and Mayo Foundation, 
Rochester, Minn. 


The angiocardiographic features of 77 cases of dextrocar- 
dia, studied at the Mayo Clinic from 1961 to 1972, have 
been reviewed and a classification is proposed, All pa- 
tients were studied by large-film biplane selective angio- 
cardiography and 61 had two or more injections; 26 pa- 
tients had complete surgical repair, and 14 autopsy speci- 
mens were available. Cardiac catheterization data, chest 
roentgenograms, and the clinical histories were reviewed 
as well. In 7l of the 77 cases, the angiocardiographic 
studies were adequate to define the situs of the atria, 
the ventricular morphology, and the relationship of the 
great arteries. 

Dextrocardia with situs solitus of viscera and atria 
was present in 52 cases--28 with inverted ventricles, 16 
with noninverted ventricles, and 8 with common ventricle. 
Levotransposition of the great vessels was present in 30, 
dextrotransposition in 7, O-transposition (aorta directly 
anterior to the pulmonary artery) in 5, and normal rela- 
tionship of the great arteries in 10. Dextrocardia with 
situs inversus of viscera and atria was present in 12 
cases--9 with noninverted and 3 with inverted ventricles. 
Inverted normally related great arteries were present in 
5 cases, inverted D-transposition in 2, inverted L-trans- 
position in 2, O-transposition in 2, and normally related 
great vessels in 1 (isolated inversion of the ventricles). 
Dextrocardia with indeterminate situs of the viscera was 
found in 7 cases, 

Diagnostic accuracy and a better understanding of the 
various types of dextrocardia are essential because im- 
provements in surgical techniques have made it possible 
to repair many of these complex lesions. 
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ABSTRACTS 


A CALCIUM STIMULATED OQUABAIN INHIBITED ATPASE 
ASSOCIATED WITH MYOCARDIAL SARCOLEMMA., 

Allan Stam, M.D., William Weglicki,M.D., and Edmund H. 
Sonnenblick,M.D., FACC., Harvard Medical School, Boston, 
Massachusetts. 

Quabain has been shown to cause a net increase in myocardial 
calcium, an increase which parallels the inotropic effect. An 
active myocardial intracellular to extracellular Ca‘* efflux sup- 
ported by a sarcolemmal (SL), Ca stimulated ATPase has been 
proposed. Inhibition of such an activity could cause the observed 
increase in myocardial Ca**, The availability of a canine myo- 
cardial SL preparation permitted a search for such an enzymatic 
activity. 29 SL preparations were obtained by Nal extraction of 
myocardial fibers. The SL ATPase QPi (y moles Pi/min/mg prot) 
was determined at 37° in 250 mM sucrose, 20 mM Tris maleate, 
pH 7.1, 5 mM MgClo, 4 mM Nag ATP, 0.5 mM EGTA. The 
QPi at a pCa of 8.2 was .069 vs. .077 at pCa 6.9, p < .901, 
n= 22. Further, 1 x 10-6M ouabain was without effect at pCa 
8.2 but at pCa 6.0 decreased the QPi to .971, from .079, p < 
.091, n=9. Thus 46% of the net activity attributable to the in- 
creased Ca‘ was depressed by ouabain. No similar activity was 
demonstrable in Nal treated cardiac microsomes and mitochondria. 
The data presented represents the first direct demonstration of a 
myocardial Mg** activated, Catt stimulated ATPase that can be 
attributed to the SL, is responsive to a meaningfully low Ca level, 
and is inhibited by ouabain. This may represent a mechanism 
responsible for ouabain's inotropic effect. 


QUANTITATIVE CORONARY ARTERIOGRAPHIC MEASUREMENTS IN 
SYMPTOMATIC PATIENTS WITH OR WITHOUT LIPOPROTEIN (II AND 
IV) ABNORMALITIES 


Gary L. Stiles, VMS II; Raphael F. Smith, MD, FACC; James 
M. TTA MD; Gottlieb C. Friesinger, MD; Bruce C. 
Sinclair-Smith, MD, FACC, Vanderbilt Medical Center, 
Nashville, Tennessee 


The type, location and degree of arterial obstruction was 
numerically graded and an arterial obstructive score (AOS) 
developed for consecutive arteriograms from 70 patients 
with symptomatic coronary artery disease (CAD). Hyper- 
lipidemia (HL) was present in 32, Type II (18), Type IV 
(14), while cholesterol (CHOL) and triglycerides (TGL) 
concentrations were normal in the remaining 38 (NL) pa- 
tients. Correlative analysis between AOS and lipoprotein 
abnormalities in HL and NL patients showed: (i) AOS mean 
7.1 (range 13.8-0) was identical for HL and NL, (ii) AOS 
Type II and Type IV was unrelated to either CHOL or TGL, 
(iii) AOS was identical for Type II and Type IV with both 
proximal and distal, focal and segmental lesions showing 
no preference for either right or left coronary arteries, 
(iv) major obstructive lesions occurred at points of maxi- 
mal sheer stress in the right main coronary, left anterior 
descending, and circumflex arteries, (v) AOS > 7.0 (severe 
symptomatic disease) exists in 67% of HL patients before 
age 50, (vi) age of onset of symptoms (HL) 43.8, (NL) 48.8 
years 'p=0.008), (vii) risk factors equally distributed 
between HL and NL patients. Conclusion: (i) The presence 
and not the magnitude of hyperlipoproteinemia accelerates 
the onset of symptomatic CAD through earlier arterial le- 
sions which differ in no way from the type and distribu- 
tion of disease in normolipidemic CAD patients. (ii) The 
onset of symptoms in a younger patient, especially with 
Type IV hyperlipoproteinemia, must presuppose the exist- 
ence of advanced arterial disease. 
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BACTERIAL ENDOCARDITIS IN DRUG ADDICTS AND NON-DRUG USERS 
Barry Stimmel, MD; Ephraim Donoso, MD, FACC; Simon Dack, 
MD, FACC, Department of Medicine, Mount Sinai School of 
Medicine of The City University of New York, New York, 
New York 


Cases of bacterial endocarditis (BE) admitted to The 
Mount Sinai Hospital over a two-year period were re- 
viewed. Two groups of patients were identified; Group I- 
known drug addicts (DA); Group II-no history of drug use 
(NDU) and without a previous history of cardiac disease 
prior to the onset of BE. Group I consisted of 13 pa- 
tients having 17 admissions for BE. Heroin (H) was the 
drug used in 52%; amphetamines (A) in 30% and both H & A 
in 18%. The infectious organism (IO) was identified as 
Staph. aureus (SA) in 64%, Candida in 17% and Enterococ- 
cus in 11%. Respiratory symptoms (RS) and pulmonary in- 
filtrates (PI) were seen on admission in 70%. Aortic 
valve involvement either alone or in combination with 
mitral valve involvement was seen in 12 (75%), isolated 
mitral insufficiency in 4 (24%). Complications seen in 
14 (82%) included progressive heart failure (3) and em- 
boli both systemic (3) and septic pulmonary (4). 3 pa- 
tients required surgical intervention for intractable 
cardiac failure; 2 with aortic insufficiency; 1 with 
mitral insufficiency without operative mortality, Of the 
10 patients treated medically, there were 3 deaths. 
Group II (NDU) was composed of 7 patients. A comparison 
of NDU with DA revealed differences. The mean age of DA 
to NDU was 27.4 vs. 52.7 years. 10/13 of DA had a dura- 
tion of symptoms less than 7 days; 5/7 of NDU over 14 
days. The predominant IO in DA was SA 8/13; in NDU- 
strep. viridins 2/7. RS were absent in NDU; initial PI 
seen in 1/7. Surgical intervention was necessary in 2/7 
with no deaths recorded. BE in DA remains a serious dis- 
ease. In NDU without previous heart disease, BE appears 
to have a better prognosis. 


THE RATIONALE FOR SURGERY IN PREINFARCTION 
ANGINA 

Hector Sustaita, M.D., Kanu Chatterjee,M.D., 
M.R.C.P., Jack M. Matloff, M.D., FACC; and 
H.J.C. Swan, M.D., Ph.D, FACC, Departments of 
Thoracic, Cardiac and Vascular Surgery and 
Cardiology, Cedars-Sinai Medical Center, Los 
Angeles, California. 


Of 51 patients with identical criteria for pre- 
infarction angina, 15 have been treated medi- 
cally and 36 surgically. Generally, these two 
patient populations were quite similar; precise 
data on the features of each will be detailed. 
With medical therapy, 7 patients died and 6 
experienced non-fatal inferior infarctions with- 
in two weeks. The surgical patients were 
studied and underwent saphenous vein bypasses 
on an emergent basis. Twenty-two of these 
patients, classified as complicated, exper- 
ienced repetitive ventricular arrhythmias, con- 
gestive heart failure, myocardial infarction 
and/or shock prior to their referral for sur- 
gery. Three of these patients experienced 
postoperative infarction and three died. The 
remaining 14 patients underwent surgery without 
mortality. Four to twenty-five months after 
surgery, 30 of the operated patients are asymp- 
tomatic and 3 who infarcted prior to surgery 
have mild congestive failure. This experience 
supports the concept that preinfarction angina 
is a malignant syndrome in which the course can 
be significantly altered by appropriate saph- 
enous vein bypass. 
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IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS (IHSS) RESULTS 
OF LONG-TERM SURGICAL FOLLOW-UP 

Abdul J. Tajik, MD; Emilio R. Giuliani, MD, FACC; Robert 
L. Frye, MD, FACC; William H. Weidman, MD; Robert 0. 
Brandenburg, MD, FACC; Dwight C. McGoon, MD, Mayo Clinic 
and Mayo Foundation, Rochester, Minnesota. 


Of 123 patients (pts) with IHSS, 38 have undergone surgery 
(mean age 32 yr, 16 mo-70 yr). The 32 adults and 6 chil- 
dren were divided into 2 groups. Group 1 (34 pts) under- 
went resection of muscle from left ventricular (LV) out- 
flow tract (myectomy): via aortic (15 pts), transventric- 
ular (14 pts), combined (4 pts), and right septal (1 pt) 
approaches, Of group 1 pts, 27 were in class III (NYHA) 
and 7 in class II. Mean resting LVEDP (27 pts) was 22 

mm Hg (7-36 mm) and mean resting peak systolic gradient 
(31 pts) was 73 mm Hg (6-150 mm). There were 4 immediate 
and 3 late (2, 4, 10 yr) sudden deaths (total mortality 
20.6%). Complications included complete heart block in 5 
pts (2 died, transient in 2, permanent pacemaker in 1). 
Left bundle branch block developed in 15 pts, and LV 
aneurysm in 2, Two pts were followed for <6 mo and are 
not included. The remaining 25 pts were followed for 84 
mo (18-142 mo): 12 are now in class I, 1l in class II, 1 
in class III, and 1 in class IV. The pt in class IV also 
has severe CAD. Eleven pts are taking no medications, 6 
take propranolol, and 8 take digitalis or diuretics or 
both. Group 2 (4 pts) underwent additional surgery: 
mitral valve replacement (MVR) in 1, insertion of a 
Carpentier ring in mitral region in l, and RV outflow 
tract myectomy in 1. The 4th pt had MVR only. Of the 4, 
2 died immediately and 1 developed LV aneurysm. This is 
one of the largest series with long-term postop. follow- 
up. Because the immediate operative death rate is signif- 
icant (15.8%, 6/38 pts), surgery for IHSS should be re- 


served for symptomatic pts who do not respond to pro- 
pranolol, 


AN ANALYSIS OF DEATHS OCCURRING IN ASSOCIATION WITH 
CORONARY ARTERIOGRAPHY 

Timothy Takaro, MD; Herbert N. Hultgren, MD, FACC; David 
Littmann, MD, FACC; Elizabeth C. Wright, BA, Veterans 
Administration Hospital, Oteen, N. C. 


To determine causative factors of mortality in associ- 
ation with coronary arteriography, an analysis of 66 
deaths occurring within 10 days of the procedure, in the 
early experience of 16 cooperating hospitals was made.The 
incidence was 2.0%. These were all adult males; 92% had 
angina; 62% a history of myocardial infarction; 80% an 
abnormal EKG;and 95% had diffuse coronary atherosclerosis. 

In 35 pts. (53%) angiographic or pathologic evidence of 
acute coronary occlusion, in most instances attributable 
to thromboemboli originating on the cardiac catheter or 
guide wire, was noted. Acute subintimal coronary dissec- 
tion was recognized once.There also were 4 fatal probably 
embolic CVA's. Six pts.developed acute myocardial infarc- 
tion, without evidence of acute coronary occlusion. In 8 
a fatal arrhythmia occurred. Four pts. died of problems 
related to the femoral puncture. The deaths in 8 pts. 
could not be accurately classified. 

The fatality rate up to 10 days following coronary 
arteriography using the transbrachial technique was 
approx. 0.8% while that following the transfemoral per- 
cutaneous technique was approx. 2.4%. 

This analysis showed that there is an appreciable 
fatality rate following coronary arteriography in pts. 
with significant coronary arterial occlusive disease; 
that this rate is considerably greater using the trans- 
femoral technique; and that the majority of deaths were 
due to acute coronary occlusion, mostly related to 
thromboembolism from cardiac catheters and/or guide wires. 

These risks of coronary arteriography must be consid- 
ered by the physician in the evaluation of pts. for coro- 
nary arterial surgery. 


ABSTRACTS 


POSTNATAL DEVELOPMENT OF DISCRETE COARC- 
TATION OF THE AORTA 

Norman S, Talner, MD, FACC;Michael A, Berman, MD, 
Yale University School of Medicine, New Haven, Conn, 
The postnatal transition from hypoplasia of the aortic 
isthmus to discrete coarctation of the aortahas been doc- 
umented by serial hemodynamic and angiographic studies 
in 2 newborn infants. One infant had no associated lesions 
while the second had d-transposition and a VSD, The ini- 
tial investigation (age 1 day) showed right-to-left shunt- 
ing via a ductus arteriosus which inserted distal toa nar- 
rowed aortic isthmus, No peak systolic pressure differ- 
ences were recorded between the ascending and descend- 
ing aorta and angiograms failed to reveal an area of dis- 
crete aortic narrowing. At follow-up studies (3-5 days 
later) the ductus arteriosus was noted to be constricted 
or closed and a significant peak systolic pressure differ- 
ence (40-60 mm Hg) was present between the ascending 
and descending aorta. A discrete juxtaductal aortic coarc- 
tation was demonstrated by angiography in each instance. 
The region of the aortic isthmus appeared increased in 
diameter when compared to the previous study. These 
data suggest that a localized obstruction of the aorta de- 
velops as a postnatal phenomenon at the site of ductal ob- 
literation, The area of coarctation is located opposite an 
intraluminal shelf which may represent a branch point 
during fetal life. The size of the aortic isthmus at birth 
appears to relate to the proportion of the combined ven- 
tricular output of the fetus it carries to the descending 
aorta while the development of ventricular obstruction 
occurs postnatallyas pulmonary vascular resistance falls 
and obliteration of the ductus arteriosus takes place. 


T WAVE IN V1 GREATER THAN T WAVE IN V6 IN CORONARY 
ARTERY DISEASE 

Louis E. Teichholz, M.D., Eliot Young, M.D., Richard 
Gorlin, M.Ds, FACC, Peter Bent Brigham Hospital, 
Boston, Massachusetts 

T wave in Vl greater than T wave in V6 (Ty1>Ty6) has 
been suggested as a useful criterion for the detection 
of coronary artery disease (CAD) in patients with an 
otherwise normal electrocardiogram (EKG). To test this 
hypothesis, this criterion was studied in patients with 
chest pain syndromes and normal EKG's studied by coron- 
ary arteriography. Patients were divided into two 
groups: patients with CAD (obstructive and non-obstruc- 
tive) and patients with normal coronary arteries (NL). 
The majority of patients had vectorcardiograms (VCG) 
recorded using the Frank lead system and the mean T 
wave angle in the horizontal plane (AThoriz) was deter- 
mined, An anterior orientation of AThoriz greater than 
45° was noted in 27/32 (84%) of patients with Ty1>Ty6, 
but only 11/72 (15%) of patients with Ty<Tyg. The fol- 
lowing table summarizes the results: 


Males (n=133 
CAD NL CAD 

Typ>Ty6 [45/98 46%] 5/35 14% [13/16 19% | 2/30 7% | 
5/18 28% ||2/8 25% | 1/18 6% | 


In this population of male patients with normal EKG's, 
the criterion of Ty,}>Tyg¢ has 46% sensitivity, 14% false 
positivity and 90% specificity in the diagnosis of CAD. 
It is concluded that Ty]>Ty6 is uncommon in females with 
or without CAD, and in males, an anterior orientation of 
the T wave in the precordial leads as manifested by 
Ty1>Tvy6 is a simple and easily obtained screening cri- 
terion to aid in the diagnosis of patients with CAD and 
normal EKG's. 










| Females (n=46) 
NL 
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ABSTRACTS 


THE INFLUENCE OF TIMING OF SURGERY ON MORTALITY AND 
INCIDENCE OF MYOCARDIAL INFARCTION FOLLOWING AORTO- 
CORONARY VEIN GRAFT SURGERY IN CRESCENDO ANGINA 
Pierre Theroux, MO; Lucien Campeau, MD, FACC, 
Montreal Heart Institute, Montreal, Quebec, Canada. 


The surgical mortality and incidence of myocardial 
infarction (MI) were studied in 64 patients sub- 
jected to aorto-coronary vein graft surgery with 
respect to the time of surgery after remission of the 
crescendo angina (CA). Three patients who were ope- 
rated before improvement were not included. The mor- 
tality was 14.6% and the incidence of non fatal MI 
was 15.6%, Five of the 9 fatalities had recent MI, 
Giving a 23.4% overall incidence of MI, A mortality 
of 28% was observed in a group of 25 patients opera- 
ted within 3 weeks after remission, whereas only 5% 
of 39 patients died following surgery done at 3 to 

12 weeks after improvement (p<.01). MI was noted in 
11% of patients surviving early surgery and in 21.6% 
of patients operated after 3 weeks. The extent of 
disease and degree of correction were not statisti- 
cally different in both groups. These findings sug- 
gest that delaying surgery for 3 weeks in patients 
having remission of their CA may favourably influ- 
ence mortality. (In spite of an expected additional 
6% mortality during the waiting period preceding 
surgery, mortality noted in 31 patients treated me- 
dically during the same period), Delaying surgery 
however may not decrease the incidence of MI, 


MEASUREMENT BY INVASIVE METHODS OF THE HEMODYNAMIC EFFECTS 
OF SUSTAINED RELEASE NITROGLYCERIN IN PATIENTS WITH ANGINA 
PECTORIS SUBJECTED TO MAXIMAL STRESS 

Eugene J. Thompson, MD, FACA; Paul Glass, BS; Jodh Arora, 
MD, Veterans Administration Hospital, Bklyn, New York 


Long-acting coronary vasodilators have enjoyed consider- 
able clinical use based largely on empirical grounds. A 
clear need exists for an objective method of evaluation 
of pharmacologic activity based on quantitative hemo- 
dynamic measurements. Twenty patients with classical 
angina pectoris were studied, utilizing an invasive tech- 
nique. The procedure entails exercising the patients on 
a constant work load ergometer or treadmill to the point 
of angina. The experimental design of the exercise pro- 
cedure is so standardized that the therapeutic interven- 
tion represents the sole variable. In the group of pa- 
tients studied, the Cardiac Index pre-drug value ranged 
from 3.1 L/min/M2 to 7.0 L/min/M2, with a mean of 5.38 + 
1.1 L/min/fe. The post-drug Cardiac Index varied between 
l.l L/min/M2 and 8.0 L/min/M@. The arithmetic mean was 
6.54 + 1.1 L/min/M¢. The heart rate ranged from 83 to 
160 beats/min, with a mean of 132.8 + 16.) beats/min. 
After medication, the heart rate varied from 11) to 174 
beats/min, with a mean of 146.3 + 17.5 beats/min. The 
Maximal Oxygen Uptake (VO? max) ranged from 7.9 ml/Kg/min 
to 20.5 ml/Kg/min before drug. The corresponding post- 
nitroglycerin values were 10.2 ml/Kg/min to 2.6 ml/Kg/ 
min, The arithmetic means were 16.8 + 2.7 ml/Kg/min and 
19.0 + 3.0 ml/Kg/min, The systemic vascular resistance 
(SVR) ranged from 6.7 to 23.9 HRU (Hybrid Resistance 
Units), with a mean of 12.1 + 3.5 HRU. After medication, 
the AVR ranged from 5.5 to 14.9 HRU with a mean of 9.5 + 
2.0 HRU. The observed statistically significant improve- 
ment in cardiac function is interpreted as a direct conse- 
uence of the sustained-release nitroglycerin formulation 
(NT TRO-BIDË 6.5 mg). 


NONINVASIVE DETERMINATION OF CARDIAC OUTPUT 

John H. Triebwasser, MD; Robert P. Burpo, BS; John C. 
Campbell, BS; William C. Reardon, BS; Robert L. Johnson, 
Jr., MD; Gunnar Blomqvist, MD, U Tex Southwestern Med 
Sch at Dallas, Dallas, Texas. 


A modified acetylene (A) rebreathing technique using 
a mass spectrometer was evaluated by comparing the car- 
diac outputs (CO) to simultaneous dye-dilution CO. CO 
was estimated from the rate of A disappearance by the 
following formula: 

CO = [Vo (760/Pp-47) + 0.768 V7] /0. 700 X ln [Fao/Fay) 
(Fi / Fy )]/AT where V. is the volume of the system; V 
is the fung tissue volume; 0.768 and 0.700 are the solu- 
bility coefficients for A in lung tissue and blood; Fy;, 
Faz» F 1 and Fig represent the successive end-expiratory 
A and H concentrations. 

The subject was made to rebreath a mixture initially 
containing 0.5-1.0% CH3, 10% He, 35% 05 in Nz for 10-15 
seconds, emptying the bag with each breath. Gas concen- 
trations were monitored by continuous sampling at the 
mouth. A flow-meter was coupled to a bag-box system. The 
outputs of the mass spectrometer and flow-meter were fed 
to a small digital computer for on-line analysis. 

Twenty-two simultaneous A and dye-dilution CO were 
performed during sitting rest and upright steady state 
submaximal and maximal exercise in five healthy normal 
subjects. The CO ranged from 5.0 to 19.1 L/minute. The 
mean A CO was 11.19 L/minute and the mean dye-dilution 
CO was 11.24 L/minute (R = 0.94). The standard error of 
a single experiment was 7.2% approaching that of stan- 
dard invasive methods. Thus, the noninvasive rebreathing 
technique gives a reliable estimate of CO. 


INTRAVENTRICULAR REENTRY: A MECHANISM FOR ATRIAL ECHO 
BEATS 

P. Jacob Varghese, MD; Anthony N. Damato, MD; Anthony R. 
Caracta, MD; John J. Gallagher, MD; Mark E. Josephson, MD; 
Sun H. Lau, MD, U. S. Public Health Service Hospital, 
Staten Island, New York 


A-V nodal conduction delay (AVNCD) has been shown to be 
the critical factor both in the genesis of atrial echo 
beats (AEB) and in the initiation of paroxysmal supra- 
ventricular tachycardia (SVT) without Wolff-Parkinson- 
White syndrome. Using His bundle recordings and program- 
med atrial stimulation four patients were studied in 
whom the occurrence of AEB was dependent upon a critical 
intraventricular conduction delay (IVCD) and not AVNCD. 
Age of the patients ranged from 34-64 years and only one 
patient had documented episodes of SVT. Atrial pre- 
mature beats (APB) were introduced at progressively 
shorter coupling intervals and at a particular coupling 
interval the APB was conducted with the requisite IVCD 
and was followed by an AEB. The dependency of AEB on a 
critical IVCD was further confirmed in all patients as 
follows: (1) at a constant AVNCD, AEB occur only at a 
critical IVCD, (2) with variable IVCD, produced by 
changing the pacing cycle length, AEB appear only at the 
requisite IVCD, (3) at variable AVNCD, the AEB is de- 
pendent only at a critical IVCD, (4) at a constant 

AVNCD, the IVCD of the APB has a reciprocal relationship 
to the "echo" interval i.e., the interval between the 
ventricular depolarization of the APB and the AEB. In all 
patients AEB occurred only when the APB that had the 
critical IVCD showed a bundle branch block pattern on the 
surface EKG. This suggests that one or the other bundle 
branches was available and was used as the pathway for the 
AEB. Localization of the site of reentry is important 

in the management of patients with reentry tachycardia. 
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HIS BUNDLE ELECTROGRAM OF THE DOG: A TRUE REPRESENTA- 
TION OF THE INTRACELLULAR EVENTS 

P. Jacob Varghese, MD; M. V. Elizari, MD; R. Parameswaran, 
MD; Anthony N. Damato, MD; Sun H. Lau, MD, U. S. Public 
Health Service Hospital, Staten Island, New York, Albert 
Einstein Medical Center, Philadelphia, Pa. 


In 5 dogs the A-V conduction system consisting of the 
A-V node, entire bundle of His and left and right bundle 
branches was isolated using the dissection technique of 
Elizari et al., and perfused with oxygenated Tyrode at 
constant temperature. Transmembrane action potentials 
(TAP) using standard microelectrode techniques were 
simultaneously recorded from the penetrating and branch- 
ing portions of the His bundle (H) along with a bipolar 
surface electrogram (BSE) from the same area. Inter- 
electrode conduction times (IECT) and duration of BSE 
were measured during antegrade, retrograde and premature 
activation of H. During antegrade and retrograde activa- 
tion of H the duration of the BSE was equal to the IECT. 
Polarity of the BSE changed with direction of activation. 
Conduction delay within H was manifested as an increase 
in IECT and a decrease in rate of rise of TAP and was re- 
flected in BSE as change in duration, morphology and 
amplitude. Decremental conduction and block within the 
H resulted in disappearance of both the BSE and TAP re- 
corded distal to the site of block. Conduction delay and 
block distal to the His i.e., between His and right 
bundle (RB) did not affect the characteristics of the 
BSE. When the BSE included the RB the duration of it 
was greater than the IECT and the RB was seen as a 
separate sharp deflection. These studies demonstrate 
that the BSE represents total activity of the H and 
faithfully reflects electrical events occurring within 
the entire H. They also fortify the basis of clinical 
His bundle electrography. 


RIGHT VENTRICULAR CONTRACTILITY IN MYOCARDIAL INFARCTION-- 
IMPLICATIONS CONCERNING THE MEASUREMENT OF LEFT VENTRICU- 
LAR FILLING PRESSURE 

Louis Vismara, MD; Dean T. Mason, MD, FACC; Ezra A. 
Amsterdam, MD, FACC and Robert Zelis, MD, FACC, Dept. 
Med., Univ. Calif. Sch. Med., Davis, Ca. 


Although the left ventricle (LV) has been extensively 
studied in myocardial infarction (MI), the right ventri- 
cle (RV) has been relatively ignored. To gain insight 
into the variable pathophysiology of MI, RV pressure 
(RVP) and its first derivative (dp/dt) were measured in 
six patients (pt) with diaphragmatic MI (DMI) and ten pt 
with anterior MI (AMI). Instantaneous RV contractile 
element velocity (VCE) was calculated as the ratio of 
(dp/dt) /32+ (developed RVP). Vmax extrapolated from 
developed RVP-VCE curves was considerably reduced in DMI 
(DMI, 1.61; AMI, 3.16 muscle lengths/sec, p<.0l) suggest- 
ing that the right coronary disease seen in DMI leads to 
RV ischemia. Cardiac indices were similar (DMI, 1.97; 
AMI, 2.17 L/min, NS) but AMI had increased LV filling 
pressure (pulmonary capillary wedge pressure: DMI, 6.8; 
AMI, 16.3 mm Hg, p<.01). Although RV end diastolic 
pressures were similar (DMI, 6.1; AMI, 7.1, NS) the 
slight elevation in AMI is a reflection of LV failure 
(RV systolic pressure: DMI, 25.7; AMI, 36.5, p<.0Ol) 
whereas in DMI it is a reflection of RV failure. The 
increased RV preload elevates submaximal VCE leading to 
less striking differences in RV VCE at 5 mm Hg (DMI, 1.26; 
AMI, 2.02, p<.02). The depressed RV contractility seen 
in DMI as a consequence of RV ischemia is another factor 
affecting indices of RV filling. Thus, central venous 
pressure would be expected to have limited usefulness in 
reflecting absolute or relative changes in LV filling 
pressure in DMI. 


ABSTRACTS 


LONG TERM PROGNOSIS FOR PATIENTS WITH TRIFASCICULAR BLOCK 
COMPLICATING ACUTE MYOCARDIAL INFARCTION 

David D. Waters, MD; Henry F. Mizgala, MD, FRCP(C), 
Division of Cardiology, Montreal General Hospitdl, 
Montreal, Canada. 


Trifascicular block complicating acute myocardial 
infarction (AMI) often precedes complete heart block (CHB) 
and is associated with a high mortality. To evaluate the 
long term prognosis of these patients, 109 consecutive 
patients treated with temporary transvenous pacemakers 
for bradyarrhythmias and conduction disturbances compli- 
cating AMI were examined. Twenty eight had trifascicular 
block i.e. incomplete bilateral bundle branch block 
(IBBBB). Twelve of these (43%) died while in hospital, 7 
primarily of pump failure, 4 primarily of arrhythmias, 
and 1 of pneumonia and septic shock. Two of the 16 
discharged alive were lost to follow-up but the remaining 
have been followed for 9 to 31 months (average 15.5 
months). Two received permanent pacemakers before dis- 
charge and one developed asymptomatic CHB 29 months after 
discharge for which he was treated with a pacemaker. One 
of these 13 patients died suddenly; all others remain 
well. 

Of the 12 patients who died in hospital, 8 had a 
documented period of CHB, while only 5 of the 13 who left 
hospital alive had CHB while in hospital. These results 
suggest that 1) patients with AMI causing IBBBB do not 
require permanent pacemakers unless CHB persists beyond 
the acute stage of AMI 2) progression from IBBBB to CHB 
during the hospital phase of AMI seems to increase the 
in-hospital mortality 3) these patients appear to have 
a good prognosis if they survive the acute phase of their 
illness. 


A GEOMETRIC STUDY OF THE PROTECTIVE ZONE FOR VENTRICULAR 
FIBRILLATION 

Ira W. Weiss, MD; Eduardo R. Seroppian, MD; Bernard Lown, 
MD, FACC; John V. Temte, MD, PhD, Harvard School of Public 
Health, Boston, Massachusetts 


A relatively low energy (0.5-1.0 Wsec) electrical dis- 
charge (S,) can initiate ventricular fibrillation (VF) 
when applied to the endocardial or epicardial surface of 
the heart within the vulnerable period (VP), a 20-40 msec 
interval during ventricular repolarization. We have pre- 
viously documented that a second 0.5-1.0 Wsec discharge 
(S,); delivered to the same site as S,, can prevent VF if 
S.” occurs during the protective zone ` (PZ), a 25-90 msec 
interval beginning 10-40 msec after the end of the VP. In 
this investigation we have studied whether protection is 
preserved when S, is delivered to sites other than that 
of S,. In all seven mongrel dogs studied we were able 

to répeatedly demonstrate a PZ when S, was delivered to 
geometrically arrayed epicardial electrodes within 1 cm 
of S,, also delivered to the epicardium. In three of the 
dogs protection was preserved even when S, was delivered 
2 cm from the S, site. However, protection could not be 
found when S, was delivered more than 2 cm from the S 
site. Epicardial-endocardial transmural protection was 
found across the right ventricular wall (S, and S, elec- 
trodes less than 5 mm apart), but not across the teft 
ventricular wall (S, and S, electrodes more than 1 cm 
apart). The minimum thresfiold energy for protection 
against VF and the temporal boundaries of the PZ did not 
change significantly when protective impulses were deliv- 
ered to sites other than that of S,. These findings sug- 
gest that protection against VF is the result of local, 
rather than widespread, myocardial changes induced by Sos 
The protective impulse probably inhibits local impulse 
re-entry, a prerequisite of ventricular fibrillation. 
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ABSTRACTS 


TARDOKINESIS: AN ABNORMALITY OF VENTRICULAR CONTRACTION 
IN CORONARY ARTERY DISEASE, Thomas G. Welch, M.D., 
Richard F. Leighton, M.D., FACC; Harisios Boudoulas, M.D.; 
Tyson Cobb, M.D., Ohio State University College of 
Medicine, Columbus, Ohio. 

A localized abnormality of ventricular contraction 
usually corresponds to the site of coronary artery ob- 
struction (CAO). Often, however, when analyzing end- 
diastole (ED) and end-systole (ES) on the left ventricu- 
logram, a normal contraction pattern (CP) and a normal 
ejection fraction (EF) may exist in spite of the presence 
of obstructive coronary artery disease (CAD). We have 
observed many of these types of patients (pts) to have a 
localized delay of contraction (DC) in mid-systole (MS). 
To investigate this possibility 30 pts were divided into 
2 groups on the basis of coronary angiography: 12 normals 
(N) without CAD and 18 with obstructive CAD (> 50% ob- 
struction). All had a normal ED volume, a normal EF and 
an apparently normal CP. A tracing of the ventriculogram 
in MS taken halfway between ED and ES was obtained in 
both groups. A local area of DC in MS was observed in 
none of the N and in 13 of 18 with CAD. In all 13 the 
area of DC corresponded to the site of CAO. The percent 
shortening from ED to MS was measured at 8 comparable 
points on the anterior (4) and inferior (4) walls of the 
LV. The percent shortening of each area in normals was 
between 42-55%. When each of the 8 points in the CAD 
group was compared to the corresponding point in the 
normal group, the percent shortening in MS was signifi- 
cantly decreased, 0-30% in the 13 CAD pts (p<0.005). 

Thus there is a localized area of delayed or tardive 
contraction in MS, in spite of a normal appearing end- 
systolic CP and normal EF, which corresponds to the site 
of CAO, and which we have chosen to call tardokinesis. 
Recognition of tardokinesis in MS represents a valuable 
adjunct in evaluating abnormalities of ventricular con- 
traction in CAD. 


VENTRICULO-ATRIAL CONDUCTION IN THE WOLFF- 
PARKINSON-WHITE SYNDROME. 

Hein J. Wellens, M.D. , and Dirk Durrer, M.D. , University 
Department of Cardiology, Wilhelmina Gasthuis, Amsterdam. 
The Netherlands. 


Using the single test stimulus method ventriculo-atrial con- 
duction (VAC) was studied during right ventricular pacing in 
29 patients with WPW. A His bundle electrogram (HBE) and an 
intra-atrial electrogram were recorded during the investiga- 
tion. The following patterns of VAC were found: 

A) No VAC (3 patients), B) No change in VAC time up to the 
point of VA block, suggesting retrograde atrial activation by 
way of the anomalous pathway (AP) (17 patients), C) A gradual 
increase in VAC time (3 patients). As shown by the HBE, 
atrial activation was by way of the His-AV node pathway 
(H-AV). D) No change in VAC time followed by a sudden in- 
crease in VAC time at a critical premature beat interval 
(BPI). Thereafter gradual further lengthening of the VAC time 
(5 patients). This pattern suggested block in the AP at a 
certain PBI followed by conduction via the H-AV, E) A gradual 
increase in VAC followed suddenly by marked prolongation of 
the VAC (1 patient). The HBE suggested that the initial 
gradual increase in VAC was either the result of intraventric- 
ular delay or delay in the AP and that the sudden further pro- 
longation indicated conduction via the H-AV. In 9 patients 
tachycardias could be initiated by a single ventricular 
premature beat. All had the type B VAC pattern suggesting 
VAC by the AP followed by antegrade conduction by way of 

the AV nodal-His pathway. Although theoretically possible no 
tachycardias based upon reentry in the AV junction proper 
could be initiated in patients with the type C, D, or E pattern 
of VAC. This could be explained by the observation from the 
HBE that the greatest delay in VAC was in between ventricular 
muscle and bundle of His and not in the AV-node. 


DIRECT EFFECTS OF METHOXAMINE AND PHENYLEPHRINE ON SINUS 
NODE FUNCTION 

Carl W. White, M.D., Dwain L. Eckberg, M.D., Tohru Ina- 
saka, M.D., Cardiovascular Division, University of Iowa 
and V.A. Hospitals, Iowa City, Iowa. 

Phenylephrine and methoxamine are alpha adrenergic ago- 
nists which are believed to influence heart rate primari- 
ly through activation of baroreflexes. We explored the 
possibility that these agents also directly influence si- 
nus node function, by injecting graded doses upstream 
from a constant flow pump selectively perfusing the sinus 
node artery, in 20 anesthetized dogs. In 12 experiments 
phenylephrine, 0.01 mg produced cardioacceleration aver- 
aging 15+6 (SEM) beats/min; in three, only deceleration 
was seen, and in three the response was biphasic. This 
increase in heart rate was prevented by prior intranodal 
administration of propranolol, 3 mg. Methoxamine, 0.1 mg 
caused exclusively slowing (-18+3 beats/min) which was 
reduced significantly, (to -3+2 beats/min) by intranodal 
atropine, 1.2 mg. In six experiments the sinus node art- 
ery was perfused with blood derived from the femoral art- 
ery of a second, donor dog. Phenylephrine, 2.4% mg, and 
methoxamine, 20 mg, given intravenously to donor dogs 
raised their average systolic arterial pressure from 179 
to 248 mmHg and slowed their average heart rate from 127 
to 73 beats/min. Recirculation of phenylephrine into the 
sinus node artery of the recipient dogs caused tachycar- 
dia, averaging 23+8 beats/min in five experiments, and 
slowing (by 30 beats/min) in one. Recirculation of meth- 
oxamine caused cardiac slowing in all experiments. 

It is concluded that the classic alpha agonists, phenyl- 
ephrine and methoxamine, directly influence heart rate 
through activation of beta adrenergic and cholinergic re- 
ceptors, and that the baroreflex induced heart rate chan- 
ges produced by intravenous injection of these agents may 
be modified by their direct influence on the sinus node. 


MYOCARDIAL INFARCTION DURING CORONARY ARTERY BYPASS 
SURGERY. David Williams, MD; Albert Iben, MD., Edward 
Hurley, MD., FACC; Richard Miller, MD; Joseph Bonanno, 
MD., FACC; Rashid A. Massumi, MD., FACC; Robert Zelis, 
MD., FACC; Dean T. Mason, MD., FACC; Ezra A. Amsterdam, 
MD., FACC. School of Medicine, University of California, 
Davis. 


Although coronary artery bypass surgery (CBS) has gained 
widespread application in the treatment of coronary artery 
disease (CAD), there is little information regarding the 
surgical complications of this procedure. Therefore, in 
100 patients (pts) who underwent CBS analysis was made of 
the incidence of transmural myocardial infarction (MI) 
occurring during the operative procedure. Evidence for 

MI was electrocardiographic (development of 0.04 sec Q 
waves) and/or histologic. Twenty-three pts had new MI 
evident post-operatively. Seventeen of these pts 
survived to discharge from hospital and there were 6 
fatalities. Anatomic site of MI was: anterior 15 pts 
(65%), anteroseptal 5 pts (22%),and diaphragmatic 3 pts 
(13%). There were no differences between the MI and non- 
MI groups (p>.05) with respect to: age, sex, history of 
previous MI, left ventricular end diastolic pressure, 
cardiac index or presence of mitral regurgitation. How- 
ever, the frequency of severe stenosis of the main left 
coronary artery was significantly greater (p<.01) in the 
MI (5/23) than the non-MI group (1/77). ‘There was no 
correlation between disease of the other coronary arteries 
and MI. 

Thus, coronary bypass surgery is associated with a sign- 
ificant incidence of MI to which major disease of the 
main left coronary artery is closely related. 
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ECHOCARDIOGRAPHIC FEATURES OF ENDOCARDIAL CUSHION DEFECT 
Roberta Williams, M.D., Michael Rudd, B.S., M.A., The 
Children's Hospital Medical Center, Boston, Massachusetts 


Endocardial cushion defect (ECD) has a wide range of 
anatomic presentations. Eighteen patients with ECD were 
studied using standard echocardiographic techniques. The 
specific lesions in these patients ranged from simple 
atrial septal defect of the primum type with minimal mi- 
tral regurgitation to complete A-V canal. The most con- 
stant echo finding was that the plane of excursion of the 
anterior mitral valve leaflet (AML) was parallel to the 
interventricular (IV) septum rather than perpendicular to 
it as is seen normally. Therefore, AML excursion was not 
detected with the usual transducer position which dis- 
plays both the IV septum and the posterior left ventri- 
cular (LV) wall. Also, there was apparent discontinuity 
between the superior portion of the AML and the mitral 
valve ring in some patients. Presumably, this discon- 
tinuity occurred at the site of the cleft in the AML. 

In 3 patients with complete A-V canal, a structure 
with a broad sinusoidal excursion was demonstrated to be 
continuous with and lie medial to the leftward A-V valve. 
Its position and movement suggest that it represents the 
central portion of the common anterior leaflet. Other 
investigators have described parallel double mitral 
valve echos as representing the cleft in the AML. It 
has been our experience that double echos usually repre- 
sent redundancy of single valve leaflets. In addition, 
the superior and inferior portions of the cleft AML do 
not usually move in the same plane. 

The echocardiographic findings in ECD reflect its 
varied anatomic presentations. However, the most stri- 
king finding in this study is the abnormal relationship 
of the mitral valve to the IV septum, aortic annulus, 
and posterior LV wall. 


SUPERIOR VENA CAVA PULMONARY ARTERY ANASTOMOSIS 


Vallee L. Willman, M.D., Hendrick B. Barner, M.D., George 
C. Kaiser, M.D., J.Gerard Mudd, M.D. and Leonard F. 
Fagan, M.D., St. Louis University School of Medicine, St. 
Louis, Missouri 


Cyanotic congenital heart disease due to insufficient 
pulmonary arterial flow has been palliated by anastomosis 
of the superior vena cava to the right pulmonary artery 
in 40 patients. The hospital mortality was 5/16 for 
tricuspid atresia, 3/10 for transposition of the great 
vessels, 4/6 for truncus arteriosus, 2/6 for pulmonary 
atresia and 1/1 for tetralogy te give a hospital mortality 
ef 15/39 (38%). Hospital mortality was 6/7 for patients 
under one month of age, 7/16 for those 1-6 months of age 
and 2/16 for those 6 months to 16 years of age. In 14 
patients there was prior, concomitant or subsequent 
banding of, or systemic shunting to the left pulmonary 
artery. There have been 7 late deaths. Seventeen 
patients have been followed 3-8 years after the anastomo- 
sis and late catheterization had been obtained in 10. 
Late occurrance of the superior vena cava syndrome or em- 
belization to the right lung have not been recognized. 
Late occlusion of the anastomosis occurred in two patients. 
This anastomosis results in improved pulmonary blood flow 
and systemic oxygenation without increasing cardiac work, 
protects the lungs from pulmonary hypertension and allows 
definitive cerrection of amenable lesions. 


ABSTRACTS 


IMPROVED IMMUNOSUPPRESSION IN CARDIAC ALLOGRAFTING: 
PROLONGED TRANSPLANT SURVIVAL WITH REDUCTION OF COMPLICA- 
TION RATE. Thomas,F., Wolf, J., Thomas,J., Hudson,B., 
and Hume,D., Medical College of Virginia & McGuire VA 
Hospital, Richmond, Virginia. 

The current one-year survival in clinical cardiac 
transplants is 50%, with most postoperative deaths re- 
lated to (1) rejection, (2) infection, (3) drug toxicity. 
These complications are due to the lack of potency and 
selectivity of the immnosuppressive agents used clini- 
cally. 

Results: Our studies of experimental heterotopic 
cardiac transplantation in mongrel dogs using Imran and 
Prednisone support previous studies demonstrating that 
graft survival time is only slightly prolonged 
(6.5 13-1) days) with 50 to 75% of the animals suffering 
from an infection and/or drug toxicity. Twenty-one dogs 
were given only horse antithymocyte globulin (ATG) and 
had a graft survival time of 13.6 days with a reduced in- 
fection rate of only 10% and a drug toxicity rate of only 
10%. Four dogs given goat ATG had a mean survival of 
13.8 days and infection rate of O% and drug toxicity rate 
of 0%. Four dogs given a limited course of rabbit ATG 
consisting only of 4-5 injections had a mean survival of 
35 days, an infection rate of 0%, and a drug toxicity 
rate of 0%. 

These studies suggest that ATG preparations result in a 
lower infection rate and drug toxicity rate than Imran 
and Prednisone. Most important, however, was the finding 
that rabbit ATG resulted in a markedly prolonged survival 
rate with no infection rate or drug toxicity evidenced. 
Continuing studies in our laboratory suggest that a 
longer course of rabbit ATG will prolong graft survival 
beyond 0 days. 


ORTHORHYTHMIC PACING IN ARRHYTHMIAS 


Fred Zacouto, MD; Louis Guize, MD; Pierre Maurice, MD; 
Alain Gerbaux, MD, Cardiological Clinic, Boucicaut 
Hospital, University of Paris, France. 


The Orthorhythmic Pacemaker (O.P.) is capable to operate 
against fast as well as slow arrhythmias by using two 
independent "on demand" intervention systems in order to 
control premature ectopic beats without the necessity to 
increase the basic stimulation frequency. The O.P. adds 
to the basic frequency an automatically adaptable | 
instantaneous beat to beat intervention frequency which 
delivers a single stimulation only if a premature extra- 
systole or a beginning rapid tachycardia occurs; two 
consecutive extrasystoles may succeed one another so 
rapidly that the second extrasystole overdrives the 
first automatically coupled rapid intervention system; 
in that case a special anti-tachycardia system measures 
the interval between the two succeeding extrasystoles 
and stimulates after an adjustable escape time shorter 
than the previously measured interval. If the preceding 
rapid single stimulation systems fail to reduce the 
premature ectopic beats an optional “automatic demand 
frequency" system can be used which increases tempo- 
rarily and progressively the basic frequency until the 
ectopic beats disappear. The clinical evaluation of the 
O.P. in 31 patients treated in intensive care units has 
shown in seven cases an immediate reduction of prema- 
ture ectopic beats and in two patients an inmediate 
reduction of beginning ventricular tachycardias whereas 
the previous application of a "demand" pacemaker at the 
same basic stimulation frequency did not control these 
rapid arrhythmias. Till now no incident in relationship 
with the use of the O.P. has been observed. 
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erythropoietin production. A review. Thorling EB. 
Scand J Haematol 17:Suppl 17:1-166, 1972 (420 ref.) 


PROSTAGLANDINS 


Inhibitors of lipolysis: potency and mode of action of - 
and -adrenolytics, methoxamine derivatives, 
prostaglandin E 1 and phenylisopropyl adenosine. 
Westermann E, et al. 

Horm Metab Res 2:Suppl 2:47-54, 1970 (51 ref.) 


* Citations obtained from the National Library of Medicine’s MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Amer J Cardiol 28: 366-367, 1971). 
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SYMPATHOLYTICS 


Adrenotropic drugs in lipid mobilization. Wenke M. 
Horm Metab Res 2:Suppl 2:55-62, 1970 (74 ref.) 
Inhibitors of lipolysis: potency and mode of action of - 
and -adrenolytics. methoxamine derivatives. 
prostaglandin E 1 and phenylisopropyl adenosine. 
Westermann E, et al. 

Horm Metab Res 2:Suppl 2:47-54, 1970 (51 ref.) 


SYMPATHOMIMETICS 


Adrenotropie drugs in lipid mobilization. Wenke M. 
Horm Metab Res 2:Suppl 2:55-62, 1970 (74 ref.) 


THROMBOSIS 

Mechanical malfunction and thrombosis of prosthetic 
heart valves. Hylen JC. 

Am J Cardiol 30:396-404, Sep 72 (183 ref.) 
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REVIEWS IN CARDIOLOGY 


VASCULAR DISEASES 


Horizons in cardiovascular pulmonary research. Austen 
WG. Surgery 72:279-89, Aug 72 (57 ref.) 


VASODILATOR AGENTS 


Organic nitrates in angina pectoris. Bogaert MG. 
Arch Int Pharmacodyn Ther 196:Supp!l 196: 25-, Apr 72 
(56 ref.) 


VEINS 


Permanent implantation of arterial and venous 
catheters and lymphatic shunts. McGilliard AD. 
J Dairy Sci 55:1191-9, Aug 72 (58 ref.) 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


CALENDAR OF CONTINUING MEDICAL EDUCATION PROGRAMS 


The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is’ sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


.gram structures vary as to methods of 


education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


LLL 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1973 


JAN. Controversies in Cardiovascular 

10-12 Disease: A Practical Interpreta- 
tion. James R. Jude, FACC, di- 
rector and Hugh Gilmore and 
Morton M. Halpern, FACC, co- 
directors. Sheraton Four Am- 
bassadors Hotel, Miami, Fla. 


JAN. Core Curriculum: Cardiovascular 

11-12 Physiology: Clinical Implications 
of Newer Concepts and Mea- 
surements. William W. Parmley, 
FACC and H. J. C. Swan, FACC, 
directors. Cedars-Sinai Medical 
Center, Los Angeles, Calif. 


JAN. A Perspective on New Tech- 

14-16 niques in Congenital and Ac- 
quired Heart Disease. John H. 
K. Vogel, FACC, director and 
Bruce C. Paton and Leslie L. 
Kelminson, FACC, co-directors. 
Opticon Theater, Snowmass- 
at-Aspen, Aspen, Colo. 


JAN. Stress and the Heart. Robert S. 

29-31 Eliot, FACC, director and 
Richard C. Reynolds and Lamar 
Crevasse, co-directors. Ponte 
Vedra Club, Ponte Vedra Beach, 
Fla. 


FEB. Twenty-Second Annual 
14-18 


Scien- 
tific Session. Samuel M. Fox III, 


FACC, president. St. Francis 
Hotel, San Francisco, Calif. 


FEB. Reconvened Scientific Session. 

19-20 James A. Orbison, FACC, direc- 
tor. Maui Sheraton, Maui, Ha- 
wail 


MAR 5- Course in 
APR 28 


Cardiovascular 
Diseases for Registered Nurses. 
Fred D. Ownby, FACC and Jua- 
nita C. Burns, co-directors. 
Nashville, Tenn. 


MAR 
12-13 


Cardiac Emergencies: A Work- 
shop. Arthur Selzer, FACC, 
H. J. C. Swan, FACC and Keith 
E. Cohn, FACC, co-directors. 
To be presented during the 
Annual Meeting of the California 
Medical Association, Anaheim 
Convention Center, Anaheim, 
Calif. 


MAR. 
12-16 


Consultant's Course in Cardi- 
ology. Simon Dack, FACC, 
Arnold M. Katz, FACC and 
Robert S. Litwak, FACC, co- 
directors. Mount Sinai Medical 
Center, New York, N.Y. 


MAR. 
16-18 


Non-Invasive Methods in Cardi- 
ology, Apexcardiography, Pho- 
nocardiography, Pulse Tracings, 
Systolic Time Intervals and 


Phonoarteriography. Samuel 
Zoneraich, FACC, director. 
Queens Hospital Center, Jamai- 
ca, N.Y. 
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MAR. 
26-28 


Electrocardiographic Interpreta- 
tion of Arrhythmias: A Physio- 
logical Approach. Charles Fisch, 
FACC, director. Indiana Uni- 
versity Medical Center, India- 
napolis, Ind. 


APR. Auscultation, Phonocardiog- 

2-4 raphy and Pulse Tracings: A 
Basic Workshop. Alberto Ben- 
chimol, FACC, director. Moun- 
tain Shadows Resort Hotel, 
Scottsdale, Ariz. 


APR. Cardiology for the Consultant. 

2-11 E. Grey Dimond, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Calif. 


APR. Management of the Critically Ill 
4-6 Cardiac Patient. Henry D. Mc- 
Intosh, FACC, James K. Alex- 
ander, FACC and Edward W. 
Dennis, FACC, co-directors. The 


Methodist Hospital, Houston, 
Tex. 
APR. Non-Invasive Techniques in the 


14-15 Diagnosis of Heart Disease. 
Clarence Agress, FACC and H. 
J. C. Swan, FACC, co-directors. 
Century Plaza Hotel, Los An- 


geles, Calif. 


APR. Current Concepts in Cardiology 
30- —1973. Philip Akre, director and 
John A. Bowers and Masato 
3 Takahashi, co-directors. Cae- 
sar’s Palace, Las Vegas, Nev. 


MAY The Clinical Manifestations of 

23-25 Congenital Heart Disease from 
Birth thróugh Adulthood. Joseph 
K. Perloff, FACC, director and 
Sidney Friedman, FACC and 
William Rashkind, co-directors. 
Hospital of the University of 
Pennsylvania, Philadelphia, Pa. 


MAY How to Collect a Cardiovascular 

7-9 Data Base. J. Willis Hurst, FACC 
and Robert C. Schlant, FACC. 
Royal Coach Motor Hotel, At- 
lanta, Ga. 


MAY A Critical Approach to Cardio- 
17-19 vascular Therapy. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, 


New Members Elected 


The following individuals were elected to 
membership in the American College of 
Cardiology on October 5, 1972 in the cate- 
gory indicated. 


FELLOWSHIP 


APTER, Ronald A., MD, Virginia 

ARBULU, Agustin, MD, Michigan 

AROSEMENA-Neuman, Ernesto, MD, 
Panama 

BALCON, Raphael, MD, England 

BAXLEY, William A., MD, Alabama 

BECKMANN, Charles H., MD, APO San 
Francisco 

BENNETT, W. Tyson, MD, North Carolina 

BENTIVOGLIO, Lamberto G., MD, Penn- 
sylvania 

BILITCH, Michael, MD, California 

BOIS, Marc A., MD, Canada 

BOTTI, Robert E., MD, Ohio 

BRISTOW, J. David, MD, Oregon 

CARMENA, T. Neil, MD, Nevada 

CHABOT, Michel, MD, Canada 

CHICHE, Paul, MD, France 

CO, Richard G., MD, West Virginia 

COHN, Peter F., MD, Massachusetts 

CORNE, Robert A., MD, Canada 

DALESSANDRO, William, MD, Illinois 

DAS, Ratne S., MD, Ohio 

DEELY, William J., MD, California 

DENTON, Clarence, MD, New York 

deWOLFE, Victor G., MD, Ohio 

DOWNING, John W., Jr., MD, Washing- 
ton, D.C. 

EZZO, Joseph A., MD, Florida 

FENIG, Sidney, MD, New York 

FEOLA, Mario, MD, Illinois 

FERLIC, Randolph M., MD, Nebraska 

FOWELL, Donald M., MD, California 

GAU, Gerald T., MD, Minnesota 

GEORAS, Constantine S., MD, Rhode 
Island 

GINEFRA, Paulo, MD, Brazil 

GIVERTZ, Bernard, MD, Maine 

GNOJ, Julian, MD, New York 

GOBEL, Fredarick L., MD, Minnesota 

HALONEN, Pentti 1., MD, Finland 

HANSOTI, Ramesh C., MD, India 

HAUCK, Anna J., MD, New Jersey 

HEINLE, Robert A., MD, New York 

HOOFER, Wilford D., MD, Kansas 


(See a 


HULL, O. Brandon, MD, Texas 
IBARRA-Perez, Carlos, MD, Mexico 
KAMEN, Alan R., MD, Ohio 
KARLINER, Joel S., MD, California 
KHAJA, Fareed, MD, New York 
KINDRED, Lynn H., MD, Missouri 
KONG, Yihong, MD, North Carolina 
KORN, Morton, MD, Florida 
LENOX, Cora C., MD, Pennsylvania 
LESAGE, Charles H., Jr., MD, Colorado 
McCONAHAY, David R., MD, Missouri 
McDONOUGH, John R., MD, Washington 
McHENRY, Paul L., MD, Indiana 
MacLEOD, Cathel A., MD, Ohio 
MARSHALL, Robert M., MD, Colorado 
MARTT, Jack M., MD, Texas 
MASOOD, Anwer U., MD, New York 
MATSUMOTO, Akihiko, MD, Japan 
MEERBAUM, Samuel, PhD, California 
MILLER, D. Edmond, MD, North Carolina 
MULLINS, Charles E., MD, Texas 
MUNDTH, Eldred D., MD, Massachusetts 
MY BURGH, Dirk P., MD, South Africa 
NOBLE, R. Joe, MD, Indiana 
NORMAN, John C., MD, Massachusetts 
O'CONNOR, Thomas M., MD, Wisconsin 
PANSEGRAU, Donald G., MD, Texas 
PAULK, E. Alan, Jr., MD, Georgia 
PILLAY, Raghava P., MD, Malaysia 
QUIROZ, Antonio C., MD, Louisiana 
RABBINO, Michael D., MD, California 
RAMO, Barry W., MD, New Mexico 
REDISCH, Walter, MD, New York 
ROBIN, Erwin, MD, Michigan 
ROBINSON, Charles W., Jr., MD, Okla- 
homa 
ROSENBLUM, Morton A., MD, California 
RUSSELL, John H., MD, North Carolina 
SAADI, Elias T., MD, Ohio 
SANDERS, Charles A., MD, Massachu- 
setts 
SCHOENFELD, Clyde D., MD, Florida 
SCHROEDER, John S., MD, California 
SCHULZE, Victor E., Jr., MD, Texas 
SEALY, Hugh K., MD, Georgia 
SHAH, Pravin M., MD, New York 
SHAPPELL, Stephen D., MD, Oklahoma 
SINKFORD, Stanley M., MD, Washington, 
D.C. 
SPELLBERG, Richard D., MD, California 
WADA, Juro, MD, Tennessee 
WALSTON, Abe Il, MD, North Carolina 


COLLEGE NEWS 
co-directors, Jack Tar Hotel, 
San Francisco, Calif. 


JUNE 
21-22 


Atherosclerotic Heart Disease 
1973. Robert L. Van Citters, 
FACC, John N. Lein, and Harold 
T. Dodge, FACC, co-directors. 
Anchorage Westward Hotel, 
Anchorage, Alaska 


WHITE, Jules, MD, Ohio 

WILSON, William J., MD, Nebraska 
WISHNER, Stanley H., MD, California 
YOUNG, Jess R., MD, Ohio 

ZIPES, Douglas P., MD, Indiana 


ASSOCIATE FELLOWSHIP 


AKBARIAN, Mohammed, MD, Massachu- 
setts 

AZAR, Gordon J., MD, Georgia 

BARRETO, Egeu C., MD, Arizona 

BARROW, Mark V., MD, PhD, Florida 

BARRY, Joseph A., MD, New York 

BECKWITH, William R., MD, Pennsyl- 
vania 

BLOOMFIELD, Stanley T., MD, North Car- 
olina 

BOCKMAN, Albert A., MD, Florida 

BOWERS, John A., MD, Nevada 

BRACHFELD, Jonas, MD, New Jersey 

BULL, Marcia B., MD, Connecticut 

CARROLL, John M., MD, Massachusetts 

CORCORAN, Francis H., MD, Maryland 

CUNDEY, David W., MD, Georgia 

DANIELS, Clarke G., MD, Minnesota 

DRAUR, Ronald A., MD, Nebraska 

ENGLAND, Robert A., MD, Massachu- 
setts 

FOX, |. Ronald, MD, Florida 

GERSHENGORN, Kenneth, MD, Massa- 
chusetts 

GHAHRAMANI, Ali Reza, MD, Florida 

GOSAYNIE, C. Dale, MD, California 

GROSSMAN, William, MD, North Car- 
olina 

GUPTA, Mohinder P., MD, New York 

HAIAT, Robert, MD, France* 

HASSELL, Trevor Austin, MB, Barbados 

HEUPLER, Fred A., Jr., MD, Ohio 

HILSENRATH, Joseph, MD, New York* 

HOFFMAN, Stanley H., MD, California* 

HOLSINGER, James W., Jr., MD, Ne- 
braska 

HUNYOR, Stephen N., MD, Australia 

IVEY, Louis A., MD, Washington, D.C. 

JAIN, Abnash C., MB, Illinois 

JAWNY, Lubomir, MD, New Jersey 

KELLEY, Keith B., MD, Arizona 

KHAN, Mohammad l., MD, New Jersey* 

KLINE, S. Ronald, MD, New Jersey 


*Elected to Membership 6/15/72 
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KUBER, Matthew E., MD, Pennsylvania 
KUEHN, Harold J., MD, Nebraska 
LEWIS, Stephen J., MD, Ohio 
LIEDTKE, A. James, MD, Pennsylvania 
LUBOW, Lawrence A., MD, New Jersey 
LUFSCHANOWSKI, Roberto, MD, Texas 
LUMICAO, Benjamin G., MD, Illinois 
MASCARENHAS, Eugene L., MD, Florida 
MATHES, Peter B., MD, West Germany 
MOHIUDDIN, Syed M., MD, Nebraska 
MUNOZ-Santiago, Agustin, MD, Puerto 
Rico 


NEWBERG, Marc E., MD, Connecticut 

PLOTT, Michael F., MD, Maryland 

PREWITT, Taylor A., MD, Arkansas 

RABKIN, Boris, MD, Maryland* 

RICHARDSON, Charles E., MD, Tennes- 
see 

ROSENBAUM, Herbert B., MD, Ohio 


ROSENBERG, Alan S., MD, New York 
ROSIN, Benjamin L., MD, California 
SNYDER, Stanley N., MD, California 
SPANGLER, Richard D., MD, Colorado* 
WANAMAKER, William, MD, California 
WIEFELS, Frank L., MD, California 
WILENSKY, Allan S., MD, Alabama 


AFFILIATE 


ABELLO, Gustavo E., MD, Illinois 
ARGENTIERI, Mario A., MD, New York 
BENTLEY, John D., MD, Missouri 
BINDER, Paul D., MD, Illinois 
CLEVENGER, Arthur A., DO, Washington 
de ANDA, Manuel, MD, Illinois 
FISHENFELD, Jaco, MD, Arizona 
FRACKELTON, James P., MD, Ohio 
FROUFE-Sanchez, Jenaro, MD, Spain 
GALAN, Jose Luis, MD, Spain 


Certification of Candidates 


The following candidates were certified in the Subspecialty of Cardiovascular Disease 
on October 12, in Los Angeles, California. 


Alabama 
Mobile 
Lester, F. Martin 


California 
Burlingame 


Goldschlager, Arnold W. 


La Jolla 

Ross, John, Jr. 

Shean, Fredric C. 
Los Angeles 

Kattus, Albert A. 

Nedelman, Arnold L. 
Portuguese Bend 

Wagner, Richard 
Sacramento 

Frink, Richard J. 
San Francisco 

Paley, Hyman W. 
Stanford 

Harrison, Donald C. 


Connecticut 
Westport 
Lichtman, Alvin 


Indiana 
East Chicago 
Frahm, Charles J. 


lowa 
Des Moines 

Gordon, David F. 
lowa City 

Heistad, Donald E. 


Massachusetts 
Boston 
Sanders, Charles A. 


Michigan 
Allen Park 
Das, Gopal 


Minnesota 
Minneapolis 

Richards, A. MacDonnell 
St. Paul 

Campion, Brian C. 


Missouri 
Kansas City 
Lee, Gerald B. 


New Jersey 
Ft. Lee 

Berkowitz, Walter D. 
Montclair 

Hasbrouck, Walter H. 


New Mexico 
Albuquerque 
Abrams, Jonathan 


New York 
Binghamton 

Varma, Haridas K. 
Bronx 

Shariff, Mahmood S. 
Cooperstown 

Marx, Herbert J. 
New York City 

Cohn, Lawrence J. 
Rochester 

Easley, Robert M., Jr. 
Scarsdale 

Grossman, James |. 


Ohio 

Cincinnati 
Daoud, Georges |. 
Rosin, Elaine Y. 
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GOLANTY, Stanley A., MD, California 
GONZALEZ, Alberto, MD, New York 
HARRIS, Charles L., MD, Arizona 
KWEE, Tien-Boh, MD, Arizona 
LOZANO, Jose R., MD, California 
MALPARTIDA-Torres, Felix, MD, Spain 
MARTIN-Luengo, Candido, MD, Spain 
MOTOMIYA, Takeshi, MD, Washington, 
D.C. 
MURPHY, Donald H., PhD, New York 
PANTAZOPOULOS, John, MD, New York 
PENA-Flores, Hernan P., MD, Ecuador 
PERLOW, Gerald M., MD, Massachusetts 
SATYANARAYANA, H. V., MD, Michigan 
SCHWEITZER, Daniel L., MD, New York 
SEGIN, Robert S., MD, Pennsylvania 
SMITH, Kenneth Lee, DO, Rhode Island 
SORIANO-Berrueta, Gilberto, MD, Mexico 
WILKE, Ann R., MD, Maryland 
WILLIAMS, Cecil T., Jr., MD, Mississippi* 


Toledo 
Hedge, Kushala K. 


Oregon 
Portland 
Lee, Ting D., Jr. 


Pennsylvania 
Philadelphia 
Kozub, Robert E. 
Pittsburgh 
Begg, Frank R. 


Puerto Rico 
Cupey Bajo 

lrizarry, Luis A. Roman 
Rio Piedras 

Johnson, Charles D. 


Tennessee 
Nashville 
Brown, Kermit R. 


Washington 


Everett 
Prindle, Kirk H., Jr. 








Pulmonary Embolism is a major problem in 
active patients suddenly confined to bed. 
T.E.D. Stockings help prevent thrombosis 
and subsequent pulmonary embolism by 
providing encircling graduated compres- 
sion. The construction and features in both 
the cotton and nylon styles, below knee and 
thigh length, are superior to any other anti- 
embolism stocking available. Let your 
Kendall salesman show you the differences 
and how you can immediately fit most 
patients with one of the available sizes. 
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anti-embolism stockings 


He has reprints of articles on pulmonary 
embolism and an In-Service Program that 
shows the how and why of T.E.D. or write 
The Kendall Company, Hospital Products 
Division, 309 West Jackson Blvd., Chicago, 
IL 60606 for further information. 


Contraindications: In patients with open ulcers, severe 
arteriosclerosis and other ischemic vascular diseases, and 
massive leg edema with imminent pulmonary edema from 
congestive heart disease. Any signs of irritation or red- 
ness of the skin should be carefully noted. 

Caution: Federal law restricts this device to sale by or 
use on the order of a physician. 
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Their’s Absorbs, 
While this would not be done in actual 
practice, this little demonstration with 
the colored water shows what can 
happen with accidental massive fluid 
run-off on an ordinary laparotomy drape 
—and the protection given by the 
CURITY® drape with troughs. When run- 
off occurs, the gown is protected from 
contact with the fluid. 

The area around the fenestration is 
kept dry because run-off is not absorbed 
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Ours Has Troughs’ Built In 


-= CURITY 


innovates again 





by a sponge-like material. In addition to 
maintaining a dry working site, the water- 
proof troughs prevent aspiration, cauteri- 
zation and other instruments from falling 
to the floor. Your Kendall salesman has 
trial samples of the CURITY® laparotomy 
drape with troughs or write The Kendall 
Company, Hospital Products Division, 
309 West Jackson Boulevard, Chicago, 
IL 60606. tPatents applied for. 


MADE ENTIRELY 
IN U.S.A. 


sets the pace 






PHILIPS 


Cardio-Diagnost 
System 


A timely approach 
to Cineangiography 





® IMNV Philips of Holland 


Cineangiography is an exacting procedure with 
patient positioning a most important factor. It be- 
came apparent that it would be helpful to find 
a convenient way to do oblique cine without 
oblique patients. We did; and without using a 
bulky and cumbersome C arm that gets in every- 
body’s way. 


The unique U arm of the Cardio-Diagnost lets you 
scan from neck to pelvis, up and down, longitud- 
inally and laterally—you can even do 60° left and 
right obliques—without ever rotating the patient. 
The patient stays comfortable, catheters stay in 
place and everything’s so much easier. 


The Cardio-Diagnost reduces Lab time since its 
table is separate and on casters. Now your patient 
can be prepped in an adjacent area, wheeled into 
the Lab for the cine procedure (the table gently 
secured to the fixed unit by a positive docking sys- 
tem) and the Lab is soon available for your next 
patient. Less time—more patients. 


You can trust in Philips quality... for trust in Philips 
is world-wide. 


For more information write to: Dept. T/M, 
710 Bridgeport Avenue, Shelton, Conn. 06484 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 
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NOW YOU CAN PARTICIPATE 
IN A MONTHLY MULTIMEDIA PROGRAM 
EXCLUSIVE TO THE FIELD OF CARDIOLOGY 
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AMERICAN COLLEGE OF 
CARDIOLOGY EXTENDED LEARNING 


A multimedia program which brings 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of 
cardiovascular disease to its subscribers each month. Panel discussions, 
interviews with noted authorities, self-assessment, 35 mm slides 

and a monthly persona! continuing education notebook are supplied 
as part of this exciting professional! service. 


Join the more than 4,500 subscribers who are listening each month. 
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Voice for ACCEL™ — E. Grey Dimond, M.D. 
Side 1 


Physician Self-Assessment 
Paul A. Ebert, M.D. and Suzanne B. Kneebel, M.D. 
The Use of the Pill in Heart Disease 
James C. Dillon, M.D. and Wiliam Likoff, M.D. 
Management of the Wolff-Parkinsan-White Syndrome 
David A, Rothbaum, M.D. and Andrew G, Wallace, 
M.D. 


Scanning the Literature 
E. Grey Dimond, M.D. 


Side 2 
The Whens and Whys of Coronary Angiography 

John F. Phillips, M.D. and George G, Rowe, M.D. 
invasive Techniques in Coronary Care—Especially the 
Swan-Ganz Catheter 

Stephen N. Morris, M.D. and Elliot Rapaport, M.D. 


Scanning the Literature 
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CURRENT CARDIOLOGY: 


ECG- DIAGNOSIS: Self Assessment 


By Edward K. Chung, M.D., Professor of Medicine and Director, Electrocardiographic and 
Vectorcardiographic Laboratory; and Donald K. Chung, M.D., Assistant Professor of 
Medicine—both of West Virginia University School of Medicine, Morgantown, West Virginia. 
454 Pages. 229 Illustrations. $12.95. 


This new book describes common electrocardiographic abnormalities including common 
arrhythmias which are frequently encountered in daily practice. It presents 200 electro- 
cardiographic tracings, with a short case history for each to aid in the interpretation of the 
electrocardiogram. A full analysis of each tracing is given on the reverse page, with detailed 
diagrammatic illustrations included for relatively complicated cardiac arrhythmias. In 
addition to the electrocardiographic diagnosis, the pertinent clinical significance and thera- 
peutic approach are included in many instances. 


The question and answer format makes this a handy self assessment reference for all physi- 
cians. Medical students preparing for National or State Board Examinations should find it 
particularly valuable. 


TEXTBOOK OF ELECTROCARDIOGRAPHY 


By David Littmann, M.D., Chief, Cardiology Section, Veterans Administration Hospital, 
West Roxbury, Massachusetts. 576 Pages. 627 Illustrations. $22.50. 


This comprehensive and richly illustrated new text is intended to help the practitioner and 
student understand the genesis and interpretation of the electrocardiogram. Based on over 
twenty-five years of personal experience, Dr. Littmann’s book contains 627 illustrations, most 
of which were recorded on photographic recorders to preserve minute details and subtleties. 
Examples of all the ‘‘ textbook” normal and abnormal electrocardiograms are included, plus 
a sufficient number of usual though less classic forms to approximate the range of possible 
electrocardiograms. This text should prove invaluable to the medical student and resident 
in internal medicine. In addition, the illustrations are sufficiently inclusive to serve as an 
atlas of electrocardiography for the cardiologist and internist. 


CLINICAL CARDIOLOGY 


By Velva Schrire, M.D., Ph.D., M.Sc., University of Cape Town, South Africa. 1972. 
660 Pages. 161 Illustrations. (Available in U.S. and Canada only!) $15.00. 


ord edition. The scope and purpose of this new book has been and still is concerned with the 
clinical examination of the heart and circulation. Starting with patient history-taking, 
Dr. Schrire has revised and amplified this edition to include major advances in the fields of 
therapy, coronary vascular disease, electrophysiology and others. Discussions of congenital, 
rheumatic, and hypertensive heart diseases, cardiovascular syphilis, cor pulmonale and 
miscellaneous conditions are all included in this well-illustrated book. 


PHONOCARDIOLOGY: Integrated Study of Heart Sounds and Murmurs 


By Jozef Wartak, M.D., Research Cardiologist, Department of Medicine, Queen’s University, 
Kingston, Ontario, Canada. 168 pages. 155 Illustrations. $17.50. 


This new book provides a wealth of knowledge about the heart’s auscultatory phenomena in 
the most complete, logical, clear and illustrative way. It combines the classical technique 
of auscultation with a modern graphic recording of heart sounds and murmurs; discusses 
physical aspects of acoustic phenomena of the heart; provides onomatopoeic simulation of 
auscultatory phenomena; contains numerous illustrations to aid in the visualization of all 
important concepts and phenomena; describes new techniques for analysis of heart sounds 
and murmurs (timing devices, analog and digital computers); and presents techniques for 
teaching the identification of auscultatory phenomena of the heart. 
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Books That Get to the Heart of the Matter 





Echocardiography—Feigenbaum 


xiii plus 239 pages, 7” x 10”. 193 illustrations. New. 1972. $11.00. 
(ISBN: 0-8121-0406-4). 


Progress in Cardiology #2 
—Yu & Goodwin 


About 300 pages. 118 illustrations. New. 1973. In preparation. 


Treatment of Heart Disease in the Adult 
—Rubin, Gross & Arbeit 


xv plus 506 pages, 7” x 10”. 
139 illustrations. New (2nd) edition. 1972. $27.00. 
(ISBN: 0-8121-0390-0). 


Cardiac and Vascular Diseases—Conn & Horwitz 


Two volumes totaling 1878 pages, 7” x 10”. 
605 illustrations. Complete index in both volumes. 102 Contributors. 1971. $39.50. 
(ISBN: 0-8121-0043-3). 


Clinical Disorders of the Heart Beat—Bellet 


x plus 1317 pages, 7” x 10”. 1150 illustrations on 470 figures. 6 plates in color. 120 charts. 
32 tables. 3rd edition. 1971. $52.50. (ISBN: 0-812 1-0307-6). 


Progress in Cardiology. #1—Yu & Goodwin 


xii plus 283 pages, 7” x 10”. 123 illustrations. 19 Contributors. 1972. $15.00. 
(ISBN: 0-8121-0326-2). 


Primer of Vectorcardiography—W insor 


xi plus 307 pages. 217 illustrations. 30 tables. 1972. $14.00. 
(ISBN: 0-8121-0319-X). 


Plain Film Interpretation in Congenital Heart Disease—Swischuk 


xiii plus 222 pages, 7” x 10”. 244 illustrations on 208 figures. 5 tables. 1970. $12.50. 
(ISBN: 0-8121-0282-7). 


Publishers of Zuatity Books Since 1785 


LEA & FEBIGER PHILADELPHIA, PA. 19106 


Canadian Agent: The Macmillan Co. of Canada, Ltd., 70 Bond St., Toronto 2. 
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LIGHTEST WEIGHT of all por- 
table battery-operated defibril- 
lators, just 19 Ibs. SMALLEST... 
just 16x19x6” in a molded plastic 
Case. 


The first computer defibrillator 


No more defibrillator testing...the CompacSs does it automatically. 


Now HEALTH TECH, the company that pioneered the DT-271 Defibrillator Tester... brings you a com- 
puter Defibrillator THAT NEVER NEEDS TESTING. 


COMPAC/ss contains a miniature computer which instantaneously calculates the energy actually 
delivered to the patient and displays it together with the intended energy setting to permit immediate 
appraisal of the technical accuracy of each shock. 


COMPAC/ss features the exclusive Ergostat™ energy servo system which greatly reduces the notor- 
ious unpredictability in patient delivered energy present in current defibrillators.“ Now, the silent and 
often serious technical ambiguities of defibrillation episodes are either eliminated or unmasked so the 
immediate corrective action can be taken. 









Now!! Health Tech combines the only COM- 
PUTER defibrillator with space-age MEMORY 
display and synchronizer in a single por- 
table unit. Human engineered for quick- 
response emergency applications de- 
manding the utmost in reliability and 
simplicity of operation. 


8300 Dodge Street 


™Ergostat is a trademark of Health Tech Labs, Inc. U.S. Patent pending Omaha, Nebraska 68114 
*Stratbucker, R. and Schuder, J., JAAMI, April 1972 (Reprints available on request from Health Tech) es 








For a demonstratios, call or write B. Dean 
Holliday, Sales ratio Phone (402) 393-7800 HEALTH TECH 
TWX 910 — 622-0580. West Dodge Medical Bldg. 
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new aids to diagnosis 
i in the 
cardiovascular field 


Diagnosis of 
PERIPHERAL VASCULAR 
DISEASES 


By A. Kappert, MD, and T. Winsor, MD 


Office diagnosis of vascular disorders is well served by 
this important new work. The book systematically and 
thoroughly discusses disorders of the arteries, veins, 
lymphatics and capillaries of the limbs. Modern investi- 
gative methods and special techniques are described in 
detail, with special tables containing conceptual outlines 
for diagnosis and classification of illnesses. 

The second section of the book is devoted to specific 
diagnosis of various diseases, liberally illustrated with 
case reports. Reproduction of the illustrations through- 
out is remarkably fine. 


314 pages, 368 illustrations. $32.00 


now complete! 
Volume 4 


CARDIOVASCULAR CLINICS 
Albert N. Brest, MD, Editor-in-Chief 


Three outstanding numbers comprise Volume 4 of the 
well-respected Cardiovascular Clinics series: 


1. Cardiomyopathy. (George E. Burch, MD, Guest Editor) 
Takes up pathology, physiology and diagnosis of heart 
muscle diseases, describes syndromes produced by 
various causes, covers treatment and management. 410 
pages, 139 illustrations. 

2. Clinical-Pathologic Correlations 1. (Jesse E. Edwards, 
MD, Guest Editor) Clinical signs and symptoms over a 
wide range of disorders are correlated to pathologic 
findings at autopsy. Shows many gross and microscopic 
views. 368 pages, 229 illustrations. 

3. Pediatric Cardiology. (Mary Allen Engle, MD, Guest 
Editor) This excellent number presents a well-reasoned 
approach to pediatric cardiology as it discusses the 
various anomalies and approaches to diagnosis and 
treatment. 492 pages, 146 illustrations. 

Each number, $12. Volume complete, $27.50 


Essentials of 
HEART RHYTHM ANALYSIS 


By Ira W. Weiss, MD 


This is a compact manual which presents the electro- 
physiology of cardiac rhythm, covers many commonly- 
encountered disturbances of rhythm and impulse con- 
duction, and provides an orderly approach to the 
analysis of cardiac rhythm. 

The mechanisms of rhythm are emphasized, rather than 
mere descriptions, and a simple five-stage method is 
given to help in solving relatively difficult rhythm 
problems. 

280 pages, 547 illustrations. $6.95 (paper) 


Essentials of 
PEDIATRIC CARDIOLOGY 


By James H. Moller, MD 


Here is a concise new text which provides guidelines to 
correct diagnosis of the pediatric cardiac patient. Simple 
and orderly presentation of material also helps to prop- 
erly assess the severity and hemodynamics of the 
anomaly. The text covers: Diagnostic Methods; Specific 
Malformations; Acquired Cardiac Conditions; Cardiac 
Conditions in the Neonate; Management and Treatment. 


108 pages, 39 illustrations. $3 (paper) 


From CARDIAC CATHETERIZATION 
DATA to 
HEMODYNAMIC PARAMETERS 


By Sing San Yang, MD, Lamberto Bentivoglio, MD, 
Viadir Maranhao, MD, and Harry Goldberg, MD. 

“It is difficult to think of any other practical manual which 
contains all this information in such an accessible and 
useful form. It should prove invaluable to all those who 
have to interpret hemodynamic data, from the most 
simple to the more complex, and it will be equally useful 
both to those who carry out the cardiac studies and to 
the physicians at the receiving end who have to try and 
understand them.” British Medical Journal 


318 pages, 129 illustrations. $12. 


F. A. DAVIS COMPANY - Blackwell Scientific Publications 


Please send, on 10 days’ approval, 


[] 5220. Kappert, Peripheral Vascular Diseases, $32 
C] 9804. Volume 4. Cardiovascular Clinics, $27.50 
[] 9705. Yang, Cardiac Catheterization Data, $12 


Name 
City 
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F. A. Davis Company, 1915 Arch Street, Philadelphia, Pa. 19103 


1.AJC.73 


[] 9215. Weiss, Heart Rhythm Analysis, $6.95 
[] 6290. Moller, Pediatric Cardiology, $3.00 


Address 


State Zip 


The MEDI-TEK Cardiac Analyzer 
is an unprecedented innovation in 
cardiac care products. Existing 
cardiac monitoring products are 
technically limited to detecting 
ventricular arrhythmias. The MEDI- 
TEK Cardiac Analyzer is uniquely 
designed to detect and analyze 
ALL arrhythmias and conduction 
defects. Sinus Bradycardia. Sinus 
Tachycardia. Atrial Dysrhythmias. 
Junctional Rhythms. A-V Heart 
Block. Ventricular Dysrhythmia. 
And just as important, the MEDI- 
TEK Cardiac Analyzer can be used 
in the home or in the hospital. In 
fact, just about anywhere. 


How does it work? 

The MEDI-TEK Cardiac Analyzer 
measures the R-R, P-P and P-R 
intervals and the ORS duration of 
the ECG. When the cardiac interval 
exceeds programmed limits, an 
audible signal is triggered and 


ee the MEDI-TEK Cardiac Analyzer in actual operation. Visit booths 540 & 439 at the American College of Cardiology exhibits 


MEDI-TEK’s illuminated display 
panel indicates which measurements 
have been exceeded. The deviant 
cardiac episode is then held in an 
ELECTRONIC MEMORY BANK 
until a print-out of the data is 
obtained. The equipment is also 
capable of transmitting the 
arrhythmia data by phone. 


There’s a MEDI-TEK Cardiac 
Analyzer model for all circum- 
stances of patient care: 


MEDI-TEK Cardiac Event Recorder: 


(Model 100 CER) For Holter 
diagnostic procedures. Detects and 
analyzes transitory arrhythmias. 
Eliminates costly scanning. 


MEDI-TEK Patient Portable Cardiac 


Analyzer: 
(Model 200 PP) Miniaturized for 
ambulatory patients with telephone 


coupling capability. 


MEDI-TEK Hospital Stand-alone 
Cardiac Analyzer: 

(Model 300 HS) For the individual 
bed. Hard-wired or telemetry. 


MEDI-TEK Hospital Console Cardiac 
Analyzer: 

(Model 400 HC) For the CCU/ 
ICU—hard-wired or telemetry. 


All MEDI-TEK models are 
completely automatic (eliminating 
the need for constant medical 
supervision) and manufactured in 
accordance with the highest 
standards of reliability and accuracy. 


Questions? Write or phone: 


MEDISCIENCE TECHNOLOGY CORP. 


25 Lees Avenue 
Collingswood, N.J. 08108 
(609) 858-8811 
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STREPTOCOCCI AND 
STREPTOCCAL DISEASES: 


Recognition, Understanding, and Management 


edited by LEWIS W. WANNAMAKER, 
and JOHN M. MATSEN 


This volume presents extensive and up-to-date coverage 
of the biology of the genus Streptococcus and the patho- 
genesis of the diseases with which it is associated. Pre- 
pared by a number of distinguished investigators, it dis- 
cusses in detail various aspects of the basic microbiology, 
immunology, epidemiology, and clinical features of strep- 
tococci and streptococcal disease. It also covers the role 
of streptococci in dental problems and veterinary disease 
and presents important recent ob- 
servations on the socioeconomic 
and demographic aspects of rheu- 
matic fever. 1972, 646 pp., $27.50 


TRANSPLANTATION 
ANTIGENS 


Markers of Biological 
Individuality 


edited by BARRY D. KAHAN, and 
RALPH A. REISFELD 


This volume synthesizes the avail- 
able information on the ontology, 
phylogeny, cell and tissue distribu- 
tion, cross-reactivities, and biologi- 
cal characterization of transplanta- 
tion antigens. It emphasizes the 
properties of materials solubilized from cell membrane 
surfaces—a procedure which does not change the marker’s 
biological properties. In addition, it describes a tool for 
attacking fundamental problems of biological individuality: 
chemical analysis of soluble antigens has shown that the 
specificity is determined by primary protein structure. 
1972, 566 pp., $26.50 


HEMODIALYSIS: 
Principles and Practice 
edited by GEORGE L. BAILEY 


This book offers an invaluable compilation of data—from 
both the literature and from the author’s own research—on 
uremia and hemodialysis. It covers the following topics: 
description of uremia and how it is affected by dialysis; 
detailed analysis of drug therapy in patients with renal 
failure—including problems of anesthesia and drug elec- 
trolyte content; stepwise description detailing the opera- 
tion of two commonly used artificial kidneys; listing of 
substances known to be dialyzable; in-depth coverage of 
psychosocial problems and patient response. 1973, about 
390 pp., in preparation 


COMPLETE TRANSPOSITION 


OF THE GREAT ARTERIES 
by REDA M. SHAHER 


The book discusses the anatomy and embryology of the 
normal heart, classification and definition of transposition, 
experimental production and embryogenesis, cardiac and 
extra cardiac pathology, clinical features, electrocardiog- 
raphy, vectorcardiography, chest radiography, hemody- 
namics and angiocardiography, prognosis, and medical 
and surgical management. It also contains 130 illustrations, 
98 tables, and about 1,500 references. April 1973, about 
500 pp., in preparation 


MICROVASCULAR RESEARCH 
An International Journal 


editors: GEORGE P. FULTON, DAVID SHEPRO, 
and BENJAMIN ZWEIFACH 


Microvascular Research publishes the results of original 
research related to the microvascular field and stresses 
fundamental work. The journal is intended to provide a 
forum for research within a variety of disciplines such as 
biochemistry, bioengineering, biomathematics, biophysics, 
circulatory homeostasis, comparative physiology, neuro- 
pharmacology, pathology, rheology, and others. Vo/umes 
5-6, 1973 (Bi-monthly), $27.00 per volume 

(Please add $1.80 for postage outside U.S.A. and Canada) 


@ 
ACADEMIC 


PRESS 


New York and London 
111 FIFTH AVENUE 
NEW YORK, N. Y. 10003 





CARDIAC HYPERTROPHY 
edited by NORMAN R. ALPERT 


This book discusses the hormonal environment necessary 
for stress-induced growth and the factors involved in the 
initiation and maintenance of the enlargement. Special 
attention has been given to the altered composition of the 
hypertrophied heart, as well as to the ultrastructural cor- 
relates of the altered constituents. After discussing the 
cellular basis for the hypertrophy, the book considers the 
mechanical and energetic correlates of the enlargement 
and includes evidence collected from intact hearts and 
muscle strips from man and a variety of animals. 1971, 
664 pp., $26.50 


THE CIRCULATING 
PLATELET 


edited by the late 
SHIRLEY A. JOHNSON 


This comprehensive treatise covers 
the structure, biochemistry, physiol- 
ogy, immunology, and applied as- 
pects of blood platelets. Written by 
international authorities in the field, 
it brings together the latest informa- 
tion on in vivo platelet behavior and 
the role of platelets in hemorrhage, 
especially hemostasis and throm- 
bosis. Special attention is given to 
such topics as: production and life- 
span, morphology, and energy 
metabolism of platelets; platelet 
glycoproteins and platelet protein; thrombosthenin; func- 
tion of platelet membranes; platelet aggregation; endo- 
thelial supporting function; role of platelets in blood clot- 
ting, hemostasis and thrombosis, and fibrinolysis; im- 
Ya aalan reactions involving platelets. 1971, 622 pp., 
31.25 


RES 


Journal of the Reticuloendothelial Society 
editor-in-chief: J. W. REBUCK 


RES—JOURNAL OF THE RETICULOENDOTHELIAL SO- 
CIETY is an interdisciplinary journal covering immunol- 
ogy, biochemistry ‚hematology, pathology, pharmacology, 
physiology, biophysics, and their ultrastructural aspects. 
It presents articles dealing with such aspects of the 
reticuloendothelial system (RES) as host defense reactions 
to physiological, pharmacological, and physical stresses 
and to foreign substances (including microorganisms, tis- 
sue transplants, and drugs), and experimental hematology 
of leukocytes. It also provides specific coverage of im- 
munobiology, the host-parasite relationship, specific and 
nonspecific resistance, metabolism, tumorigenesis, shock, 
stem cell development, clinical research, biochemical 
pharmacology, transplantation, and cellular enzymology. 
Volumes 13-14, 1973 (Monthly), $60.00 

(Please add $3.60 for postage outside U.S.A. and Canada) 


CHRONICALLY IMPLANTED 
CARDIOVASCULAR 
INSTRUMENTATION 

edited by ERNEST P. McCUTCHEON 


This book, based on a symposium held at the University 
of Kentucky, October 18-20, 1971, reports on the most 
significant recent advances in cardiovascular research in 
chronicalfy implanted animals. It brings together pre- 
viously scattered information on new techniques, as well 
as improvements in existing techniques. Subjects are dis- 
cussed from a practical rather than a theoretical stand- 
point. The book is divided into five main sections— 
Significance of Chronically Implanted Cardiovascular In- 
strumentation, Transducer Selections and Properties, Im- 
plantation Techniques, Signal Processing, and Future 
Developments. 1972, about 480 pp., $14.50 
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= The effect of 
premature single cell failure 


eliminated. 


ESB MEDCOR, INC. 


ESB Medcor demand and fixed rate pacers feature 
a redundant battery system that eliminates the 
effect of premature single cell failure. 

An efficient low voltage circuit and a 2mm elec- 
trode system combine to decrease the drain on the 
battery and enhance the extension of useful life. 
The circuit design slows the battery depletion 
characteristics typically associated with other 
pacers and allows easy determination of impend- 
ing battery depletion. 

Well defined performance characteristics of the 
pacer make it compatible with contemporary pacer 
follow-up systems, thereby reducing the incidence 
of emergency pacer replacement. 


The design allows the pacer to be small and 
lightweight, reducing the problem of erosion and 
migration. 

ESB Medcor pacers are made in the United 
States with quality components and manufacturing 
procedures; sold and serviced world wide. For 
more information see your telephone directory for 
the nearest ESB Medcor office or contact: 





ESB Medcor, Inc. 

22 South Washington Street 
Park Ridge, Illinois 60068 
(312) 696-3211 


The 22nd Annual 


Scientific Sessions of the 
American College of Cardiology 


SAN FRANCISCO / FEB. 14-18 


For further information and registration forms, 


write: American College of Cardiology 
9650 Rockville Pike 


Bethesda, Md. 20014 
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The 





IFM/Minnesota 
Impedance Cardiograph 


A NONINVASIVE SYSTEM TO MONITOR CARDIOVASCULAR PARAMETERS 


Stroke Volume Cardiac Contractility Peripheral Circulation Intra-thoracic fluid changes Cardiac Output 


Documented by leading professional publi- 
cations and clinical investigators, the instru- 
ment provides BEAT-TO-BEAT outputs 
displaying the mechanical action of the 
heart throughout the cardiac cycle in a 
QUANTITATIVE manner. 


The technic is non-invasive, simple to use 
and reliable to an accuracy comparable to 
dye dilution. 


It provides valuable data as a primary clini- 
cal and surgical monitor. 


N 
mo p 






intra-thoracic fluid changes indicated by 
direct display correlate well with data ob- 
tained by the double clearance technique. 


calibration 
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Stroke volume, cardiac out- 
put, cardiac contractility 
and other cardiac dynam- 
ics are derived non-in- 
vasively by placing the 
electrodes on the chest. 





The instrument provides a 
simple and well docu- 
mented means of observ- 
ing peripheral circulation. 
The application shown 
illustrates its use on the leg. 









calibration calibration 
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INSTRUMENTATION FOR MEDICINE INC. 


Dept.C ® 283 GREENWICH AVENUE ® GREENWICH, CONNECTICUT 06830 
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A decade later... 
the Isotopic Pacemaker 





isotopic Pacemaker, Laurens-Alcatel 
Model 9000. Energy source is Pu2?® with 
a half-life of 87 years. Hermetically 
sealed titanium shield protects against 
electro-magnetic Interference. 


It was in the early 1960’s that our im- 
plantable pacemaker became the treat- 
ment of choice for symptomatic chronic 
heart block. A dozen years and 100,000 
pacemakers later, Medtronic pacemak- 
ers remain first choice of the majority of 
the world’s implanting physicians. 


Our Isotopic Pacemaker — which could 
well prove to be the major pacemaker 
innovation of the 70’s—uses the same 
reliable electronics as other Medtronic 
pacemakers, but has in addition a 
unique radioisotopic fuel cell as its 
energy source. Heat generated by the 
Pu238 isotope as it decays is converted 
into electricity to power the pacemaker. 
Radiation at the pacemaker surface is 
minimal —less than that emanating from 
the luminous dial of a wristwatch. 


Over 100 patients have so far received 
the Isotopic Pacemaker and the units 
have performed as intended. It appears 
at this point— after nearly three years of 
clinical use—that the Isotopic Pace- 
maker is both safe and effective, and 
that the isotopic fuel cell is indeed a 
promising approach to the need for a 
long-term power supply for implantable 
devices. 


Other Medtronic innovations — though 
less dramatic—are just as effectively 


extending the life of chemical cell pace- 
makers. Such methods as reducing the 
duration of the pacing stimulus, judi- 
cious sizing of the pacing electrode, 
and perfect matching of the pulse gen- 
erator/lead system reduce battery drain 
by as much as 50 percent, adding many 
months of life. 


Medtronic can draw on these many 
years of pacing experience to meet your 
particular pacing requirement. For ex- 
ample, we have just put together a 
detailed guide on AEC licensing pro- 
cedures and protocol for physicians 
wishing to participate in the investiga- 
tion of our Isotopic Pacemaker. For 
additional information, call or write, 
Medtronic, Inc., or contact your local 
Medtronic representative. 


Li Medtronic Inc. 


3055 OLD HIGHWAY EIGHT, MINNEAPOLIS, MINNESOTA 55478 U.S.A. 
AREA 612 1781-6061 






pon amw 
vona e emis te 


oy m 
somes S oe o 


THERMODILUTION CARDIAC 
OUTPUT METER AND 
INTEGRATOR 


@ An intermediate instrument between the simple 
bridge and full scale computer. 

@ Battery operated—no shock hazards. Rechargeable. 

@ Will work with any thermistor catheter on the market; 
Swan-Gantz balloon flow-directed catheter included. 

@ Equipped with a recorder output. 

@ Provides information on the area under the dilution 
curve. 

è Price: $1,400.00. 


CARDIAC OUTPUT COMPUTER 





THERMO AND DYE DILUTION 
CARDIAC OUTPUT COMPUTER 


@ Equipped with Thermodilution and/or Dye Dilution 
Densitometer 

Easy calibration, automatic zeroing. 

Remote control by foot switch. 

Digital readout in L/min. 

Recorder outputs. 


COLUMBUS INSTRUMENTS 


T Div. of International Instruments Co. 
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P. O. Box 5244 Columbus, Ohio 43212 
Telephone: (614) 288-6176 





p-—-—-—----——-—-------—------------- 


A special offer for new subscribers 
to the world renowned “‘Green Journal” 


THE AMERICAN JOURNAL OF MEDICINE 


14 issues for the price of a regular one 
year (12 issues) subscription 


Editor 
Arthur J. Antenucci, M.D. 


Associate Editor 


William J. Grace, M.D. 


Recognition of the esteem the “Green Jour- 
nal’ has achieved in the physician's continu- 
ing education is attested to by its circulation 
of 28,000, by far the largest of any independ- 
ent, internal medicine journal. 


Take advantage of this special introductory 
offer now. Use order form below. 


THE AMERICAN JOURNAL OF MEDICINE 
666 Fifth Avenue, New York, N.Y. 10019 


Enter my subscription to THE AMERICAN JOURNAL 
OF MEDICINE for 14 issues effective with the cur- 
rent issue—but | pay only $18.00, the one year 
(12 issues) rate. 

(Canada, $19.00; Foreign, $25.00) 


O Payment enclosed oO Bill me 
Name 
Address 
City State ZipCode" 


My Specialty is: 


A Yorke Medical Journal—Dun-Donnelley Publishing Corp. 


CoN Tt oLIRen 5RAPH 


IMPROVE MONITORING VIGILANCE 





Changes and time rate revealed! 


This new CRT real-time contourograph greatly facilitates monitor- 
ing of ECG waveform data. It uniquely measures and displays 
instantaneous cardiac rate, trends in cardiac rate, arrhythmias, 
and alterations of conduction activity. See it work this February at 
Booth 904, American College of Cardiology, in the San Francisco 
Civic Center. Or write: 





TECHNOLOGY INCORPORATED 


INSTRUMENTS AND CONTROL DIVISION 
P. O. Box 3036, Overlook Branch, Dayton, Ohio 45443 
Tel. (513) 426-2405 TWX: 810-450-2620 
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Keeps low-sodium patients 
from cheating themselves. 


Most salt substitutes have an unpleasant metallic aftertaste. 
Not Adolph'’s. It really seasons like salt. It’s granulated, too. Comes 
in a shaker bottle. So it looks and sprinkles like salt. The flavor won't 
fade in cooking, either. And it contains mono-potassium glutamate 
to enhance the natural flavor of food. 

Adolph’'s Salt Substitute contains less than 1 mg. of sodium per 
teaspoon, and it’s a valuable source of supplemental potassium. 

It's sold at food stores in two varieties — 


Regular: Potassium chloride, glutamic acid, mono-potas- 
sium glutamate, silicon dioxide, tartaric acid, potassium 
iodide .01%. 

seasoned: Potassium chloride, sugar, spices, mono-potas- 
sium glutamate, glutamic acid, silicon dioxide, tartaric acid, 





vegetable oil. 


For free physician's samples, write to Adolph’s Ltd., P.O. Box 


828, Dept. SM, Burbank, California, 91503. 
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for clinical 
applications 


è Designed for clinical O.R. 
or cath lab use 


è Easily applied handle- 
type probe 


® Patient safety assured 
through isolation circuitry 


® Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


FLOW 
PROBES 


for 
clinical 
applications 


@ Convenient, handle-type 
probe with positive 
capture slide 


è Designed for O.R. and 
cath lab use 


® For rapid analysis of 
flow through exposed 
blood vessels 


@ Use with Biotronex 
clinical blood flowmeter 








i ‘| SUBSTITUTE : 


a? z 
N NA Ss) 


Sar pett OA 





FLOW 
PROBES 


@ Use with heart-lung 
machine, artificial kidney 
or similar systems 


@ Iron core construction 
provides high sensitivity 
and accuracy 

è Operates with BLI 


research and clinical 
blood flowmeters 


@ Available in sizes to fit 
most tubing 


Biotronex Laboratory, BRAGS. 9153 Brookville Rosd Silver Spring, Maryland 20910 Phone: 301/588-6400 A 
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PUT YOUR PATIENT IN THE 


KERWIT 


RADIOLUCENT 
BED 





X-RAY /FLUOROSCOPE THRU THE ENTIRE BED 
WITHOUT MOVING YOUR PATIENT! 


x The ONLY COMPLETELY X-Ray f Fluoroscope Permeable Bed 
* The ONLY COMPLETELY Non-Conductive Bed 
*x The ONLY COMPLETELY SAFE All-Hydraulic Bed 


STOP IN AND SEE IT AT THE FOLLOWING MEETING 
American College of Cardiology — San Francisco, California 


FEBRUARY 15-17, 1973 


CALL OR WRITE FOR MORE INFORMATION 


RWIT MED p : U. S. Patent 3,503,082 

ICAL PRODUCTS, Inc Candia 885 693 

9. BOX 23 Great Britain 1,242,629 

Germany 2,002,241 

IR LAWN, NEW JERSEY 07410 Argentina 181692 
ephone: Area Code 201—791-3440 Other Patents Pending 


© Kerwit Medical Products Inc. 1972 
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and pressure simultaneously 


This NEW Velocity-Pressure Catheter recorded together with flow and 
— Series 1100 — incorporates both pressure data. The completely closed 
CME electromagnetic flow velocity catheter requires no flushing. The 


transducer” and the Millar Series 1100 is sensitive to flow over 
Instruments MIKRO-TIP*™ pressure rather than through the transducer. 
transducer; in a single 8 French The side-mounted pressure sensor is 
catheter. It is designed for use with insensitive to flow and “catheter 
CME Blood Flowmeters. Analysis of whip.” Its 20 KHz frequency response 
many hemodynamic relationships permits detection of heart sounds. 
have awaited the development of this Models are available with either the 
important tool for the study of flow or pressure transducer on the 
cardiovascular parameters. Cali- distal end of the 125 cm catheter. 


bration can be obtained in vivo and All models are radiopaque. 
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MOUNT SINAI SCHOOL OF MEDICINE 
OF 
THE CITY UNIVERSITY OF NEW YORK 
THE PAGE AND WILLIAM BLACK POST-GRADUATE SCHOOL OF MEDICINE 
POST-GRADUATE COURSE IN CARDIOLOGY 


“PRESENT STATUS OF COMPUTER ECG AND VCG ANALYSIS” 


Under the Direction of 
Leon Pordy, M.D., Harry L. Jaffe, M.D., 
Kenneth Chesky, M.D., Charles K. Friedberg, M.D., 
Arnold M. Katz, M.D. and Guest Lecturers. 


February 26, 1973 
Friday 
9:00 a.m. to 5:00 p.m. 
at 


The Mount Sinai Medical Center 
Fifth Avenue & 100th Street, New York, New York 10029 


The Division of Cardiology of the Department of Medicine offers this course to cardiologists, general practitioners and 
all interested specialists. 


This course introduces the principles involved in.computer analysis of the electrocardiogram and vectorcardiogram in 
clinical cardiology. The methods and equipment utilized will be demonstrated. This will be followed by a detailed 
presentation of the results obtained in the recording and interpretation of 1) arrhythamias, 2) normal records, and 3) 
the various abnormal cardiac conditions, such as LVH, RVH, BBB, myocardial infarction, etc. Automation of the 
hospital heart station by computer will also be included. Practical considerations concerning comparative and 
pediatric programs will be discussed. The lecture material will be followed by a work-shop with direct participation 
by those attending the course. This will be based upon a description booklet, which will be provided, containing 12 
unknown tracings, each followed by computer printouts and clinical data. The program is acceptable for 7 prescribed 
hours by the American Academy of Family Physicians. 


FEE: $35.00 


FOR CATALOGUE AND APPLICATIONS WRITE: Registrar, The Page and William Black Post-Graduate 
School of Medicine, Mount Sinai School of Medicine, Fifth Avenue & 100th Street, New York, New York 10029. 
Telephone number (212) 876-1000, Extension number 8384. 





Obtain bioodtiow velocity 


from a single catheter 


CAROLINA MEDICAL ELECTRONICS, INC. 


P. 0. BOX 307, KING, N. C. 27021 USA TELEPHONE (919) 983-5132 





*Pats. 3,487,826; 3,516,399 Pat. Pending 











the Batter 
operated Clinical 
‘lowmeter! 


‘Micron MU- 1001 -B 


e ae - my.1001-8 


MEAN NORMAL HIGH ZERO CAL 


ON E — FACTOR 
OFF "4 A i 








Visit BOOTH 525 and see Also, remember to ask us 
the first battery operated clini- about our medical pressure 
cal flowmeter. Discuss with transducers. You know... . 





us the many advantages of 
battery operation, and other 
features like pushbutton range 
selection and  non-occlusive 
zero. 


MICRON 
INSTRUMENTS, INC. 


1519 PONTIUS AVENUE 
LOS ANGELES, CA 90025 (213) 478-0964 


the one they drop nine stories. 
It just might solve your repair 
problems! 


See you at BOOTH 525 
February 15, 16 and 17 


AMERICAN COLLEGE OF CARDIOLOGY 
BROOKS HALL, San Francisco Civic Center 


Now your patients can transmit 
their own ECGs in less than 
a five seconds, no matter where 


they happen to be. i 

New CardioTEL transmits C q TE L 
ECG signals almost ar IO 
instantaneously through real 

time telemetry into the CCU. Telemetry System 


The battery-operated 
CardioTEL Sensor weighs 
Do you need a practical less than a pound. Three small 
system for dry electrodes extend from 


the underside of the Sensor, 
e RAPID DETECTION OF and are applied onto the 
TRANSIENT ARRHYTHMIAS? chest—no special preparation 
e HOME ECG MONITORING is necessary. 


OF HIGH RISK PATIENTS? The patient (1) dials his 


e FOLLOW-UP OF hospital CCU or clinic, 
PACEMAKER PATIENTS? (2) gives his name and phone 
Then the number, (3) places telephone 

f over CardioTEL speaker, 
CardioTEL System (4) places Sensor across chest 
is for you. and turns switch on. Modern 


telemetry does the rest. 


For further information on this 
and other CardioTEL Sensors, 


write or cail: of 

Instromedix inc. BOOTH #339 

Tools for medicine to help mankind See our exclusive 
2330 N.W. FLANDERS Automatic Signal Indicator 


PORTLAND, OREGON 97210 
(503) 228-4384 


Have your “rhythm strip 
taken in 10 seconds. 


CardioTEL Sensor 
and Speaker... ... AA h e $375 





COMPLETE THE PICTUR 


: Hematocrit | So : Now, get the full picture with ` 
Stanes Function etaboite Silai es use of United Medical Laboratori 
Indices T.—if PBI abnormal Globulin rofile t in j TE - j 
S SGOT Liver and Biliary System Creatinine  — p 0 PONG OPppS ve OAD 
Bilirubin, Total = Kidney disease "= you can enhance the flexibility of y 


_ Cholesterol Kidney disease 


Hemoglobin  — ric ides to any of UML’s standard profil 
Liver disease as Kidney Function 


Hemanalysis Diabetes Mellitus | In addition, you can elect to hav 


Inflammation = Voucifu le | lipoprotein electrophoresis and cla: 
Bilirubin, Total Metabolic Status ae fe a 
Thyroid disease SGPT Nocrosis fication performed on the initial sam 


Bone Disorders sits Bone Disorders = if triglyceride or cholesterol values 
Aibumin WBC ae | RBC Uric Acid gly ‘ 

Liver disease - Bilirubin, Total 3 dicate an abnormality. 

Kidney Function > EN Neoplasm RBC Ls n fact 

Thynal turbidity : SGOT Gluco UML s new Serum Lipid Scre 

Metabolic Status | LDH. Diabetes | offers triglycerides and cholesterol 
Kidney disease — - Bone Disorders et . 

PBI Differential Thyroid disease : one easy to order package. This scre 
Bone and Joint Disease Glucose Gout — also provides the options of elect 
Liver and Biliary System Indices LDH — . opie at 

“Ures Nitrogen (Bun) ae Hemoglobin phoresis and classification as well 
Necrosis Uric Acid e : ultracentrifugation when indicated. 
niiammation A o à 
she phan Neoplasm Gout mT] your choice. UML can help you cc 


A/G Ratio Urea Nitrogen (Bun) j i 
Alanik Alkalin Phéaphatiee: plete the profile picture. For compl 
Globulin Bone and Joint Disease i details, write: 
Diabetes T.—if PBI abnormal WBC ie 
SGP-T Diabetes Mellitus Neoplasm f ; å 
| United Medical Laboratories, 


Post Office Box 3932 
Portland, Oregon 97208 
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USCI 


ELEMA-SCHONANDER CARDIAC PACEMAKERS 
featuring 


NEW VARIOPACEMAKER ke 
WITH BUILT-IN — E 


EXTERNAL 


THRESHOLD ANALYSIS FEATURE DEMAND 


e ALL IMPLANTABLE UNITS 
GUARANTEED IN FULL FOR 
24 MONTHS 


e SIMPLE ELECTRODE 


ny #2931-S 
ATTACHMENT DEMAND 


e VOLTAGE-CALIBRATED RATE 
CHANGE FOR SIMPLE 
END-OF-LIFE DETERMINATION 
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See these units on display at Booth #633-635 
American College of Cardiology Convention #2910-S 


R-SYNCHRONOUS 






® 
USCI USCI, A DIVISION OF C. R. BARD, INC. 


BOX 787, GLENS FALLS, NEW YORK 12801 


isn t 
it 
a 


shame? 





It simply is not worth the few pennies difference 
in the price of recording chart paper to run the 
risk of ruining a recording. 


You can avoid this risk. ..buy the paper made 
for consistently reliable performance from the 
company who made your instrument. He'll back 
up its reliability. . .he designed it! 


“This message was prepared in the interest of better recording instrument performance by... 
The Instrument Manufacturers’ Chartmaker 


A NASHUA 
CORPORATION 


GUBELMAN CHART DIVISION 





100 East Kinney St.* Newark, N.J. 07105 * (201) 589-5970 
3037 East Maria St. * Compton, Calif. 90220 * (213) 537-4250 


Now available under one cover— 


New Clinical Knowledge in the Mechanism, 
Recognition and Therapy of Arrhythmias 


symposium on 


ELECTROPHYSIOLOGIC CORRELATES 
OF CLINICAL ARRHYTHMIAS 


Guest Editor: Charles Fisch, MD, FACC, Indiana University Medical Center 


Contributions by prominent specialists from universities and medical centers across 
the country. 


Presents examples of arrhythmias with mechanisms that have been deduced by anal- 
ysis of clinical tracings and are being confirmed by electrophysiologic studies. 


Originally published in the September, October and November 1971 issues of 
THE AMERICAN JOURNAL OF CARDIOLOGY—a $15.00 value—now available to you 
under one cover for only $8.00. 


Papers include: Automaticity and Automatic Rhythms... The 
Concepts of Reentrant Activity Responsible for Ectopic 
Rhythms ... Atrial Fibrillation . . . Ventricular Fibrillation .. . 
Atrioventricular Block . . . Aberrancy: Electrophysiologic 
Aspects . . . Exit Block . . . Concealed Conduction . . . Specialized 
Tissues and Preferential Conduction in the Atria of the 

Heart . . . Contribution of His Bundle Recordings to the Under- 
standing of Clinical Arrhythmias . . . Wolff-Parkinson-White 
Syndrome. A New Look... Artificial Pacing of the Human 
Heart. Its Contribution to the Understanding of 

Arrhythmias . . . The Electrophysiologic Effects of Anti- 
arrhythmic Drugs . . . The Postextrasystolic T Wave Change. 


14 Papers 144 Pages Price $8. 
To order fill out the coupon below and mail. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
666 Fifth Avenue, New York, N.Y. 10019 


Please send copy(ies) of the Symposium on Electrophysiologic 
Correlates of Clinical Arrhythmias at $8.00 each.* Payment of $ 
enclosed. (In order to maintain the low price of this item we must 
require payment with your order. 








Name 





Address 


City State ZIP 





A Publication of the Yorke Medical Group « Dun « Donnelley Publishing Corp. 
* For delivery in New York State add State sales tax. In New York City 7%. 
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je Sleeping giant, 
“ Of medical technology 
just. woke up. 








You've long known the Litton name in 
association with advanced technology. You've seen 
Our mark on much of today's complex medical apparatus 
—trom diagnostic x-ray and ultrasound equipment to 
complete intensive care installations; from massive cobalt 
therapeutic radiation units to portable fetal heart 
monitors. But we doubt if you ever realized just how 
much, Because we ourselves didn't realize until recently. 





We took inventory of our affiliated, subsidiary and associated 
companies serving the medical profession. And found 
a world-wide organization with more design engineers 
on staff than all the rest of the industry put together. 
So we're bigger than anybody else. And enormously capable. 


But none of that does you any good without the third element 
that's been an industry-wide problem: Access. We've set 

up to solve that once-and-for-all, too—through 87 Profexray offices, 

nationwide. One local man will work with you. In design. In 

application. In installation. And in service. Direct. No middlemen 

No run-arounds. After all, standing right behind that one man is 

a new giant. Who's now yl 
wide-awake to your needs 


Ho Ho Ho Hum. [H PROFEXRAY 


Litton Des Plaines, Illinois 60018 


See us at Island Booth No. IX, America 
College of Cardiology Annual Scientific 
Session, Feb. 15-17, Civic Center, 

Brooks Hall, San Francisco, Cal. 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 814 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ."’ followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

ə Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 
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The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR: 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 


thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table I, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


e Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 


e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show 
only essential field. 

e Identify figures on back by num- 
ber and author’s name. 

e Number figures in order in which 
they are mentioned in the text. 

è Indicate top of each figure. 

e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 

e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs, J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 


Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 





THEY DO 


Sell you equipment 


YOU MUST DO 


Initial investment of receiving equipment 
Initial investment of transmitting equipment 
Service and maintenance of equipment 
Set up laboratory space 

Hire and specially train technicians 

Install special phone lines (Toll Free if you 
want to be like us) 

Set up 24 hour, 7 day a week emergency 
service 

Purchase additional liability and 
malpractice insurance 

Set up billing relationship with third 

party insurers 

Bill patient and third party insurers 


YOU GET 


Information on impending battery 
failure only 


A a 


“ 


J a et ea b 
ie Kru Sot bes) 
Pees ee: 


TAF 
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WE DO 


Supply & maintain all equipment 

Supply toll-free phone lines for patients 
Supply 24 hour—7 days a week service 
Supply full staff of trained technicians 

Supply complete insurance protection 

Take responsibility for al! insurer relationships 
All billing made directly to third party 


YOU MUST DO 


Send us prescription 


YOU GET 


Information on impending battery failure plus 
pulse correlation 

Complete analysis by qualified 

Cardiologist: 


e Rate in milliseconds 
e Graph of rate change 
e Pacer-Pulse capture recording 


e Determination on whether 
Pacemaker is actually 
capturing heart 


Instant notification of emergency situation 


CHOOSE US? 


Send in the coupon below or call us collect today (215) 665-0700 


(Fe e222 2 2 2 2 2 2 ee See ee ee eee 


CONE WALT © REELS OS _ SON io 


CARDIAC DATACORP., INC. 
Department CD 2-B 

1705 Walnut Street 
Philadelphia, Pa. 19103 


[O Please send me full information on the Pacemaker 
Evaluation System. 


[] Please have your representative call. 





NAME 
(please print) 
ADDRESS 
CITY STATE ZIP 





Introduction to Electrocardiology, 


Second Edition 


J. Willis Hurst, M.D., Emory University School of Medicine 
Robert J. Myerburg, M.D., University of Miami School of 
Medicine 


1973, 336 pages (tent.), (031464-0), $9.95 (tent.) 


Today, more and more medical and paramedical personnel 
are being called upon to interpret electrocardiograms. De- 
signed for those with little or no previous experience in electro- 
cardiography, the second edition of INTRODUCTION TO 
ELECTROCARDIOGRAPHY retains the simplicity of the first. 

The book is divided into two parts. The nine chapters of Part 
One deal almost exclusively with spatial vector electrocardiog- 
raphy as used in interpreting the electrical activity of the 
ventricular myocardium. The authors have found the vector 
method of interpretation, which obviates the need to memorize 
the details of the deflection contour, to be the most stimulating 
approach to teaching electrocardiography. Drs. Hurst and 
Myerburg discuss the QRS complex, the ST segment, and T and 
P waves, and explain how the vector concept can be applied to 
each tracing. The basic concepts of the spatial vector approach 
of electrocardiography are diagrammatically illustrated. 
Chapter Five has been extensively rewritten and re-illustrated 
to encompass current concepts of intraventricular conductive 
disturbances. 

In Part Two, the authors seek to provide the beginner with a 
basic understanding of cardiac arrhythmias through the use of 
the A-V diagram. 

Suitable as a reference for medical and nursing students, 
interns and residents in cardiology and medicine, internists and 
general practitioners, hospital corpsmen, nurses, and other 
coronary care unit personnel, this book can also serve as the 
text in fundamental or introductory electrocardiography 
courses. 


To order simply fill out this coupon and return to: 


| Norma-Jeanne Bruce/Dept. AJC 

| College Division, 27 
McGRAW-HILL BOOK COMPANY 
1221 Avenue of the Americas, New York, New York 10020 





1 
| 
| 
| 
| 
| 
| 
| 

Please send me—copies of Hurst-Myerburg (031464-0). Within ten (10) i 

days of receipt of book(s) I will remit full price of book(s) plus local sales tax, | 

postage, and handling. (McGraw-Hill pays postage and handling if | remit 

in full with this coupon.) | will return unwanted book(s) postpaid. l 

| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Affiliation 
Citys ER Ta ont at ee 


| Prices subject to change without notice. Offer good in Continental USA only. 
| 62 Rev MO/6010962 


“lam 
Joes 
Heart” 


Coming in January 
A New Television Program 








| AM JOE’S HEART, a half-hour televi- 
sion special about the heart and ways 
of preventing a heart attack, will be 
aired nationally this month. With the 
voice of Henry Morgan in the title 
role, the program uses first person 
narration by Joe’s heart, animated 
illustrations and live film to convey 
medical information as it follows the 
life of Joe, a typical American at risk 
of having heart disease. Joe’s life- 
style—and its relation to the work- 
ings of the heart—are shown for the 
period leading up to and after an 
attack. The program has the endorse- 
ment of the American Heart As- 
sociation, whose past president, Dr. 
Irving S. Wright, served as consultant. 
It is sponsored by the Burroughs 
Welcome Co. as a public service 
program. 


Analysability 


Increased analysability in the new generation 





Pacasvpker Asalyse® mPa) ee 


VITATRON OY 
MEDICAL Ni 


of Vitatron Medical pacemakers. 


The new series of highly reliable 
Vitatron pacemakers are the only pace- 
makers available that are completely 
analysable. These VCA pacemakers 
allow the determination of the relative 
and absolute (in mA) stimulation thres- 
hold and the calculation of the safety 
margin of the complete implanted sys- 


For detailed technical information write: 
Vitatron Medical N.V. 

P.O. Box 76, NL 6210 Dieren, Holland. 
Vitatron Medical Inc., 

MILTON, Mass. 02186 (USA) 


tem, after implantation by external 
monitoring. 

This system allows a safe profylac- 
tic change of implanted pacemakers, 
adding a new dimension to pacemaker 
longevity. The batteries remain uncon- 
nected to the circuitry until implan- 
tation. 


MEDICAL NÍ 


bureau IPS rotterdam 
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. For your medical library... 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 


Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shillingford, M.D. 


Diagnostic Ultrasound (1967) 
Guest Editor: Bernard L. Segal, M.D. 


Please tear off and mail. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 

Radio City Station 

New York, N.Y. 10019 


Send me the following symposium reprints: 


O Electrophysiologic Correlates of 


Clinical Arrhythmias ........... $8.00 
O Pre-Hospital Phase of Acute 

Myocardial Infarction ........... $5.00 
O Human Heart Transplantation .... $5.00 
Er: Cardiac TAMOS TA owe ee $5.00 
ry Coronary; Care Units): min 5. ase: ` $5.00 
O Diagnostic Ultrasound .......... $5.00 
Enclosed is my check for $ 
Name 
Address 
City State Zip 


(Please add appropriate sales tax if in New York State and 


New York City) 


in ER SEARS SA, A ANE A E ENEA kanes Goins mo 
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For your medical library... 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF MEDICINE 


Symposium on: 


Hypertension: Mechanisms and Management 


(1972) 
Guest Editor: John H. Laragh, M.D. 


Vitamin B,» and Folate (1970) 
Guest Editor: Victor Herbert, M.D. 


Atherosclerosis (1969) 
Guest Editor: George V. Mann, M.D. 


Stones (1968) 


Guest Editor: Lloyd H. Smith, M.D. 


Please tear off and mail. 


THE AMERICAN JOURNAL OF MEDICINE 


P.O. Box 1172 
Radio City Station 
New York, N. Y. 10019 


Send me the following reprints at $5.00 each: 
O Hypertension 

O Vitamin B,, and Folate 

O Atherosclerosis 

O Stones 


Enclosed is my check for $ 


Name 


Address 


City State Zip 


(Please add appropriate sales tax if in New York State and 
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The new MDI-100 gives you high rate atrial 
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unit. Most flexible external pacer ever 
developed. It’s really two pacers in one. 
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The little company 


who listened... 


Last year, you asked for a low-cost 
bedside/classroom auscultation aid. 
Then, you wanted a cassette recorder 
with voice dubbing for lectures and quality 
high enough for diagnosis. Now, a noted 
cardiologist has suggested a new kind of 
phonocardiography for the bedside 
—AUSCULCORDER Il. His report will- 
soon be published by a major journal. 


AUSCULCORDER Il is the heart of the 
single most powerful auscultation/ 
phonocardiology system available. 

With MULTIPHONE, our auscultation 

aid, the system combines bedside 
phonocardiography capability with 
sophisticated instruction in auscultation, 
and simplifies data storage and retrieval 
of interesting cases. The system is 
complete as shown, with ECG amplifier, 
for under $1400, from your local electronic: 
representative or LIFE-LINE SYSTEMS, 
600 So. Michigan Avenue, Chicago 60605. 





Proven in use at: Chicago Medical School, 
Rush-Presbyterian St. Luke’s Medical Center, 
Northwestern University Medical Center, 
Case-Western Reserve University, and others. 
And check LIFE-LINE for telephone ECG, CCU 
recorders, and automated pacemaker analysis. 
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the connection ough 


In pacemaker replacements, 
choice is yours. Working witt 
screws, screwdrivers, plugs, 
wrenches and medical adhesi 
If you're the tinkering type, tr 
may have appeal. 


Consider the General Electri: 
alternative. Self-sealing, 
push-pull connectors that let \ 
attach electrodes in seconds. 
No fumbling. No “tool kit” or 
special parts. Just your hands 


See GE pacemaker, cardiovascular recording, and patient monitoring systems including the third generat 
in clinical monitoring — the new Patient Data System. A.C.C. meeting, Feb. 15-17, San Francisco. 


ob 


you're concerned with clean 
d efficient implants, the GE 
stem is worth looking into. 


iout those connectors. They're 
ailable for other makes of 
»ctrodes, so you Can convert 
a GE pacemaker swiftly and 
sily. There's an added plus 
en you do. You can furnish 
tients with a GE pacemaker 
asor to check their pacing 

e over the phone; or they can 
eck it themselves. The rate/ 
erval computer at your end of 


the line serves as an early 
warning system for pacemaker 
performance. Enables you to 
maximize pulse generator life 
and schedule elective changes 
based on reliable data. It's 
reassuring to patients, too. 


The GE system also means a 
choice of pulse generators. 
Extended life asynchronous 
with dual power source 

and dual pacing energy. 
Implantable Standby with 





rate hysteresis and external 
Standby units. All backed by 
the largest medical service 
team in North America. That 
means pacemaker assistance 
ina hurry. In the O.R. if desired. 
Make the connection for 
yourself. Call your GE medical 
systems representative fora 
demonstration. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, Liege. 
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MIKRO-TIP” CATHETER 
PRESSURE TRANSDUCER 


“SENSOR AT TIP OF CATHETER” 
FEATURES 
Ultra Miniature 


Thermal Stability for catheter tip 
Long Term Stability implantable 
High Output applications. 
Excellent Linearity 

Negligible Hysteresis 

High Natural Frequency 

Internal Calibration Provided 
Simultaneous Phonocardiograms 




















ELECTRICAL 
CONNECTOR 

WOVEN DACRON 
CATHETER 


PRESSURE 
SENSOR 


TRANSDUCER 
| CONTROL UNITS 


ACTIVE \ SURFACE OF ae FOR STRAIN 
PRESSURE SENSOR | GAUGE AMPLIFIERS 













[ TCB-100 FOR 





h | DC AMPLIFIERS 
e active sensing a ¥ Lf h 
surface is located on | ee steer! 
the side of the pressure | é t: 
transducer. It is insen- e R 

sitive’ to flow and $225 i 


‘Catheter Whip". @ Battery Operated 
| @ Outputs: Pressure & Audio 


STANDARD MODELS: == == == == == = —— == 


No. 5 French and No. 7 French sizes, 
















without lumen $525 
No. 7 French and No. 8 French sizes, 
with lumen $625 


CUSTOM FABRICATION OF MULTIFUNCTION 
CATHETER PROBES. 
American Heart Assoc. 


ILLAR se: 


P. O. Box 18227 Dallas, Texas 
(6001 Gulf Freeway) 
Houston, Texas 77023 U.S.A. (713) 923-9171 


Visit our booth 
(M22 & 23) 
at the November 
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Beta-adrenergic blockade with INDERAL (propranolol 
hydrochloride) is a unique mechanism for the 
management of catecholamine-induced arrhythmias. 
By decreasing impulse formation and conduction, 
INDERAL decreases the rate and force of myocardial 
contraction. Clinical benefit is most frequently evident 
in the reduction of the ventricular rate or in preventing 
recurrence of arrhythmias. Sinus rhythm is 
occasionally restored, even in cases where other 
drugs have failed. 


In cases refractory to other agents, INDERAL may 
prove to be an effective adjunct. The specific activity 
of INDERAL at the beta-adrenergic receptor sites 
obviates interference with the effects of the 
nonadrenergic cardiotonic agents. 


INDERAL is especially helpful in the management of 
catecholamine-induced supraventricular arrhythmias. 


Ventricular arrhythmias do not generally respond as 
predictably. An exception is digitalis-induced 
arrhythmias, which INDERAL controls by a 
nonspecific antiarrhythmic action. 


INDERAL (oral) in: 

paroxysmal atrial tachycardia 

sinus tachycardia and extrasystoles 
(atrial and ventricular) 

atrial flutter and fibrillation 
tachyarrhythmia of digitalis intoxication 
hypertrophic subaortic stenosis 
pheochromocytoma 


INDERAL (intravenous) in: 

tachyarrhythmias associated with anesthesia 
(in selected cases) 

ventricular tachycardias 

(when cardioversion technics are not available) 





Brand of 


eo aa. 





the beta-adrenergic blocking agent 


Inderal 


orooranolol hydrochloride 


10mg. and 40mg. lablets 
1mg./cc.Injectable 


(See following page for Brief Summary.) 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


Inderal 
(propranolol hydrochloride) 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), 
THE PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH 


THE BASIC CONCEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 





INDICATIONS 
INDERAL is indicated in the management of: 
1) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 


c) Atrial flutter and fibrillation 

In the majority of cases of flutter or fibrillation, a beneficial effect is ob- 
tained by the reduction of ventricular response (reduced ventricular rate) 
to the atrial tachyarrhythmia by partial A-V block. Occasionally, normal 
sinus rhythm may be restored, but the mechanism of this action is un- 
known. 

d) Tachyarrhythmia of digitalis intoxication 

Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. 
Digitalis-induced tachyarrhythmias are usually reversible within minutes 
by INDERAL, given intravenously. Once normal rhythm has been restored, 
maintenance with oral therapy is indicated. (See Dosage and Administra- 
tion.) 

e) Tachyarrhythmias associated with anesthesia 

Tachyarrhythmias during anesthesia may sometimes arise because of car- 
bon dioxide accumulation, surgical stimulation, or catecholamine admin- 
istration. When usual measures fail, INDERAL may be given intravenously 
to abolish these arrhythmias. However, INDERAL should not be used to 
treat arrhythmias associated with anesthetics that produce myocardial de- 
pression, for example, chloroform and ether. 


f) Ventricular tachycardias 

When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may 
be given intravenously slowly and in low dosage. (See Dosage and Ad- 
ministration.) Although risks must necessarily be taken to control the ar- 
rhythmia in these cases, the cautious use of the drug will reduce them to a 
minimum. Care in the administration of INDERAL and constant monitoring 
with an electrocardiograph is essential, as the failing heart requires some 
sympathetic drive to maintain myocardial tone. 

g) Occasionally in severe tachyarrhythmias, the reduction of ventricular 
rate with use of INDERAL may permit a more accurate electrocardiographic 
diagnosis of the arrhythmia. 

2) HYPERTROPHIC SUBAORTIC STENOSIS 

INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 


3) PHEOCHROMOCYTOMA 

INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of exces- 
sive hypertension before and during surgical treatment of the pheochrome 
tumors, but do not prevent excessive cardiac stimulation by catechola- 
mines. However, INDERAL should always be used concomitantly with 
alpha-receptor blockaders since antagonism of the dilator (beta) action of 
epinephrine on peripheral vessels may leave the constrictor (alpha) action 
unopposed and cause a serious rise in blood pressure. In patients with in- 
operable or metastatic pheochromocytoma, INDERAL is a useful adjunct 
to the management of symptoms due to excessive beta-receptor stimulation. 


CONTRAINDICATIONS 


INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second 
degree or total heart block; 4) cardiogenic shock; 5) right ventricular fail- 
ure secondary to pulmonary hypertension; 6) congestive heart failure (see 
under WARNINGS) unless the failure is secondary to a tachyarrhythmia 
treatable with INDERAL, i.e. some patients with congestive failure exhibit- 
ing rapid heart rates due to a strong sympathetic component, with in- 
adequate response to maximum doses of digitalis and diuretic, may be 
improved by the cautious addition of INDERAL to the treatment regimen; 
7) in patients receiving anesthetics that produce myocardial depression 
such as chloroform and ether; 8) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 


WARNINGS 
CARDIAC FAILURE: Sympathetic stimulation is a significant component in 
supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depres- 
sing myocardial contractility and precipitating cardiac failure. 
In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover 





of concurrent digitalization. INDERAL (propranolol hydrochloride) acts. 
selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e. that of supporting the strength of myocardial contractions). 


In patients without a history of cardiac failure, continued depression of 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure. In rare instances, this has been observed during INDERAL therapy. 
Therefore, at the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized, and the response observed closely: 
(a) if cardiac failure continues to progress, INDERAL therapy must be 
immediately withdrawn; (b) however, if tachyarrhythmia is being con- 
trolled, patients should be maintained on combined dosage and the patient 
closely followed until threat of cardiac failure is over. 


PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised in 
the administration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or 
oral hypoglycemic agents. Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pulse pressure changes) of acute hypoglycemia. 


USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has 
not been established. Use of any drug in pregnancy or women of childbear- 
ing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 


PRECAUTIONS 


Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed when INDERAL is introduced into the treatment regi- 
men. The added catecholamine blocking action of this drug may then pro- 
duce an excessive reduction of the resting sympathetic nervous activity. 

Occasionally, the pharmacologic activity of INDERAL may produce hy- 
potension and/or marked bradycardia resulting in vertigo, syncopal at- 
tacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory para- 
meters should be observed at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 


In the majority of patients INDERAL is well tolerated, and side effects 
have been transient in nature, rarely necessitating withdrawal of therapy. 
Nausea, vomiting, light-headedness, mild diarrhea, constipation, and 
mental depression (manifested by insomnia, lassitude, weakness, and fa- 
tigue) have been observed during the course of clinical investigation. One 
case of mental depression which progressed to a catatonic state was re- 
turned to normal when the drug was discontinued. Isolated cases of erythe- 
matous rash, paresthesia of the hands, fever combined with aching and 
sore throat, visual disturbances, and hallucinations have also been re- 
ported. Rarely, respiratory distress and laryngospasm have been reported 
following intravenous administration. 


Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result of 
therapy. Similarly, elevated serum transaminase levels have occasionally 
been observed, but in no case was there any clinical or other laboratory 
evidence of hepatic dysfunction. One case of nonthrombocytopenic pur- 
pura and one case of thrombocytopenic purpura have been reported from 
abroad in patients who were receiving other drugs in addition to INDERAL. 
Three instances of reversible alopecia coincident with INDERAL adminis- 
tration have been reported; relationship to the drug has not been es- 


tablished. 
DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 


ORAL 
Arrhythmias—10-30 mg. three or four times daily, before meals and at 
bedtime. 


Hypertrophic Subaortic Stenosis—20-40 mg. three or four times daily, before 
meals and at bedtime. 


Pheochromocytoma—Preoperatively—60 mg. daily in divided doses for three 
days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent.-Management of inoperable tumor—30 mg. daily in divided doses. 


INTRAVENOUS 

The usual dose is from 1-3 mg. administered under ECG monitoring. The 

rate of administration should not exceed 1 mg. (1 cc.) per minute. Suffi- 

cient time should be allowed to enable a slow circulation to carry the 

drug to the site of action. Once an alteration in rate of rhythm is recorded, 

it is advisable to give no further INDERAL until the full effect is observed. 
Depending on the response, a second dose may be repeated after two 

minutes, Additional medication should not be given in less than four hours. 

Therapy with oral dosage is advisable as soon as possible. 

NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 


administered intravenously. 

SUPPLIED 

Inderal® 

(propranolol hydrochloride) 

TABLETS—No, 461—Each tablet contains 10 mg. of propranolol hydro- 
chloride, in bottles of 100 and 1,000. 
—No. 464—Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 
INJECTABLE-—No. 3265—Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Sup- 
plied as: 1 cc. ampuls—Boxes of 10. 


A AYERST LABORATORIES 
New York, N.Y. 10017 


INDERAL® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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SYMPOSIUM ON THE MYOCARDIAL CELL 


171 Introduction 
ERNEST PAGE AND ARNOLD M. KATZ 


172 Quantitative Electron Microscopic Description of Heart Muscle Cells. Application to Normal, 
Hypertrophied and Thyroxin-Stimulated Hearts 


ERNEST PAGE and L. P. McCALLISTER 


Mathematical techniques applied to information derived from electron micrographs of mammalian heart 
muscle measure the amounts of the various ultrastructural components in the myocardial cell and consti- 
tute the basis for a quantitative electron microscopic and microchemical pathology of heart muscle. 


182 Action Potential and Contraction of Heart Muscle 
HARRY A. FOZZARD and WALTER R. GIBBONS 


Use of newly developed “voltage clamp” methods indicate 8 separately identifiable ionic channels interact 
to produce the destructive cardiac action potential. In addition to triggering contraction the cardiac action 
potential also plays an important role in the control of contraction of heart muscle. 


193 Calcium- 


Membrane Interactions in the Myocardium: Effects of Ouabain, Epinephrine and 


3',5’-Cyclic Adenosine Monophosphate 
ARNOLD M. KATZ and DORIS I. REPKE 


The finding of 2 kinetically distinct Ca++ transport processes in cardiac microsomes, both of which are 
highly active in the micromolar range of Cat + concentration, suggests that Cat * movements in the intact 
myocardial cell may be controlled by 2 mechanisms. One of these, possibly manifest in vitro as Ca-bind- 
ing, is suggested to represent an intracellular release site that initiates systole by delivering Cat + to the 
contractile proteins. The second process, possibly manifest in vitro as Ca-uptake, is suggested to repre- 
sent the uptake of Ca++ into an intracellular storage site whose Ca** content indirectly determines the 
amount of Cat + that is delivered to the contractile proteins. 
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_Holter DCG Monitoring Case History No.14 


A-12 


A 42-year-old registered nurse had a history of recurrent 
chest pain. Her physician ordered a dynamic electrocardio- 
gram, and a diary of symptoms was kept during a routine 
day in the hospital office. Within the first fifteen minutes of 
the recording, the subject reported chest and left arm pain 
while doing office work, but the DCG recording (first strip) 
showed no abnormality of cardiac rate or rhythm with the 
reported symptoms. Later, at 9:10 A.M. while the subject 


_. ROUTINE OFFICE WORK 8:55 AM | 


f | peut =i 
mH Em c ias i $ <7 
oe See et aoe 
HF x 


WALKING 9:10 AM 


Cambridge CAMOO 150 


-< 


was walking, the DCG recording (second strip) showed a 
burst of ventricular tachycardia approximately 6 seconds 
in duration not associated with symptoms. A second occur- 
rence of this type, recorded at 11:30 A.M., also was un- 
associated with symptoms. Through the use of the con- 
tinuous DCG recording, the physician was able to disregard 
misleading symptomology and discover a hidden arrhythmia 
which had been undetected despite numerous prior ECG’s. 
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Now Available To Every Physician... 


DYNAMIC ELECTROCARDIOGRAPHY“™(DCG) 
WITH THE AVIONICS-HOLTER SYSTEM 


24-hour ECG 
recorder for 
ambulatory 
patients 
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e Pacemaker Evaluation 


24-minute scan 
of ECG tape 
recording plus 
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documentation 
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e Evaluation of Drug Administration 
e Ease of Operation 
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For more information, return the coupon below. 
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202 Protein Synthesis and Turnover in Normal and Hypertrophied Heart 
MURRAY RABINOWITZ 


Although the adult cardiac muscle cell does not divide and its life may be as long as that of the entire orga- 
nism, the constituents within the cell are in dynamic equilibrium, constantly being destroyed and resynthe- 
sized. This review of mitochondrial and myofibrillar proteins elegantly summarizes the processes involved 
in protein synthesis and turnover in normal and hypertrophied hearts. 


211 Cell Proliferation During Cardiac Growth 
RADOVAN ZAK 


This basic review of cell proliferation during cardiac growth examines the results of new research studies 
on the fundamental biological mechanisms controlling cell proliferation and particularly myocardial cells. 
One of the most important discoveries is that cytologic features of cardiac enlargement depend on the 
stage of development of the heart when the stimulus to growth occurs. The neonatal heart enlarges by an 
increase in number and size of myocardial cells; the adult heart enlarges only by enlargement of its com- 
ponent cells. 


220 Sinus Nodal Echoes. Clinical Case Report and Canine Studies 


RORY W. CHILDERS, MORTON F. ARNSDORF, DOMINGO J. de la FUENTE, MIGUEL GAMBETTA and 
ROBERT SVENSON 


Experiments on the canine heart suggest the limiting factor on sustained sinoatrial reciprocation is the total 
echo circuit time rather than refractoriness of atrial or echo entrance pathways. Implications of these 
results for some clinical instances of sinus or atrial tachycardia, including a clinical case analysis, are 
presented. 

End of Symposium 


SPECIAL ARTICLE 


232 Atrioventricular and Intraventricular Conduction. Revised Nomenclature and Concepts 


HANS H. HECHT, CHARLES E. KOSSMANN, RORY W. CHILDERS, RICHARD LANGENDOPF, 
MAURICE LEV, RAYMOND D. PRUITT, KENNETH ROSEN, RAYMOND C. TRUEX, HERMAN UHLEY and 
THOMAS B. WATT, Jr. 


This last paper by Dr. Hecht and his committee on revised nomenclature for atrioventricular and intraven- 
tricular conduction attempts to clarify and make more precise this area of electrocardiography. 


CLINICAL STUDIES 


245 Electrophysiologic Studies in the Syndrome of Short P-R Interval, Normal QRS Complex 


ANTHONY R. CARACTA, ANTHONY N. DAMATO, JOHN J. GALLAGHER, MARK E. JOSEPHSON, 
P. JACOB VARGHESE, SUN H. LAU and EDWIN E. WESTURA 


His bundle recordings and programmed atrial premature contraction depolarization data in 18 subjects with 
a short P-R interval and normal QRS complex suggest the following possible explanations for the short P-R 
interval: (1) total or partial bypass of the atrioventricular (A-V) node; (2) an anatomically small A-V node; 
(3) a short or rapidly conducting intranodal pathway; or (4) isorhythmic A-V dissociation. 
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and Stress Fest Monitor... 





Now, for the first time, totally automatic, 
minute-by-minute update of respiratory functions during 
physical stress testing — plus continuous ECG 


monitoring — all in one compact system! 
A. MODEL 800 RESPIRATORY GAS ANALYZER B. MODEL 2900 STRESS TEST MONITOR 


e All digital data continuously displayed and updated è Large, two-channel oscilloscope displays 
each minute ECG waveform 
è Expired volume up to 199.9 liters per minute B.T.P.S. è Built-in digital heart rate meter numerically 


displays instantaneous or average heart rate 


è Built-in ECG paperwriter meets AHA 
èe Oxygen uptake per kilogram body weight per recommendations 


minute up to 99.9 milliliters 


e Oxygen uptake up to 9.99 liters per minute S.T.P.D. 


èe Optional automatic timer/ programmer 


e CO, in liters per minute, and RQ automatically controls paperwriter 

è Total heart beats per minute e Optional S-T segment computer/ display 

è Elapsed-time clock synchronizes complete system numerically displays S-T elevations and 
and provides digital display depressions 


è Digital outputs for printers and plotters 
For more information and/or a demonstration, just use the reader service card or return the coupon below. 


(| Please send literature C] Contact me for a demonstration 
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AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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EXPERIMENTAL STUDIES 


Experimental and Clinical Aspects of Total Electrocardiographic Alternation 


DANIEL A. BRODY, G. DANIEL COPELAND, JOHN W. COX, Jr., FRANCIS W. KELLER, 
JAMES R. WENNEMARK and OTIS S. WARR, Ill 


These experimental and clinical observations support the “anatomic rotation hypothesis” rather than the 
critical cardiac compression explanation of total electrocardiographic alternation. Simple mechanical 
factors induce the anatomic rotation. 


Influence of Pericardiectomy on Cat Right Ventricular Function After Pulmonary Arterial Constriction 


KIRK H. PRINDLE, Jr., HERMAN K. GOLD, G. DAVID BEISER, MELVIN L. MARCUS and 
STEPHEN E. EPSTEIN 


In these experiments in cats the removal of the pericardium did not seem to affect the degree of experi- 
mental right ventricular failure induced by a chronic pressure stress on the right ventricle. 


METHODS 


Quantitation of Experimental Aortic Regurgitation by Roentgen Videodensitometry 


GOTZ VON BERNUTH, ANASTASIOS G. TSAKIRIS and EARL H. WOOD 


Videodensitometry is shown to be a sensitive method for detecting and estimating the severity of experi- 
mentally produced aortic regurgitation in 4 anesthetized closed chest dogs. These results compare favor- 
ably with data simultaneously obtained from a conventional upstream-sampling dye-dilution technique 
and from an electromagnetic aortic flow transducer. 


HISTORICAL MILESTONES 


Thomas Jowett on Pericardiocentesis (1827) 


SAUL JARCHO 


This historical milestone details the relatively unknown background and medical significance of Thomas 
Jowett, and English surgeon who, in a brief but productive life span of 31 years, not only became a famous 
Nottingham botanist but also attempted and recorded one of the earliest instances of pericardiocentesis 
in 1827. 


CASE REPORTS 


Atrioventricular Block with Lidocaine Therapy 


EDGAR LICHSTEIN, KUL D. CHADDA and PREM K. GUPTA 


A rare instance of complete atrioventricular block distal to the His bundle followed a 50 mg bolus injection 
of lidocaine in an 83 year old man with evidence of trifascicular block. Lidocaine should be used cautiously, 


and insertion of a temporary pacemaker catheter should be considered in patients with trifascicular 
disease who require lidocaine therapy. 


EDITORIALS 


Hematologic Complications of Open Heart Surgery 


NATHANIEL WISCH. ROBERT S. LITWAK, SALVADOR B. LUCKBAN and JOSEPH L. GLASS 
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quinidine polygalacturonate 


( 


275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 


adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 


arrhythmias, and may be repeated in 3 


increased by Y2 to 1 tablet 


; generally one tablet morning and night will be adequate. SUPPLIED:. 


PURDUE FREDERICK 


© COPYRIGHT 1972, 1973, THE PURDUE FREDERICK COMPANY/NORWALK, CONN, 06856 


-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 


(137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 


atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 


fibrillation; established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 
complete heartblock; maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 


Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 
treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet 


nance, one tablet may be used two to three times a day 


Uncoated, scored tablets in bottles of 50. 


Contents 
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SPECIAL DEPARTMENTS 


Letters to the Editor 


Wedensky Phenomena in Left Bundle Branch è Rapid Atrial Pacing in Conversion of Atrial Flutter è Paul 
Wood Remembered e Left Atrial Myxoma and Transseptal Cardiac Catheterization 

Book Reviews 

Reviews in Cardiology 


American College of Cardiology News 


CORRECTION 


An error was made in the article by Mirsky et al. in the October issue of the Journal 
(Mirsky |, Pasternac A, Ellison RC: General index for the assessment of cardiac func- 


tion. Amer J Cardiol 30:483-491, 1972). The fourth sentence in the final paragraph 
should have read as follows: Differentiating the above expression we obtain dø/dt = 
kaoe*'s(des/dt) = ko (des/dt). 
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Analysability 





Increased analysability in the new generation 


of Vitatron Medical pacemakers. 


The new series of highly reliable 
Vitatron pacemakers are the only pace- 
makers available that are completely 
analysable. These VCA pacemakers 
allow the determination of the relative 
and absolute (in mA) stimulation thres- 
hold and the calculation of the safety 
margin of the complete implanted sys- 


For detailed technical information write: 
Vitatron Medical N.V. 

P.O. Box 76, NL 6210 Dieren, Holland. 
Vitatron Medical Inc., 

MILTON, Mass. 02186 (USA) 


tem, after implantation by external 
monitoring. 

This system allows a safe profylac- 
tic change of implanted pacemakers, 
adding a new dimension to pacemaker 
longevity. The batteries remain uncon- 
nected to the circuitry until implan- 
tation. 


MEDICAL (D> 


bureau IPS rotterdam 


In mild to moderate hypertension... 
two tablets may be preferable to 
two drugs. 











Since the majority of patients (50-75% ) can be Enduron offers a simple, once-a-day dosage, 
controlled on a diuretic alone,’ doubling the | and 24-hour pharmacological action. 
single daily dose of Enduron from 5 mg. to 10 s with all thiazides, dietary potassium sup- 
mg. is a conservative approach for hypertension | pl mentation should be considered, especially in 
in the mild to moderate range .. . before adding | lc g-term intensive therapy. 209396 
a second drug to the patient’s thiazide therapy. i ! 

; ‘ 1. Schoenberger, J.A., Management of Essential Hypertension, 

Potassium excretion for non-edematous pa- Med. Clin. of N. America, Jan. 1971. 

ER IS 004 significantly increased on a 10 me 2. Podolsky, Stephen, et. al; Clinical Evaluation of Methyclo- 


- 
per day Enduron regimen, since the “peak’ thiazide, a New Potent Long-Acting Oral Diuretic Drug; 
kaliuretic dose is 5 mg.” Henry Ford Hosp. Med. Bul.; Vol. 9, P 44-449, Sept. 1961. 













Enduron 


methyclothiazide 5 mg. See following page for Brief Summary. c3 
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Enduron 


METHYCLOTHIAZIDE 


í ABBOTT ) 





TABLETS 


DESCRIPTION: ENDURON (methyclothiazide) is a 
member of the benzothiadiazine (thiazide) family 
of drugs. It is an analogue of hydrochlorothiazide. 
The structural formula for methyclothiazide may 
be represented as follows: 


H 
N H 
cl ge 
NNcu, CI 
H2NO.S N— CH3 
s~ 
O2 


Clinically, ENDURON is a potent oral diuretic- 
antihypertensive agent. 


ACTIONS: The diuretic and saluretic effects of 
ENDURON result from a drug-induced inhibition 
of the renal tubular reabsorption of electrolytes. 
The excretion of sodium and chloride is greatly 
enhanced; potassium excretion is low. Although 
urinary excretion of bicarbonate is increased 
slightly, there is usually no significant change in 
urinary pH. At the maximal therapeutic dosage, all 
thiazides are approximately equal in their diuretic 
potency. 

There is significant natriuresis and diuresis 
within two hours after administration of a single 
dose of methyclothiazide. These effects reach a 
peak in about six hours and persist for 24 hours 
following oral administration of a single dose. 

In non-edematous patients the “peak” (maximum 
effective) natriuretic single dose of ENDURON 
is 10 mg., whereas the “peak” kaliuretic dose is 
5 mg. Thus, doubling a single daily dose of 5 mg. 
results in an increase of sodium output without 
significantly increasing potassium excretion. 

Like other benzothiadiazines, ENDURON also has 
antihypertensive properties, and may be used for 
this purpose either alone or to enhance the 
antihypertensive action of other drugs. The 
mechanism by which the benzothiadiazines, 
including methyclothiazine, produce a reduction 
of elevated blood pressure is not known. However, 
sodium depletion appears to be involved. 

ENDURON is readily absorbed from the 
gastrointestinal tract and is excreted unchanged 
by the kidneys. 


INDICATIONS: ENDURON is indicated in the 
management of hypertension either as the sole 
therapeutic agent or to enhance the effect of other 
antihypertensive drugs in the more severe forms 
of hypertension. 

ENDURON is indicated as adjunctive therapy 
in edema associated with congestive heart failure, 
hepatic cirrhosis, and corticosteroid and estrogen 
therapy. 

ENDURON has also been found useful in edema 
due to various forms of renal dysfunction such as 
the nephrotic syndrome, acute glomerulonephritis, 
and chronic renal failure. 

ENDURON is indicated in the control of 
hypertension and marked edema of pregnancy 
(preeclampsia). (See ‘‘Contraindications’’ and 
“Warnings” below.) 


CONTRAINDICATIONS: Anuria. Hypersensitivity 
to this or other sulfonamide-derived drugs. 

The routine use of diuretics in an otherwise 
healthy pregnant woman with or without mild 
edema is contraindicated and possibly hazardous. 


WARNINGS: Should be used with caution in severe 
renal disease. In patients with renal disease, 
thiazides may precipitate azotemia. Cumulative 
effects of the drug may develop in patients with 
impaired renal function. 

Thiazides should be used with caution in patients 
with impaired hepatic function or progressive liver 
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disease, since minor alterations of fluid and 
electrolyte balance may precipitate hepatic coma. 

Thiazides may be additive or potentiative of the 
action of other antihypertensive drugs. Potentiation 
occurs with ganglionic or peripheral adrenergic 
blocking drugs. 

Sensitivity reactions may occur in patients with 
a history of allergy or bronchial asthma. 

The possibility of exacerbation or activation of 
systemic lupus erythematosus has been reported. 


USAGE IN PREGNANCY: Usage of thiazides in 
women of childbearing age requires that the 
potential benefits of the drug be weighed against 
its possible hazards to the fetus. These hazards 
include fetal or neonatal jaundice, thrombocytopenia, 
and possibly other adverse reactions which have 
occurred in the adult. 


NURSING MOTHERS: Thiazides cross the 
placental barrier and appear in cord blood and 
breast milk. 


PRECAUTIONS: Periodic determination of serum 
electrolytes to detect possible electrolyte imbalance 
should be performed at appropriate intervals. 

All patients receiving thiazide therapy should be 
observed for clinical signs of fluid or electrolyte 
imbalance; namely, hyponatremia, hypochloremic 
alkalosis, and hypokalemia, Serum and urine 
electrolyte determinations are particularly important 
when the patient is vomiting excessively or 
receiving parenteral fluids. Medication such as 
digitalis may also influence serum electrolytes. 
Warning signs, irrespective of cause, are: Dryness 
of mouth, thirst, weakness, lethargy, drowsiness, 
restlessness, muscle pains or cramps, muscular 
fatigue, hypotension, oliguria, tachycardia, and 
gastrointestinal disturbances such as nausea and 
vomiting. 

Hypokalemia may develop with thiazides as with 
any other potent diuretic, especially with brisk 
diuresis, when severe cirrhosis is present, or during 
concomitant use of corticosteroids or ACTH. 

Interference with adequate oral electrolyte 
intake will also contribute to hypokalemia. Digitalis 
therapy may exaggerate metabolic effects of 
hypokalemia especially with reference to myocardial 
activity. 

Any chloride deficit is generally mild and usually 
does not require specific treatment except under 
extraordinary circumstances (as in liver disease or 
renal disease). Dilutional hyponatremia may occur 
in edematous patients in hot weather; appropriate 
therapy is water restriction, rather than administra- 
tion of salt except in rare instances when the 
hyponatremia is life threatening. 

In actual salt depletion, appropriate replacement 
is the therapy of choice. 

Hyperuricemia may occur or frank gout may be 
precipitated in certain patients receiving thiazide 
therapy. 

Insulin requirements in diabetic patients may be 
increased, decreased, or unchanged. Latent 
diabetes mellitus may become manifest during 
thiazide administration. 

Thiazide drugs may increase the responsiveness 
to tubocurarine. 

The antihypertensive effects of the drug may be 
enhanced in the postsympathectomy patient. 

Thiazides may decrease arterial responsiveness 
to norepinephrine. This diminution is not sufficient 
to preclude effectiveness of the pressor agent for 
therapeutic use. 

If progressive renal impairment becomes evident 
as indicated by a rising nonprotein nitrogen or 
blood urea nitrogen, a careful reappraisal of 
therapy is necessary with consideration given to 
withholding or discontinuing diuretic therapy. 

Thiazides may decrease serum PBI levels without 
signs of thyroid disturbance. 


ADVERSE REACTIONS: Gastrointestinal system 
reactions: Anorexia, gastric irritation, nausea, 
vomiting, cramping, diarrhea, constipation, 
jaundice (intrahepatic cholestatic jaundice), 
pancreatitis. 

Central nervous system reactions: Dizziness, 
vertigo, paresthesias, headache, xanthopsia. 

Hematologic reactions: Leukopenia, agranulo- 
cytosis, thrombocytopenia, aplastic anemia. 

Dermatologic—hypersensitivity reactions: 
Purpura, photosensitivity, rash, urticaria, necrotizing 
angiitis (vasculitis) (cutaneous vasculitis). 

Cardiovascular reaction: Orthostatic hypotension 
may occur and may be aggravated by alcohol, 
barbiturates, or narcotics. 

Other: Hyperglycemia, glycosuria, hyperuricemia, 
muscle spasm, weakness, restlessness. 

Whenever adverse reactions are moderate or 
severe, thiazide dosage should be reduced or 
therapy withdrawn. 


DOSAGE AND ADMINISTRATION: ENDURON 
(methyclothiazide) is administered orally. The usual 
adult dose ranges from 2.5 to 10 mg. once daily. 

Therapy should be individualized according to 
patient response. This therapy should be titrated to 
gain maximal therapeutic response as well as the 
minimal dose possible to maintain that therapeutic 
response. 

To maintain an edema-free state or as an adjunct 
in the management of hypertension, 2.5 to 5.0 mg. 
once daily is often adequate. 

Maximum effective single dose is 10 mg.; larger 
single doses do not accomplish greater diuresis, 
and are not recommended. 

If edema is resistant to methyclothiazide alone, 
the concomitant administration of an aldosterone 
inhibitor or the use of a more potent diuretic may 
be indicated. 

In the treatment of hypertension, ENDURON 
may be either employed alone or concurrently with 
other antihypertensive drugs. Combined therapy 
may provide adequate control of hypertension with 
lower dosage of the component drugs and fewer or 
less severe side effects. An enhanced response 
frequently follows its concurrent administration 
with Harmonyl® (deserpidine) so that dosage of 
both drugs may be reduced. 

For treatment of moderately severe or severe 
hypertension, supplemental use of other more 
potent antihypertensive agents such as Eutonyl® 
(pargyline hydrochloride) may be indicated. Such 
a combination is particularly useful when edema 
from congestive heart failure or other conditions 
requiring diuretic therapy coexist with hypertension. 

When other antihypertensive agents are to be 
added to the regimen, this should be accomplished 
gradually. Ganglionic blocking agents should be 
given at only half the usual dose since their effect 
is potentiated by pretreatment with ENDURON. 


OVERDOSAGE: Symptoms of overdosage include 
electrolyte imbalance and signs of potassium 
deficiency such as confusion, dizziness, muscular 
weakness, and gastrointestinal disturbances. 
General supportive measures including replacement 
of fluids and electrolytes may be indicated in 
treatment of overdosage. 


HOW SUPPLIED: ENDURON (methyclothiazide) 
is provided in two dosage sizes as monogrammed, 
grooved, square-shaped tablets: 

2.5 mg. tablets, orange-colored, NDC 

074-6827-01 (bottles of 100); and NDC 

074-6827-02 (bottles of 1000). 

5 mg. tablets, salmon-colored, NDC 074-6812-01 

(bottles of 100); NDC 074-6812-02 (bottles of 

1000); and NDC 074-6812-03 (bottles of 5000). 
The 5 mg., salmon-colored tablets are also available 
in ABBO-PAC® (Unit-of-use packages), 100 tablets, 
NDC 074-6812-10, in strips of 10 tablets.  211396R 


HP LEADERSHIP...IN PRACTICE 





Right now,an 
HP Monitor is going into 
its fifth continuous da 
of testatl04 F 
and 95% humidity. 


And in an HP engineering conference 
room, six engineers are discussing in 
detail a three-month clinical product 

evaluation report sent in by a hospital. 


On the production floor, 19 elements 
of a computer-aided ECG interpretive 


system are being hooked up as they will 
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be in the hospital, in readiness for a 
complete system test. Five-hundred 
miles away, HP engineers are meeting 
with an independent standards group, 
seeking practical approaches to even 
tighter controls of instrument quality 
and performance assurance. Ina lab 
with ‘‘Materials Engineering” on the 
door, new light-emitting diodes are 
being tested for use as digital readouts 
in anew blood pressure monitor. 

These are typical of the many things 
we do to insure safe, reliable, clinically 
effective products. And to coordinate 
all efforts, a special engineering group of 
31 concentrate on five key areas: design 
soundness, component and material 
choice, quality and reliability assurance 
testing, environmental testing, and com- 
pliance with clinical safety standards. 


oy 


HP safety is in numbers . . . and in the 


quality and reliability of HP people as 
well. Hewlett-Packard, Waltham, Mass. 


Europe: HPSA, Geneva. 
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Clinically, the most experienced 
system for temporary 


For counterpulsation treatment or 
support in cardiogenic shock, myo- 
cardial infarction and other low 
output situations... including with- 
drawal after heart-lung machine 
use ... the Avco System is quickly 
and easily instituted at bedside. 

For many practical, performance- 
related reasons, the Avco System 
has become the most widely used 
intra-aortic balloon pump in clini- 
cal applications. 





Non-occlusive balloon — ex- 
clusive, patented three-cham- 
ber design. Prevents end-oc- 
clusion, thus eliminating blood 
trapping and excessive stress 
on the aortic wall. A physiolog- 
ically optimal pumping action. 
The advanced antithrombo- 
genic co-polymer material 
developed for balloon con- 
struction permits use in non- 





















ssistance 


~ QRS synchronization — the unique 


‘logic system provides precise syn- 
“chronization with normal and abnor- 
‘mal rhythms. Preset balloon inflation 
and deflation timing is triggered 


automatically by the patient's QRS 


complex. Timing is maintained by pre- 
‘diction of the R-R interval. 


Emphasis on patient safety — Safety 


= @ngineering in the Avco System in- 


cludes fail-safe venting, self-initiated 
trouble identification and, if needed 
.- . independent operation with a self- 
contained battery supply. 


Automatic reset 
— the Avco Sys- 
tem contains 
many features for 
ease of operation, 
such as automatic 
reset for changes 
in interval or drop of an R wave. Com- 
plete automation with minimum ad- 
justments means full, convenient, con- 
tinuous control while observing the 





heparinized patients. 


The Avco patient and his condition. 
Intra-Aortic — 
Balloon Pump 


Behind the Avco System stand seven years of clinically oriented 
development and the Roche nationwide service organization. 
For literature and reports on clinical experience, write to us now. 


“Developed by Avco Corporation and manufactured for Roche Medical Electronics 
Division. 





Medical Electronics Division, Hoffmann-La Roche Inc., Cranbury, N.J. 08512 


STABLE ANGINA OR PRE-INFARCTION ANGINA? 


DIFFERENTIAL DIAGNOSIS OF STABLE 
ANGINA PECTORIS AND PRE-INFARCTION ANGINA 


STABLE ANGINA PECTORIS |PARAMETERS}| PRE-INFARCTION ANGINA 


over sternum, over sternum, 







often spread- often spread- 
ing across ing across 
the chest the chest 



















LOCATION 




















Leite tend or aeai or 
oth arms, oth arms, 
neck, or jaw, neck, or jaw, 
or any 

combination RADIATION 

thereof OF thereof 







usually sub- lasts more 
sides within than 5 
1to5 minutes 
minutes DURATION 








pressure or heavy discomfort similar but more intense 


CHARACTER 
OF 
PAIN 












sweating and 
weakness 
in most 
patients 










ASSOCIATED 
SYMPTOMS 


usually none 





exertion, 
emotion, 
eating, cold 
weather, 
lying down 


PRECIPITATING 
FACTORS 





often none 









sublingual 













FACTORS 







nitrogyeetin e Y GIVING may gv 
RELIEF incomplete or 
ey only gps 

ANGINAL 

ATTACK 







transient S-T segment S-T segment depression, 


depression at or ELECTRO- Í usually long lasting; 
ownsloping), -wave inversions often 
disappearing with CARDIOGRAM appear and persist; 
relief of pain occasionally the ECG 


may be normal. 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS"... 


e terminate or reduce the 
severity and frequency of 
acute angina pectoris 
attacks 

e provide prophylaxis 
against anginal attacks 
often caused by 
unavoidable everyday 
stress 


ISORDIL 
SUBLINGUAL 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 


*\ndications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

“Probably” effective: When taken by the 


sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 





Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoltative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. (Sees 


New York, N. Y. 10017 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 
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RIOPAN 


ANTACID SUSPENSION 


Lowest 
sodium 
content 
of the 3 
leading 
antacids” 


Pleasant, fresh 
SI GENIC 


Consistently 
effective 


RIOPAN 


Brand of 


magadra 


Also available in 
Chew and Swallow Tablets 


mee ae 
| Ayerst. AYERST LABORATORIES 
New York, N.Y. 10017 


*Adapted from Penna, R. P.: Antacids, in Hand- 
book of Non-Prescription Drugs, Washington, 
D.C., American Pharm. Assn., 1971 Edition, p. 7. 
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HELP SUSTAIN IT WITH THESE 
NEW BOOKS FROM MOSBY! 


A New Book! Zalis-Conover 
UNDERSTANDING 
ELECTROCARDIOGRAPHY 
Physiological and Interpretive Concepts 
Once the authors delineate the physiologic 
interrelationships of all major heart functions, 
they redefine these functions in light of ‘‘elec- 
trical potentials” of muscle action. Review both 
why and how muscle movement can be pro- 
cessed electronically into various types of visual 

graphs. 
By EDWIN G. ZALIS, M.D., F.A.C.P., F.C.C.P.; and 
MARY H. CONOVER, R.N., B.S.N.Ed. August, 1972. 


192 pages plus FM I-XII, 7” x 10”, 341 illustrations. 
Price, $5.75. 


A New Book! Hamilton-Lavin 
DECISION MAKING IN 

THE CORONARY CARE UNIT 

A Manual and Workbook for Nurses 
A total of 123 realistic cases, each accompanied 
by a description of the patient's total condition 
and an EKG tracing, will provide enough 
information to determine the most appropriate 
treatment goals, actions, and methods of evalu- 
ation. 


By WILLIAM P. HAMILTON, M.D.; and MARY ANN 
LAVIN, R.N., B.S.N., M.S.N. September, 1972. 150 
pages plus FM I-X, 7” x 10”, 124 illustrations. Price, 
$4.25. 


A New Book! Vinsant et al. 
A COMMONSENSE APPROACH 
TO CORONARY CARE 
A Program 
This programmed guide encourages the reader 
to arrive at solutions through reason rather than 
through memorization. After a thorough exami- 
nation of anatomy and physiology, the authors 
cover heart failure and shock, diagnosis of an 
acute MI, arrhythmias, and much more! 


By MARIELLE ORTIZ VINSANT, R.N., B.S.; 
MARTHA I. SPENCE, R.N., B.S., M.N.; and DIANNE 
E. CHAPELL, R.N., B.S. October, 1972. 222 pages 
plus FM I-XIV, 7” x 10”, 243 illustrations. Price, 


MOSBY 


TIMES MIRROR 


THE C. V. MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 
ST. LOUIS, MISSOURI 63141 






























System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO2 to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO; is 
transferred from one balloon to another. | 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data’ show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 


j DATASCOpE SYSTEM 80 


nnn 





Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

** U.S. Patent #3,347,452 


Datascope System 80 
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REMEMBER 





D l ATT Trademark 


Each capsule contains 50 mg. of Dyrenium® 
(brand of triamterene) and 25 mg. of hydrochlorothiazide. 


AND FORGET 


m pounds of bananas or potassium supplements. 
‘Dyazide’ saves dollars by conserving potassium 
most diuretics waste. 


E tolerance problems due to aldosterone buildup. 
‘Dyazide’ acts regardless of aldosterone level. 


W worries about expense. 
The price of ‘Dyazide’ is comparable to that 
of plain hydrochlorothiazide. 


‘Dyazide’ can occasionally cause hyperkalemia. Accordingly, serum potassium 
and BUN should be checked during therapy, particularly in patients with 
suspected or confirmed renal insufficiency (e.g., elderly or diabetic patients). 
If hyperkalemia develops, ‘Dyazide’ should be withdrawn and a thiazide alone 
substituted. 


Use ‘Dyazide’ with caution during pregnancy or in women who might bear 
children; its potential benefits should be weighed against possible hazards 
to the fetus. 


*See next page for indications and brief prescribing information. 
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Each capsule contains 50 mg. of Dyrenium® 


DYAZIDE 





(brand of triamterene) and 25 mg. of hydrochlorothiazide. 


GETS THE 
WATER OUT 
IN EDEMA 


BRINGS BLOOD 
PRESSURE DOWN 















IN MILD TO MODERATE 


HYPERTENSION 


SPARES POTASSIUM 
IN BOTH 








Before prescribing, see complete prescribing information 
in SK&F literature or PDR. 

Indications: Edema associated with congestive heart 
failure, cirrhosis of the liver, the nephrotic syndrome; 
steroid-induced and idiopathic edema; edema resistant to 


other diuretic therapy. Also, mild to moderate hypertension. 


Contraindications: Pre-existing elevated serum potassium. 
Hypersensitivity to either component. Continued use in 
progressive renal or hepatic dysfunction or developing 
hyperkalemia. 


Warnings: Do not use dietary potassium supplements or 
potassium salts unless hypokalemia develops or dietary 
potassium intake is markedly impaired. Enteric-coated po- 
tassium salts may cause small bowel stenosis with or 
without ulceration. Hyperkalemia (> 5.4 mEq/L) has been 
reported in 4% of patients under 60 years, in 12% of 
patients over 60 years, and in less than 8% of patients 
overall. Rarely, cases have been associated with cardiac 
irregularities. Accordingly, check serum potassium during 
therapy, particularly in patients with suspected or con- 
firmed renal insufficiency (e.g., elderly or diabetics). If 
hyperkalemia develops, substitute a thiazide alone. If 
spironolactone is used concomitantly with “‘Dyazide’, 
check serum potassium frequently — both can cause potas- 
sium retention and sometimes hyperkalemia. Two deaths 
have been reported in patients on such combined therapy 
(in one, recommended dosage was exceeded; in the other, 
serum electrolytes were not properly monitored). Observe 
patients on ‘Dyazide’ regularly for possible blood dyscra- 
sias, liver damage or other idiosyncratic reactions. Blood 
dyscrasias have been reported in patients receiving 
Dyrenium (triamterene, SK&F ). Rarely, leukopenia, throm- 
bocytopenia, agranulocytosis, and aplastic anemia have 
been reported with the thiazides. Watch for signs of 
impending coma in acutely ill cirrhotics. Thiazides are 
reported to cross the pldcental barrier and appear in breast 
milk. This may result in fetal or neonatal hyperbilirubi- 


nemia, thrombocytopenia, altered carbohydrate metabolism 


and possibly other adverse reactions-that Haye occurred in 
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the adult. When used during pregnancy or in women who 
might bear children, weigh potential benefits against 
possible hazards to fetus. 


Precautions: Do periodic serum electrolyte and BUN 
determinations. Do periodic hematologic studies in cir- 
rhotics with splenomegaly. Antihypertensive effects may 
be enhanced in postsympathectomy patients. The follow- 
ing may occur: hyperuricemia and gout, reversible nitrogen 
retention, decreasing alkali reserve with possible metabolic 
acidosis, hyperglycemia and glycosuria (diabetic insulin 
requirements may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical patients. Con- 
comitant use with antihypertensive agents may result in an 
additive hypotensive effect. 


Adverse Reactions: Muscle cramps, weakness, dizziness, 
headache, dry mouth; anaphylaxis; rash, urticaria, photo- 
sensitivity, purpura, other dermatological conditions; 
nausea and vomiting (may indicate electrolyte imbalance), 
diarrhea, constipation, other gastrointestinal disturbances. 
Rarely, necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, and xanthopsia have occurred with thiazides 
alone. 


Supplied: Bottles of 100 capsules. 








SKSSF CO. 

Carolina, P.R. 00630 

A subsidiary of 

Smith Kline & French Laboratories 








Will his return 
the return of undue 


When it’s mandatory 
to keep the postcoronary 
b aoe T atient calm, consider 
d Valium” enan. 
i al ‘i j Although he’s promised 
» to take it easy back on the 
sb, you know he’s going 
~ back to the same stressful 
si circumstances that may have 
contributed ’to is alina If he experiences 
excessive anxiety and tension because of overreaction to 
stress, your prescription for Valium can bring 
relief. During the period of eens Valium. 
can quiet undue anxiety. 
For moderate states of psychic tension, 5-mg or 
2-mg Valium tablets b.i.d. to q.i.d. can usually 















Roche Laboratori 
Division of Hoffman n-La Roche Inc. 
Nutley, N.J. 07110 


towork mean 
psychic tension? 





srovide reliable relief. For severe tension-anxiety 
states, the 10-mg tablets often produce desired results. 

On proper maintenance dosage, Valium seldom 
Julls the senses or interferes with alertness. Valium is 
yenerally well tolerated; the most commonly reported 
side effects are drowsiness, ataxia aie a 
ind fatigue. Until individual pee lal 
‘esponse is determined, a 
saution patient against driving = 
or Operating dangerous 
machinery. 






Please see following 
age for prescribing 


nformation. Vali = ae 


el me: 
Kor the tense cardiac patient who must be kept calm 


If the cardiac patient has 
nighttime psychic tension, an 
h.s. dose added to the t.i.d. 


schedule can ensure a restful 


night’s sleep. 


Valium 


(diazepam) 
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2-mg, 5-mg, 10-mg tablets 
When the tense cardiac patient must be kept calm 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are 
concomitants of emotional factors; 
psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, 
depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in 
skeletal muscle spasm due to reflex 
spasm to local pathology, spasticity 
caused by upper motor neuron disorders, 
athetosis, stiff-man syndrome, convulsive 
disorders (not for sole therapy). 

Contraindicated: Known hypersensi- 
tivity to the drug. Children under 6 
months of age. Acute narrow angle glau- 
coma; may be used in patients with open 
angle glaucoma who are receiving 
appropriate therapy. 

Warnings: Not of value in psychotic 
patients. Caution against hazardous 
occupations requiring complete mental 
alertness. When used adjunctively in 
convulsive disorders, possibility of 
increase in frequency and/ or severity of 
grand mal seizures may require increased 
dosage of standard anticonvulsant 
medication; abrupt withdrawal may be 
associated with temporary increase in 
frequency and/or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their 
predisposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh po- 
tential benefit against possible hazard. 

Precautions: lf combined with other 
psychotropics or anticonvulsants, 
consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants may potentiate 
its action. Usual precautions indicated 
in patients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precautions in 
impaired renal or hepatic function. Limit 
dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia 
or oversedation. 

Side Effects: Drowsiness, confusion, 
diplopia, hypotension, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in 
salivation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. 


Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
Stimulation have been reported; should 
these occur, discontinue drug. Isolated 
reports of neutropenia, jaundice; periodic 
blood counts and liver function tests 
advisable during long-term therapy. 
Dosage: Individualize for maximum 
beneficial effect. Adu/ts: Tension, anxiety 
and psychoneurotic states, 2 to 10 mg 
b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg t.i.d. 
or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. 
or q.i.d.; adjunctively in convulsive 
disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 2% 
mg, 1 or 2 times daily initially, increasing 
as needed and tolerated. (See 
Precautions.) Children: 1 to 242 mg t.i.d. 
or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium® (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; bottles 
of 100 and 500. All strengths also avail- 
able in Tel-E-Dose® packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


VIDA...Life for hearts too good to die 





“The screech owl,” complained Pliny the Elder, “always betokens some 
heavy news and is most execrable and accursed. In summer he is the very 
monster of the night, neither singing nor crying out clear, but uttering a 
certain heavy groan of doleful mourning; and therefore if it be seen to fly 
in any place it prognosticates some fearful misfortune.” 


Ancient Rome’s leading naturalist (23-79 A.D.) was reflecting the popular 
but unscientific view that owls could predict human ills. 


Vida’s predictions, in contrast, are scientifically sound. This pocket-sized 
ventricular impulse detector and alarm may alert its wearer if ventricular 
fibrillation is imminent. 


Vida can be programmed by the physician to detect excessive VPC activity, 
abnormal rate, or both. Occurrence of these events triggers an audible tone 
that may give time to prevent sudden death. The tone, representing the 
patient’s ECG, can be sent by telephone over any distance to a Vidagraph™ 
in the physician’s office or a CCU for immediate diagnosis. 





Fourth of a series. Reproductions suitable for framing on request. 


[=> CARDIODYNAMICS -VIDA MEDICAL SYSTEMS, INC. 


6841 DUBLIN BLVD. DUBLIN, CALIFORNIA 94566. 
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HE MAY TAKE DIURETIC-INDUCED — 
POTASSIUM LOSS'TOHEART’ 
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AVOID POTASSIUM DEFICIENCY WITH... 


ICLYTE o ALYTE GL 


potassium supplement potassium supplement with chloride 





Manifestations of potassium deficiency may range through a variety of signs 
and symptoms including muscular weakness and fatigue...cardiac alterations 
discernible by characteristic ECG tracings... impaired mental function and diminished 
reflexes...impaired respiration... anorexia and abdominal distention. 


The etiology of hypokalemia is also broad, encompassing a number of clinical 
conditions. But most important of all may be a course of treatment that causes 
excessive loss of body potassium—such as thiazide diuretics and corticosteroids. 


No matter what the etiology, the solution is usually potassium 
supplementation. 


What better way to supplement than with K-LYTE or K-LYTE/CL. Efferves- 
cent K-LYTE tablets supply the usually recommended dose of 50 mEq. potassium daily 
in just two tablets. When chloride is also desirable, K-LYTE/CL provides it in the pre- 
ferred 1:1 ratio to potassium. Both forms are accurate and reliable sources of electro- 
lyte replacement. Administration in “pre-dissolved” form reduces the potential for 
G.I. irritation. Finally, you have a choice of three delicious flavors—a taste of oranges, 
tangy lime or fruit punch—all good enough to drive a patient to drink. 


@ Each effervescent tablet in ® Each dose of powder in 
kag! solution supplies 25 mEq. potas- Ge e solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 


Each tablet or dose must be completely dissolved before taking. : ve 
Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of potassium deficiency. 
Particularly useful when thiazide diuretics or corticosteroids cause excessive excretory potassium losses. Contraindica- 
tions: Impaired renal function with oliguria or azotemia; Addison’s disease; hyperkalemia from any cause. Warnings 
and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately, supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, 
and serum potassium level are desirable. In established hypokalemia, attention should also be directed toward other 
potential electrolyte disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. K-Lyte/Cl 
contains approximately 20-25 Calories of sucrose per dose which should be considered for patients with restriction of 
caloric intake. Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 
potassium salts. Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, depending 
upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 to 4 ounces of cold or ice water; 
K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold or ice water. The normal adult daily requirement 
is approximately 50 mEq. of elemental potassium. NOTE: It is suggested that these 

products be.taken with meals and sipped slowly over a 5-10 minute period. How Supplied: 

K-Lyte: Effervescent tablets—boxes of 30 and 250 es or lime flavors). K-Lyte/Cl: Mead INsoN 
Powder, cans of 30 measured doses with scoop (fruit-punch flavor). R 

©1972 MEAD JOHNSON & COMPANY «+ EVANSVILLE, INDIANA 47721 U.S.A. 187972 LABORATORIES 
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Excessive anxiety in the 


The Somatic Protest 


Although he has valid reason for con- 
cern, the person convalescing from myo- 
cardial infarction may react to his illness 
with disproportionate anxiety, which can 
hinder smooth recovery and rehabilita- 
tion. Undue anxiety and emotional 
tension may, in some patients, markedly 
increase catecholamine excretion during 
Stay in, and on day of transfer from, the 
CCU, causing increased heart rate, in- 
creased cardiac output and intensified 
oxygen consump- 
tion by heart muscle. 
Excessive anxiety 
can (1) increase feel- 
ings of frustration at 
forced inactivity, (2) foster undue preoc- 
Cupation with heart function, (3) diminish 
capacity to tolerate prospect of work 
stress and (4) retard rehabilitation. A 
calm outlook and reduction of excessive 
emotional stress are thus desirable. 

i f. Adjunctive anti 
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Post inferior wall 
myocardial infarct. 
Right bundle branch block. 











anxiety medication, 
| when needed to 
A i. complement coun- 
ain seling and re- 
assurance, 
should be 
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postcoronary patient... 


Diese both effective and comparatively free 

; A from undesirable side effects. Extensive 
clinical experience has demonstrated 
that Librium (chlordiazepoxide HCI) ful- 
fills these requirements with a high 
degree of consistency. 

Librium has an outstanding record 
of effectiveness with safety. After more 
than 12 years of wide clinical use, expe- 
rience with Librium continues to reflect 
its highly favorable therapeutic index. In 
general use, the most common side 
effects reported have been drowsiness, 
ataxia and confusion, particularly in the 
elderly and debilitated. At the physician's 
discretion, Librium may be administered 
for extended periods, without diminution 
of effect or need for increase in dosage. 
When treatment is prolonged, periodic 
blood counts and liver function tests are 
advisable. When anxiety has been re- 
duced to tolerable levels, Librium therapy 
should be discontinued. 





For moderate to severe 
anxiety adversely affecting 
cardiac function 


k adjunctive 
Librium: 10 mg 
(chlordiazeooxide HCI) 
lor 2 capsules tid /ald. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see following page for summary of product information. 





Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Relief of anxiety and 
tension occurring alone or accompanying 
various disease states. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about 
possible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patients against 
hazardous occupations requiring complete 
mental alertness (e.g., operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use Caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, have 
been reported. Use of any drug in preg- 
nancy, lactation, or in women of childbearing 
age requires that its potential benefits be 
weighed against its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit to small- 
est effective dosage (initially 10 mg or less 
per day) to preclude ataxia or oversedation, 
increasing gradually as needed and toler- 
ated. Not recommended in children under 
six. Though generally not recommended, 
if combination therapy with other psycho- 
tropics seems indicated, carefully consider 
individual pharmacologic effects, particu- 
larly in use of potentiating drugs such as 
MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired 
renal or hepatic function. Paradoxical reac- 
tions (e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treatment 
of anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures necessary. 
Variable effects on blood coagulation have 
been reported very rarely in patients receiv- 
ing the drug and oral anticoagulants; causal 
relationship has not been established 
clinically. 





Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal 
symptoms, increased and decreased libido 
—all infrequent and generally controlled 
with dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment; blood 
dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been 
reported occasionally, making periodic 
blood counts and liver function tests advis- 
able during protracted therapy. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects. Ora/— Adults: 
Mild and moderate anxiety and tension, 5 or 
10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or g.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

Supplied: Librium® (chlordiazepoxide 
HCl) Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500; Tel-E-Dose® 
packages of 1000. Libritabs® (chlordiaz- 
epoxide) Tablets, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500. With respect to 
clinical activity, capsules and tablets are 
indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Adjunct to cardiovascular drug therapy 


Librium (chlordiazepoxide HCI) is used concomitantly 
with certain specific medications of other classes of drugs, 


e.g., cardiac glycosides, diuretics and antihypertensive agents, 
whenever anxiety is a clinically significant factor. 


for relief of excessive anxiety in functional 
and organic cardiac disorders 


adjunctive Librium 


(chlordiazepoxide HCl) 
o-mg, 10-mg, 25-mg capsules 
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Nitr oStat nitroglycerin) 
‘potency-protected’ 








tablet 





PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
Detroit, Michigan 48232 


sublingual nitroglycerin 





Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the “potency-protected” sublingual nitroglycerin 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 
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@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
60 Range—97 to 110.89% label claim; 
average—104.49% 


~® Assay values for each of 30 tablets assayed 
50 separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


40 i Assay range—four additional lots stored without 
filler in bottle 


Assay range—four additional lots stored with 
filler in bottle 


30 


of 
Label 
Claim 


PA-665 113772 
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frequency and severity Duration: 


of anginal attacks" 4-6 hours for prolongec 
protection 
need for nitroglycerin Onset of action: 
LN. yacht ae i 
And when indicated: 
And probably Sorbitrate’ (isosorbide 


anxiety and apprehension dinitrate) 5 mg. oral 
over imminent attacks. tablets 


*Oral dosage forms of this drug have been evaluated as possibly effective. See Brief Summary. 


UMMARY OF PRESCRIBING INFORMATION 


MAn en ae a 
Indications: Based on a review of this drug by the National Academy | 
of Sciences —National Research Council and/or other information, | 
FDA has classified the indication as follows: | 

“Possibly” effective: For the treatment of angina pectoris. | 
Final classification of the less-than-effective indications require 
further investigation. 





‘ontraindications: A history of sensitivity to the drug. 
Varnings: Data supporting the use of nitrates during the early days of 
ue acute phase of myocardial infarction are insufficient to establish 
afety. 
'recautions: Should be used with caution in patients who have glaucoma. 
olerance and cross tolerance to other nitrates may occur. 
\dverse Reactions: Headache which may be severe and persistent. 
owering the dose and using analgesics will help control the headaches 
vhich usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
lushing; transient dizziness and weakness as well as other signs of 
erebral ischemia associated with postural hypotension; individual 





marked sensitivity to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic dose (alcohol may 
enhance this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamineand otheragents. 

Dosage and Administration: Oral tablets. 

Individual Dose: Smallest effective dose should be employed. Five to 
10 mg. is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. Oral SORBITRATE may be 
taken 3 to 4 times daily. Although the onset and duration of effect of 
coronary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Oral: 15 to 30 minutes. 

Duration of Effect: Oral: Estimated to be4 to6hours. 

Itis recommended that the oral dosage be taken on an empty stomach. 


STUART PHARMACEUTICALS | Div. of ICI America Inc. 
WILMINGTON, DEL. 19899 | PASADENA, CALIF. 91109 
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Marder to 
beat every 
year. 


System 5 is the fifth generation of performance-proven Physio-Control monitoring 
systems. 


System 5 is advanced solid-state engineering and modular design for flexibility, 
reliability and serviceability. 


System 5 has new features like Monitor III, a dual-trace bedside monitor that displays 
both ECG and blood-pressure wave forms, with a light-emitting diode rate meter. 
This year’s System also includes an improved telemetry system that delivers 

greater reliability, a newly designed ECG Recorder, and Monitor Ili, a Patient 
Monitor that features an isolated input for the prevention of accidental current 
leakage, and optional telemetry. 


System 5 will be tailored to fit your exact needs. Physio-Control also provides 
a complete education program for your staff, and the on-going assurance of fast and 
thorough service by a dedicated team of medical electronics professionals. 


System 5 is a complete monitoring system at a price you can’t beat anywhere. 
System 5... we began by making it hard to beat... and every year we make it better. 


For more information about System 5, or any of our other fine products, write: 
Physio-Control Corporation, 2607 Second Avenue, Seattle, Washington 98121. 
Telephone (206) 624-4824. Telex 32-0166. Cable: Physio-Sea. 





Cc Physio-Control 
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The full treatment. 





A-44 








In strep throat, 
10 days’ 





At least 10 days’ penicillin therapy is deemed 
necessary in mild to moderate group A 


streptococcal pharyngitis (without bacteremia) to 


eradicate the streptococcus and preclude the 
onset of rheumatic fever. * 


Fortunately, 10 days’ therapy can be insured very 
simply and without risk of missed doses. Through 
a single injection of Bicillin Long-Acting (sterile 
benzathine penicillin G suspension), considered 
by authorities a method of choice. 

tRheumatic Fever Committee of the Council on Rheumatic 


Fever and Congenital Heart Disease of the American Heart 
Association. 


penicillin 
with one injection. 


Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum 
levels common to this dosage form. Therapy should be guided by 
bacteriological studies (including sensitivity tests) and clinical 
response. 

The following infections usually respond to adequate dosage of 
IM benzathine penicillin G. 
Streptococcal infections (Group A—without bacteremia). Mild to 
moderate upper respiratory infections (e g., pharyngitis). 
Venereal infections——Syphilis, yaws, bejel, and pinta. 

Medical Conditions in which Benzathine Penicillin G Therapy is 
indicated as Prophylaxis: 
Rheumatic fever and/or chorea—Prophylaxis with benzathine 
penicillin G has proven effective in preventing recurrence of these 
conditions. It has also been used as followup prophylactic therapy 
for rheumatic heart disease and acute glomerulonephritis. 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 


Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins. 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully 
inquire into previous hypersensitivity to penicillins, cephalosporins 
and other allergens. If allergic reaction occurs, discontinue drug and 
treat with usual agents, e.g., pressor amines, antihistamines and 
corticosteroids. 

Precautions: Use cautiously in individuals with histories of 
significant allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or 
near major peripheral nerves or blood vessels, since such injection 
may produce neurovascular damage. 

*In streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequalae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of 
nonsusceptible organisms including fungi. Take appropriate measures 
if superinfection occurs. 

Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and 
other serum sickness reactions, laryngeal edema and anaphylaxis. 
Fever and eosinophilia may frequently be only reaction observed. 
Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy and 
nephropathy are infrequent and usually associated with high 
parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has 
been reported. 

Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc.—10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. polyvinyl- 
pyrrolidone, 1 mg. carboxymethylcellulose, 0.5 mg. sorbitan 
monopalmitate, 0.5 mg. polyoxyethylene sorbitan monopalmitate, 
0.14 mg. propylparaben and 1.2 mg. methylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) 
Wyeth, packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. 
single-dose disposable syringe; 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate 
buffer and, as w/v, approximately 0.5% lecithin, 0.4% carboxy- 
methylcellulose, 0.4% polyvinylpyrrolidone, 0.01% propylparaben 
and 0.09% methylparaben. 
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Now, patients under your care that are 
engaged in exercise programs, taking part 
in sports activities, or performing workday 
tasks can maintain their heart rate 
within a prescribed zone. 








PRESCRIBED PHYSICAL EXERTION 


The Pacex... 


Specifically designed by Medrad to provide the 
wearer with an audio/visual heart signal, the 
Pacex can be utilized to enhance exercising pro- 
rams or to provide the wearer with a constant 
Part rate awareness. 


How the Pacex Works 


Two electrodes placed near the heart send R-Wave 
signals to the Pacex. The Pacex is programmed by 
setting a maximum and minimum prescribed 
heart rate level. When the heart rate falls below 
the minimum prescribed setting, an audible signal 
will occur to indicate each heart beat (sub-training) 
zone). When the heart rate increases to beyond 
the minimum setting, the unit will silence (training 
zone) and remain so until heart activity decreases 
to below the minimum setting or increases to 
beyond the maximum setting. Above the maximum 
heart rate setting, a constant audible alarm will 
sound (warning zone). This alarm will continue 
until the heart rate falls again to below the maxi- 
mum Bihis A setting. 


a | 


i ae Maximum 5 
Setting Setting 

. Sensitivity Control. 

. On-Off Switch. 


Maximum Rate Setting. 
Test Button - Tests battery. 
Provides audible heart rate indication. 
Earphone Jack - For private monitoring. 

ECG Input - Connects to chest electrode leads. 
Minimum Rate Setting - Set in Beats Per Minute (BPM). 
- Light Indicator - Indicates recognition of a Heart Beat. 
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For The Cardiac Patient 


For the individual with known or suspected coro- 
nary artery disease, you can now prescribe physical 
activity sufficient for conditioning - but below a 
danger point. The Pacex will allow you to accurately 
control your patient’s activity level. 


To Warn Of Excessive Heart Rates 


For recently hospitalized patients, snow- 
shovelers, or for individuals whom you 
feel should limit physical activity, 
the Pacex can be programmed and 
set to alarm the wearer when his 
maximum prescribed heart rate is 
exceeded. The Pacex will remain 
silent... while 
continually monitoring 
the heart rate.. 
and when the max- 
imum setting is 
reached, the Pacex 
will trigger an audio 
alarm signal. 











For Maximum Physical 

Conditioning 

Maximum benefits to individuals 

participating in exercise programs 

or competitive athletics are obtained 

when the heart rate is increased and maintained in 
a prescribed training zone during exercise. 


For more information regarding the Pacex, please write: 


menrRan 


TECHANOLOGY FOR- PEOPLE 


4084 Mt. Royal Boulevard, Allison Park, Pa. 15101 
Phone: 412/486-5727 TWX: 710-795-3631 
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New Irom American Upucal: 


PULSAR 3000 
DC defibrillator. | 
Portable any where, anytime. 


Our new PULSAR™3000 DC defibrillator is a compact 30 Ib. unit 
(it’s easily portable) and has just about every feature you’ll ever need 
for fibrillation emergencies. 

You can monitor the patient through the defibrillator paddles or 
through a patient lead cable. There are two ECG outputs—a one milli- 
volt and a one volt output providing necessary signals for recording or 
display. Additionally, you can transmit the patient’s ECG over stan- 
dard telephone lines with our built-in modulated signal output. The 
PU LSAR™ 3000 defibrillator is rechargeable in a maximum of 3 hours after 4 hours of 
continuous ECG monitoring or thirty discharges of 400 watt seconds. 

Add the proven Lown waveform made famous by AO, a synchronizer, built-in tes! 
load, a scope and visual battery condition indicator that can be seen even with the case 
fully closed, and you have what we consider to be just about the most advanced, con- 
venient, and dependable portable DC defibrillator available today. 

PULSAR™ 3000 defibrillator. Traditional AO quality, reliability, performance. 
Designed for tough, demanding emergency coronary diagnosis and treatment. And jus 
one of three new models. 

Call or write us today for a demonstration. American Optical Corporation, 
Medical Division, Crosby Drive, Bedford, Mass. 01730. 


Ay AMERICAN OPTICAL 
CORPORATION 
@ MEDICAL DIVISION 


fine medical instruments to extend man’s life’ 
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Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 
Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 
Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 
Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite y 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
ıs an indication for its use. 
Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 
If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI =74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 
LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 
0.5 mg. (green) scored, in bottles of 100 and 1,000. 
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introduction 


This Symposium on the Myocardial Cell honors the memory of Hans 
H. Hecht, who was Professor of Medicine and Physiology at the Uni- 
versity of Chicago until his death in August 1971. The Symposium is 
written by his colleagues in the Cardiology Section of the Department 
of Medicine, a section he organized and led. It is dedicated to one of 
the three interests that dominated his professional life: the further- 
ance of basic research into the phenomena that underlie the normal 
and abnormal functioning of heart muscle. His other two principal 
interests, clinical cardiovascular research and the teaching of medical 
students, are memorialized in many significant publications and in 
the grateful recollection of a generation of medical students and young 
physicians. 

The contributors to this Symposium owe to Hans Hecht in large 
measure the opportunity to do the experimental work described in 
these pages. If the work is good, he would have been pleased, and he 
deserves part of the credit for it; if it is bad, then part of the reason 
must be that his critical voice is no longer here to guide us. During his 
lifetime that voice was always ready to support his principles: above 
all, professional and scientific excellence and, after that, a chance for 
intelligent young men and women to advance their careers without 
excessive interference from the preconceptions of their elders. In pur- 
suit of these principles Hans Hecht fought many battles with little re- 
gard for the cost to himself. With the same jaunty courage he dis- 
played in pricking the pretensions of the pompous or the uncritical, 
he would throw himself behind an idea or an individual that he be- 
lieved in. Throughout his life he preserved a delightful sense of humor. 

For all these things we remember him with affection and dedicate 
this Symposium to him. 

ERNEST PAGE, MD 
Chicago, Illinois 


ARNOLD M. KATZ, MD, FACC 
-New York, New York 


From the Cardiology Section, Department of Medicine, the University of Chicago, 
Chicago, Ill. and the Division of Cardiology, The Mount Sinai School of Medicine of 
the City University of New York. 
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Mathematical techniques can be used to extract quantitative infor- 
mation from tissue electron micrographs of heart muscle. With these 
methods it has been possible to measure the fractions of myocardial 
cell volume made up of myofibrils, mitochondria, sarcotubules, T 
system and sarcoplasm, as well as the membrane areas per unit of 
cell volume of plasma membrane, sarcotubular membrane and mito- 
chondrial cristae. The techniques have been used to quantitate the 
changes in the ultrastructure of myocardial cells in experimental left 
ventricular hypertrophy and in experimentally induced hypothyroid- 
ism before and after treatment with thyroxin. These measurements 
have demonstrated striking and physiologically significant changes in 
the ultrastructural composition of the cells. The pattern of ultrastruc- 
tural change in ventricular hypertrophy differs in characteristic ways 
from the pattern during thyroxin-stimulated cardiac cellular growth. 
These observations have suggested certain generalizations about the 
constraints to which growing myocardial cells are subject. 

New and simple microchemical methods have been developed to 
determine the cardiac contents of myofibrils and mitochondrial cris- 
tae. The methods are applicable to samples of heart muscle ob- 
tained at autopsy, surgery or biopsy, as well as to experimental ma- 
terial. Application of these techniques to the study of experimental 
left ventricular hypertrophy and thyroxin-stimulated growth of myo- 
cardial cells has confirmed and extended the results of quantitative 
measurements on electron micrographs. It is suggested that the ap- 
proaches described can form the basis of a quantitative electron 
microscopic and microchemical pathology of heart muscle. 


The application of electron microscopy to heart muscle promised to 
provide physiologists interested in the normal and abnormal func- 
tioning of heart muscle with two sorts of information. On the one 
hand, the electron microscope was expected to reveal early changes 
that are produced in cellular ultrastructures by physiologic or patho- 
logic processes. On the other hand, it was anticipated that electron 
microscopic observations might explain the mechanisms of cellular 
phenomena that depend on the intricate details of cellular fine struc- 
ture and especially on the geometric relation between the various 
types of cellular membranes. Technically satisfactory electron micro- 
graphs of nearly all types of mammalian heart muscle have been 
available for more than 10 years.1 Nevertheless, the expected infor- 
mation about ultrastructural changes and ultrastructural geometry 
has not been forthcoming. To obtain such information, it is neces- 
sary to apply quantitative methods of analysis to tissue electron mi- 
crographs of heart muscle, and such methods have not been avail- 
able until now. 

Recently, it has become possible to apply to electron micrographs 
of mammalian heart muscle mathematical techniques for measuring 
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the amounts of the various ultrastructural compo- 
nents in the myocardial cell.2-* In our paper we de- 
scribe the use of these techniques to study several 
problems of interest to cardiologists: (1) the ultra- 
structural composition of normal left ventricular 
muscle and the changes in that composition during 
experimental left ventricular hypertrophy; and (2) 
the ultrastructural composition of left ventricular 
muscle in experimental hypothyroidism and the 
changes in this composition that result from treat- 
ment with thyroxin. 


Principles 


The nature of ultrastructural changes in heart 
muscle during physiologic and pathologic proces- 
ses: Prenatal and postnatal growth or pathologic pro- 
cesses like myocardial hypertrophy produce graded 
changes in the ultrastructural composition of myo- 
cardial cells. These graded changes are quantitative; 
that is, as a result of the change, there is more or less 
of a particular component in the cell. Such changes 
are not usually of the all or none type; hence, they 
are not necessarily detectable by inspection of the 
electron micrograph. Instead, the detection of 
changes requires the application of sensitive mathe- 
matical methods to the electron micrographs. 

Why would it not be simpler to isolate the compo- 
nents of the cardiac cell from homogenates of heart 
muscle by biochemical techniques and to measure 
the content of each component thus isolated by 
chemical analysis? One reason is that such tech- 
niques are tedious, and usually require a large 
amount of tissue. An even more important consider- 
ation is, that for the ultrastructures that make up 
myocardial cells, such techniques do not usually give 
reliable estimates of how much of a given component 
was present in the intact cell. Fractionation proce- 
dures may yield a small amount of a highly purified 
component, but they usually cause significant de- 
struction or loss of that component. Conversely, frac- 
tionation procedures designed to yield most of the 
cellular component originally present in the intact 
myocardium almost invariably yield that component 
in a form contaminated to a significant degree with 
other components. 

Quantitative analysis (‘‘stereology’’) of tissue 
electron micrographs: The mathematical tech- 
niques of point counting and the determination of 
membrane areas by counting intersections with lines 
of a test grid are powerful new tools for the extrac- 
tion of quantitative information from electron micro- 
graphs of tissues.5-7 These techniques, which have 
become known under the rubric “‘stereology,’’ are 
based on the analysis of photographic prints of elec- 
tron micrographs like that shown in Figure 1. The 
choice of the mathematical treatment appropriate 
for a particular problem in cardiac ultrastructure de- 
pends on the orientation of the section and on the 
distribution within the tissue of the particular struc- 
ture being investigated. Moreover, the application of 
mathematical techniques to analysis of electron mi- 
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FIGURE 1. Electron micrograph of normal rat left ventricular 
myocardial cell in cross section, showing technique used for 
quantitative analysis. The print is overlaid with a thin sheet of 
transparent plastic inscribed with a rectangular grid. The grid is 
used for point counting and line integration as described in Ref- 
erences 2 and 3. (X5,184, reduced by 34 percent.) 


crographs of tissue makes sense only if the tissue is 
well preserved; artifacts arising from inadequate 
fixation, shrinkage or swelling due to the use of non- 
isotonic fixatives, and other preparative artifacts in- 
validate the analysis. 


Quantitative Description of Normal Ventricular 
Myocardium 


Table I presents a quantitative description of the 
ultrastructural composition of myocardial cells from 
the normal rat left ventricle; it shows that the nor- 
mal cell volume is composed of 47.6 percent myofi- 
brils, 35.8 percent mitochondria, 1 percent T system, 
3.5 percent sarcotubules and 12 percent sarcoplasm 
(cytoplasm), nuclei and other structures. Table II 
gives the surface areas per unit of cell volume of 4 
types of membranes. It is apparent that the mito- 
chondrial cristae are by far the most extensive mem- 
branous component of the cell. This finding is not 
surprising, since the cristae are the sites of oxidative 
phosphorylation and thus the predominant source of 
energy the heart muscle utilizes for contraction. The 
plasma membrane or sarcolemma is composed of 2 
regions: (1) the external cellular envelope (external 
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TABLE | 
Composition of Myocardial Cells from Rat Left Ventricles* 


Percent of 
Organelle Cell Volume Principal Functions 
Myofibrils 47.6 Contraction and relaxation 
+0.7 
Mitochondria 35.8 Respiration, oxidative 
+0.6 phosphorylation 
T system pen i Transmission of electrical 
+0.1 signal at cell surface into 
interior of cell 
Sarcotubulest 3.5 Control of contraction and 
+0.2 relaxation by regulation 
of ionized calcium 
concentration 


Terminal cisternae 0.35 Store calcium and release 
+0.02 it into the sarcoplasm 
(cytoplasm) 
Collect calcium from 
sarcoplasm and return it 
to terminal cisternae 


Rest of sarcotubu- 3.15 
lar network +0.02 


Sarcoplasm (cyto- 12.1 
plasm), nuclei and 
other structures 


* Data in Tables | and II are based on previously unpublished 
results for left ventricles from 5 normal female rats weighing 
200 to 220 g. 

+ Values for sarcotubular volume are minimal estimates 
because some of these structures will be sectioned tangentially 
and thus not measured. The true values may be up to 25 
percent greater. 


sarcolemma), which is the locus of the action poten- 
tial and hence of electrical excitation and conduc- 
tion; and (2) the transverse tubular, or T system, 
which consists of tubular infoldings of the external 
sarcolemma and serves to transmit the message that 
an action potential is passing across the cell surface 
to the interior of the cell. The data in Table II indi- 
cate that the plasma membrane lining the T system 
increases the total surface area of the cell by about 
one third. The membrane lining the sarcotubules, or 
sarcoplasmic reticulum, is also divided into 2 por- 
tions: 1 portion, the terminal cisternae or diads, is 
located in the sarcoplasm beneath the plasma mem- 
brane lining both the external and T tubular sur- 
face.8:9 The terminal cisternae function as storage 
depots for calcium; they translate the electrical sig- 
nal at the cell surface, as well as that transmitted 
down the T tubules, as a command to release calci- 
um into the sarcoplasm. The calcium released inter- 
acts with a calcium-receptor protein on the myofi- 
bril, causing the myofibrils to contract. The second 
or noncisternal component of the sarcotubules is a 
network that courses over the surface of and to some 
extent through the myofibrillar contractile material. 
This portion of the sarcotubular system functions to 
lower the cytoplasmic calcium level after the myofi- 
brils have contracted. It does so by a selective bind- 


ing of calcium to the sarcotubular membrane, and 
possibly also by transporting calcium into the lumen 
of the tubules, thereby causing the myofibrils to 
relax. In the final step, the calcium bound to or 
within the noncisternal portion of the sarcotubular 
network is translocated back to the terminal cister- 
nae for temporary storage. 


Ultrastructural Changes in Experimental Left 
Ventricular Hypertrophy 


Changes in contents of mitochondria and myofi- 
brils: It is particularly instructive to examine how 
the proportions and absolute amounts of the various 
ultrastructures that make up a myocardial cell 
change when the cell is stimulated to grow. One ex- 
perimental example of the response of myocardial ul- 
trastructures to a growth stimulus is the hypertrophy 
that results when the ascending aorta is partially 
constricted with a silver band.*:1° The consequent 
increase in the pressure against which the left ventri- 
cle has to eject blood produces a progressive increase 
in the size of myocardial cells without at the same 
time increasing the number of these cells. 

Figure 2 shows the fractions of cell volume made 
up of myofibrils and mitochondria at intervals of 1 to 
49 days after aortic constriction. The upper graph 
indicates that 10 or more days after constriction of 
the aorta the fraction of cell volume made up of 
myofibrils is uniformly increased. At the same time, 
as shown in the lower graph, the fraction of cell vol- 
ume made up of mitochondria shows a significant 
decrease. The increase in myofibrillar volume occurs 
partially at the expense of mitochondrial volume and 
partially by encroachment on the 12 percent of cell 
volume normally made up predominantly of sarco- 
plasm. This observation indicates that the cumula- 
tive volume of myofibrils, the structures whose con- 
tractions are responsible for most of the energy con- 


TABLE |I 


Membrane Areas in Myocardial Cells from 
Rat Left Ventricles 


Membrane 
Membrane Type Area Units 


Plasma membrane 


External sarcolemma 0.30+0.02 „m? membrane area 


um? cell volume 


External sarcolemma 
+ T system 


0.39+0.02 „um? membrane area 
um? cell volume 


Mitochondrial cristae ll+1 um? membrane area 





um? cell volume 


Sarcotubules* 1.22 + 0.05 um? membrane area 


um? cell volume 
2.51 + 0.08 „um? membrane area 





um? myofibrillar 
volume 


* Values for sarcotubules are minimal estimates subject to a 
25 percent correction as described in Table I. 
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sumption of the myocardial cell, is increasing; at the 
same time the cumulative volume of mitochondria, 
the structures that produce the adenosine triphos- 
phate (ATP) used as a “fuel” by the myofibrils, is 
diminishing. A progression of this disproportion may 
well be implicated in the ultimate development of 
heart failure by the hypertrophied myocardium. 
Similar observations have been made in other ani- 
mal models. 11-13 

Since the quantitative analysis of electron micro- 
graphs is a new method, we have sought independent 
techniques to correlate with this analysis. We have 
developed new microchemical methods for assaying 
the amount of myofibril and the amount of mito- 
chondrial cristal membrane per unit of dry weight of 
heart. For the microchemical measurement of myofi- 
brillar content it has proved convenient to determine 
a fraction of magnesium that is sequestered within 
the thin (actin) filaments of the myofibrils at the 
time the myofibril is assembled.!* For the micro- 
chemical measurement of the amount of mitochon- 
drial cristal membrane per unit of dry weight of 
heart, a useful assay has been the cellular copper 
content15; this assay reflects the copper in the cyto- 
chrome a and cytochrome a oxidase of the mitochon- 
drial cristae which account for more than 90 percent 


1.8 
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FIGURE 3. Effect of hypertrophy on ventric- 
ular content of sequestered myofibrillar mag- 
nesium (an assay for myofibrillar mass) and 
cell copper (an assay for mitochondrial cris- 
tae). A and C show ratios (r) of magnesium 
content and copper content of hypertrophied 
ventricles to the respective contents of ven- 
tricles from sham-operated littermates. 
Values lying above the horizontal line for r 
1.00 indicate a net accumulation of myofi- 
brillar magnesium or of copper by the myo- 
cardial cells of the hypertrophied ventricles. 
B and D show the data of A and C replotted 
to illustrate the relation of the increases in 
the contents of myofibrillar magnesium and 
copper to the increase in ventricular dry 
weight which occurs in hypertrophy. After 5 
days of aortic constriction the points for 
myofibrillar magnesium (B) lie above the line 
1.00, indicating that the myofibrillar 
contribution to the dry weight has increased 
proportionately more than ventricular dry 
weight as a whole; 2 or more days after aor- 
tic constriction the points for cellular copper 
content (D) lie below the line r’ = 1.00, in- 
dicating that the mitochondrial contribution 
to the dry weight has increased proportion- 
ately less than ventricular dry weight as a 
whole. When myofibrils and mitochondria 
were isolated from left ventricular homoge- 
nates, the sequestered magnesium content 
per gram of myofibrillar protein and the cop- 
per content per gram of mitochondrial pro- 
tein were found to be the same in hypertro- 
phied and control hearts. 4-15 
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FIGURE 2. Effect of left ventricular hypertrophy in rats on the 
fraction of myocardial cell volume made up of myofibrils and 
mitochondria, respectively. Standard errors of the mean are 
smaller than the circles used to present the data. In this figure 
and Figures 3, 4 and 6, hypertrophy was produced by constrict- 
ing the ascending aorta of rats with a silver band for periods of 
1 to 50 days. Data replotted from Page et al.* 
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FIGURE 4. Effect of ventricular hypertrophy on surface to vol- 
ume ratio of cell (A) and on the absolute area of plasma mem- 
brane in a segment of cell 1 sarcomere (2 um) in length (B). A 
shows that a compensatory growth of the plasma membrane lin- 
ing the T system keeps the surface to volume ratio of the hyper- 
trophied cell at normal values. Data in B (and Fig 6A, 7B, 10A, 
12B and 13A) were calculated from the experimentally deter- 
mined surface to volume ratios assuming that the 2 u-long seg- 
ment is approximately a right circular cylinder. B shows that the 
absolute areas of the membranes lining the external sarcolem- 
mal envelope and T system, respectively, have significantly in- 
creased in response to the hypertrophic stimulus. 


of the copper content in myocardial cells. These 2 
microchemical assays are in principle applicable to 
specimens of heart muscle obtained at postmortem 
study and at surgery; they should therefore prove 
useful for clinical investigations on pathologic mate- 
rial. 

Figure 3, A and C, shows that with progressively 
longer durations of aortic constriction both the se- 
questered myofibrillar magnesium content (and thus 
myofibrillar mass) and the cellular copper content 
(and thus the amount of mitochondrial cristal mem- 
brane) increase. The magnesium content increases 
proportionately more than the dry weight of the ven- 
tricle as a whole (Fig. 3B); conversely, as shown in 
Figure 3D, the ventricular copper content increases 
less than the ventricular dry weight. The 2 newly de- 
veloped microchemical assays therefore confirm the 
results obtained by quantitative analysis of electron 
micrographs. 

Effects on external sarcolemma and T system: 
Figure 4 summarizes the results of measurements on 
the external sarcolemma and T system in hypertro- 
phied left ventricles after 10 days of aortic constric- 
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tion. When myocardial cells hypertrophy in response 
to the increased work load, the cross-sectional diam- 
eter and area (and thus the volume) of the cells in- 
crease. The shape of a myocardial cell may be 
approximated by a right circular cylinder that has a 
curved surface made up of the external envelope of 
plasma membrane, the external sarcolemma. By 
virtue of their larger diameter and volume, the hy- 
pertrophied myocardial cells may be expected to 
have a smaller surface to volume ratio; that is, the 
ratio of external sarcolemmal membrane area per 
unit of cell volume may be expected to fall as the cell 
increases in size. Figure 4A shows that there is in 
fact a significant decrease in this ratio, which falls 
from a value of 0.36 in the control cells to 0.32 in the 
hypertrophied cells. Such a decrease in surface to 
volume ratio would present the cell with a serious 
problem. The problem arises because the plasma 
membrane that makes up the external sarcolemmal 
envelope performs certain vital functions. These 
functions include, among others, uptake of metabolic 
nutrients from the blood and interstitial spaces; out- 
ward transport into the interstitial spaces and blood 
of waste products and metabolic intermediates like 
lactic acid, which might otherwise accumulate in the 
cell; and movements of ions associated with electri- 
cal excitation. 

Figures 4B and 5 show the mechanism by which 
the myocardial cell compensates for the decrease in 
surface to volume ratio associated with an increase 
in cell diameter. The compensation is the result of 
an increase in the area of plasma membrane lining 
the T system. The plasma membrane lining the T 
system may he considered an internal sarcolemma, 
that is, an extension of the external sarcolemmal en- 
velope by an infolding of the plasma membrane into 
the interior of the cell. Figure 4 indicates that, as the 
cell expands in diameter, additional T system mem- 
brane is made to such an extent as to keep constant 
the ratio [total (external + internal) sarcolemmal 
membrane area]/[cell volume]. The cell thus be- 
comes progressively honeycombed with T system 
channels containing a fluid having the composition 
of extracellular fluid (Fig. 5); these channels run 
both transversely and parallel to the long axis of the 
cell.8-9.16 It seems possible that in extreme degrees of 
myocardial hypertrophy this compensatory mecha- 
nism might break down. This possibility merits fur- 
ther study. A failure to maintain the total surface to 
volume ratio of the cell at a value sufficient to sus- 
tain the essential functions of the plasma membrane 
might contribute to the transition from myocardial 
hypertrophy to heart failure. 

Growth of the sarcotubular system: Figure 6 il- 
lustrates the behavior of the sarcotubular system in 
the hypertrophying heart. Although not shown, the 
fraction of myocardial cell volume made up of 
sarcotubules was found to remain approximately the 
same in the hypertrophied heart, even though the 
myocardial cells had enlarged. To maintain this frac- 
tion constant, an additional sarcotubular volume 
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FIGURE 5. Effect of cell growth on relative contributions of external sarcolemma and T 
system to total area of plasma membrane (schematic and not to scale). As the cell 
enlarges, progressively more of its total surface of plasma membrane (that is, external 
sarcolemma plus T system) is made up of plasma membrane lining the T system. For 
simplicity the T system is shown as a rectangular array, although other geometric ar- 


rangements have not been ruled out. 


must therefore have been synthesized in the same 
proportion as the cell volume as a whole. A more re- 
vealing insight into the physiology of hypertrophy is 
provided by considering the area of sarcotubular 
membrane. Figure 6 shows that the total sarcotubu- 
lar membrane area per unit of cell volume increases 
significantly during hypertrophy; that is, the cell 
produces proportionately more sarcotubular mem- 
brane than it produces cell volume as a whole. An- 
other cellular component that increases dispropor- 
tionately is myofibrillar volume and mass (Fig. 2 and 
3A). The sarcotubular membrane is the crucial con- 
trol system for myofibrillar function. This membrane 
controls both contraction and relaxation by regulat- 
ing the concentration of ionized calcium to which the 
myofibrils are exposed, and thereby the amount of 
calcium they bind. It is therefore of interest to exam- 
ine the relation between sarcotubular membrane 
area and myofibrillar volume during hypertrophy 
(Fig. 6C). This examination leads to a striking con- 
clusion: As the cell grows during hypertrophy, 
sarcotubular membrane area and myofibrillar vol- 
ume increase proportionately and their ratio thus re- 
mains constant. Looked at in another way, the or- 
ganelle responsible for contraction and relaxation 
and the membrane system responsible for the control 
of that organelle are made in a constant proportion 
to each other, and both grow proportionately more 
than the cell as a whole. 


Myocardial Ultrastructure in Experimental 
Hypothyroidism and Its Response to Thyroxin 


When immature (200 g) female rats undergo thy- 
roidectomy and are treated with t3tiodine, the fol- 
lowing occur: Their growth is arrested; their body 
weight fails to increase or decreases slightly; the 
weight of the heart stabilizes at a lower than normal 
value; and the ratio of heart weight to body weight 
falls significantly below that of control rats with in- 
tact thyroid function, thus indicating not only that 
body weight has diminished but also that the weight 
of the heart has decreased proportionately more than 
body weight as a whole. If, 30 days after thyroidecto- 


my, such animals receive an injection of thyroxin at 
a dose sufficient to replace the secretion of the ab- 
sent thyroid glands, the myocardial cells respond by 
growing rapidly in volume but not in number. We 
have recently examined the way the various cardiac 
ultrastructures participate in this growth.17 
Response of mitochondria and myofibrils to thy- 
roxin: Figure 7 compares the results of quantitative 
analysis on electron micrographs of hearts from hy- 
pothyroid control rats with those from hypothyroid 
animals in the same batch given thyroxin injections 
(180 ug/kg body weight) every 4 days and sacrificed 
after 24 days. Treatment with thyroxin caused a 
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FIGURE 6. Effect of ventricular hypertrophy on sarcotubular 
membrane area. As myocardial cells enlarge during hypertro- 
phy, both the absolute area of sarcotubular surface (A) and the 
sarcotubular surface area per unit of cell volume (B) increase; 
by contrast, the area of sarcotubular membrane per unit of 
myofibrillar volume (C) remains constant. In this figure and in 
Figure 13 sarcotubular membrane areas are minimal values, 
and the true value may be as much as 25 percent greater be- 
cause some membranes, visualized in tangential section, are 
not measured. Since the values for control and hypertrophied 
hearts are subject to the same percentage error, the compari- 
son between the 2 states remains valid. 
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MYOFIBRILS MITOCHON- 


FIGURE 7. Response of myofibrils and mito- 
chondria in left ventricular myocardial cells 
from hypothyroid rats to treatment with thy- 
roxin. A, cross-sectional area of cell; B and 
C, absolute content of myofibrils and mito- 
chondria in a 1 sarcomere-long cylindrical 
cell segment; D and E, percent of cell vol- 
ume occupied by myofibrils and mitochon- 
dria, respectively. As cells grow their con- 
tents of myofibrils and mitochondria in- 
DRIA crease; the increase in myofibrils is propor- 
tional to the increase in cell volume, where- 
as the increase in mitochondria is propor- 
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nearly 1.4-fold increase in the volume of the myocar- 
dial cells (Fig. 7A). Concomitantly the total amount 
of myofibrils, as measured by the volume in a 1 sar- 
comere-long (2 um) segment of myocardial cell, in- 
creased significantly (Fig. 7B). Nevertheless, the 
fraction of cell volume made up of myofibrils re- 
mained very nearly constant (Fig. 7D). The volume 
of myofibrils had therefore grown in the same pro- 
portion as cell volume. The total amount of mito- 
chondria in a 1 sarcomere-long segment also in- 
creased (Fig. 7C). However, in the case of mitochon- 
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FIGURE 8. Response of sequestered myofibrillar magnesium 
(an index of myofibrillar content) to thyroxin treatment in left 
ventricle of hypothyroid rats. Both left ventricular dry weight (A) 
and the total amount of sequestered myofibrillar magnesium in 
the ventricle (B) increase proportionately; the magnesium con- 
tent per unit of dry weight (C) therefore remains constant. 17 


E tionately greater than that in cell volume. 17 


dria, unlike that of myofibrils, a larger fraction of 
cell volume was made up of mitochondria after 
treatment with thyroxin (Fig. 7E); the volume of mi- 
tochondria had therefore increased proportionately 
more than cell volume. In these respects the pattern 
of ultrastructural growth in response to thyroxin 
(Fig. 7) is entirely different from that in response to 
constriction of the ascending aorta (Fig. 2). 

To confirm this conclusion, we have also examined 
the content of sequestered myofibrillar magnesium 
(a microchemical assay of myofibrillar mass) and the 
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FIGURE 9. Response of cellular copper content (an index of the 
content of mitochondrial cristae) to thyroxin treatment in left 
ventricles of hypothyroid rats. Left ventricular dry weight (A) 
and copper content (B) increase, but the increase in copper 
content is proportionately greater than that in dry weight; the 
copper content per unit dry weight (C) therefore increases. '° 
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FIGURE 10. Response of membrane area of mitochondrial cris- 
tae to thyroxin in left ventricular myocardial cells from hypothy- 
roid rats. Total membrane area (A), membrane area per unit of 
mitochondrial volume (B) and membrane area per unit of myofi- 
brillar volume (C) all increase significantly. 17 


cellular copper content (which reflects the content of 
mitochondrial cristae). Figure 8B shows that the 
total content of sequestered myofibrillar magnesium 
increased, but the content per unit of dry weight re- 
mained approximately the same before and after 
treatment with thyroxin (Fig. 8C). The total cellular 
copper content also increased (Fig. 9B); however, the 
copper content per unit of dry weight increases in re- 
sponse to thyroxin treatment (Fig. 9C). These results 
suggest a disproportionate increase in the mitochon- 
drial content of the tissue and in particular a dispro- 
portionate increase in the amount of mitrochondrial 
cristae. Such increases would be consistent with bio- 
chemical studies on the rat heart previously reported 
by Gross.18 

To investigate more directly the effect of thyroxin 
on the cristae of cardiac mitochondria we compared 
the areas of cristal membrane per unit of mitochon- 
drial volume in hearts from hypothyroid and thy- 
roxin-treated rats. Figure 10 shows that treatment 
with thyroxin, in addition to increasing the absolute 
amount of mitochondria in the ventricle (Fig. 7C and 
9B) and the fraction of cell volume made up of mito- 
chondria (Fig. 7E), causes an increase in the total 
area of cristal membrane (Fig. 10A) and in the area 
of cristal membrane per unit of mitochondrial vol- 
ume (Fig. 10B). Stated differently, thyroxin pro- 
duces a modest increase in the density with which 
cristal membranes (Fig. 11) are packed. Even in the 
hypothyroid heart cristae are already rather densely 
packed, a reflection of the large and constant de- 
mand by the heart on the functions of respiration 
and oxidative phosphorylation carried out by the 
cristae. The possibilities for packing additional cris- 
tae into existing mitochondria are therefore limited 
in mitochondria from ventricular myocardium; pre- 
sumably, further increases in the total area of mito- 
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FIGURE 11. High magnification electron micrograph of cardiac 
mitochondria from animal injected with thyroxin, showing dense 
packing of cristae. 17 (X55,330, reduced by 34 percent.) 


chondrial cristal membranes available to the cell 
must be a result primarily of the production of addi- 
tional mitochondria or the enlargement of the exist- 
ing mitochondria, or both. 

From a different point of view, these observations 
on mitochondrial cristae provide interesting insights 
into the abnormalities present in the hearts of rats 
deprived of thyroid hormone. As already noted, these 
animals have a reduced heart weight per unit of 
body weight and their myocardial cells are smaller. 
In proportion to their reduced size, these myocardial 
cells have a normal concentration of myofibrils. 
However, the membrane area of mitochondrial cris- 
tae per unit of myofibrillar volume is sharply re- 
duced in the hypothyroid state (Fig. 10C). Even if 
these remaining cristae function normally, their abil- 
ity to supply ATP to the contractile elements would 
be less per unit of myofibrillar volume than in the 
normal cell. It is possible that the reduced rate of 
ATP hydrolysis observed in myofibrils isolated from 
hearts of hypothyroid animals!9 may be an adjust- 
ment to this mitochondrial defect. 

Growth of plasma membrane and sarcotubules: 
Figures 12 and 13 present the effects of thyroxin on 
the membrane areas per unit of cell volume for the 
external sarcolemma and T system and for the 
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FIGURE 12. Effect of treatment with thyroxin on the surface to 
volume ratio of the cell (A) and on the absolute area of plasma 
membrane in a 1 sarcomere-long segment of cell (B) in left 
ventricular myocardial cells from hypothyroid rats. The total sur- 
face to volume ratio is kept constant by a compensatory growth 
of plasma membrane lining the T system, as shown schemati- 
cally in Figure 5.17 


sarcotubules. The results lead to the same conclu- 
sions previously obtained for myocardial cells enlarg- 
ing in response to constriction of the ascending 
aorta. During growth of myocardial cells in response 
to thyroxin, the total surface to volume ratio (that 
is, the area of external sarcolemmal plus T tubular 
membrane per unit of cell volume) is again found to 
be constant, whereas the conventional surface to vol- 
ume ratio (that is, the area of external sarcolemma 
per unit of cell volume) decreases (Fig. 12); at the 
same time the area of sarcotubular membrane per 
unit myofibrillar volume remains constant. This re- 
sult indicates that new sarcotubular membrane and 
new myofibrillar volume are made in a constant pro- 
portion to each other (Fig. 13). 
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FIGURE 13. Effect of treatment with thyroxin on sarcotubular 
membrane area in left ventricular myocardial cells from hypo- 
thyroid rats. The total sarcotubular membrane area in a seg- 
ment of cell 1 sarcomere long increases (A), but membrane 
area per unit of cell volume (B) and membrane area per unit of 
myofibrillar volume (C) both remain constant. 17 


The observations that, as the cell grows, the total 
surface to volume ratio and the ratio of sarcotubular 
membrane area per unit of myofibrillar volume re- 
main constant thus appear to be valid for 2 very dif- 
ferent growth processes. It is tempting to speculate 
that the phenomena underlying the constancy of 
these ratios under different conditions may represent 
fundamental laws by which myocardial cells add new 
units of ultrastructure. For example, it is conceivable 
that a fixed volume of new myofibrils and the 
sarcotubular membranes that control myofibrillar 
function for that volume are coded for as a unit by 
the genetic material in the nucleus of the myocardial 
cell; according to this view, the cell would increase 
its volume by the systematic addition of such units. 
At the same time, the total sarcolemmal surface, 
which supplies nutrients to the cell and also provides 
the membrane mechanisms for excitation and excita- 
tion-contraction coupling, is constrained to grow in 
such a way as not to impair these essential functions. 
It is further conceivable that the accumulation of 
new plasma membrane lining the T system is coded 
for by the nuclear deoxyribonucleic acid (DNA) so as 
to regulate cell growth in accordance with these con- 
straints. 
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Current concepts of the mechanisms responsible for the cardiac ac- 
tion potential are reviewed, as are the relations between the electri- 
cal activity and cardiac contraction. The development of techniques 
allowing direct control of the membrane voltage of cardiac cells has 
led to a rapid increase in our understanding of the cellular basis of 
cardiac electrophysiology. There appear to be 8 separately identifi- 
able ionic channels that interact to produce the distinctive cardiac ac- 
tion potential. These “voltage clamp” methods also provide a new 
approach to the study of excitation-contraction coupling in heart 
muscle. The application of these methods has led to several new 
ideas about the relation between membrane voltage and contraction. 
In addition to triggering contraction, the cardiac action potential 
plays an important role in the control of contraction, and the nature 
of this electrical control is examined. 


In the half-century since its development, the electrocardiogram has 
become a cornerstone of cardiac diagnosis. Yet the purpose of heart 
muscle is to develop tension and shorten, not to generate electrical 
signals. This review considers how cardiac electricity originates, in 
terms of movements of ions. Although knowledge in the field is rath- 
er recent and growing rapidly, we are able to identify several ways in 
which membrane electrical events influence and control the strength 
of contraction. Most of these ways appear to involve a relation between 
membrane voltage and tension, but the possible role of calcium ion 
movements through the cell membrane is also discussed. 


Cardiac Action Potential 


Our understanding of the cellular basis of cardiac electrical activi- 
ty began in 1950, when transmembrane potentials were recorded by 
Woodbury et al. and Draper and Weidmann.? Hodgkin and Huxley 
were at that time completing a detailed study of the basis of the 
nerve action potential. They found that membrane events could be 
explained by alterations in the permeability of nerve membrane to 
various ions, which then moved as required by their electrical and 
chemical gradients. Depolarization was the consequence of the entry 
of sodium ions into the cell, and repolarization resulted from the exit 
of potassium ions. Brady and Woodbury first applied these concepts 
to the cardiac action potential. Subsequently, much work has been 
done to understand the various ionic membrane currents in heart 
muscle. Progress up to 1962 was synthesized into a mathematical 
model by Noble,® who suggested the experimental direction of much 
of the subsequent work during the remainder of that decade. 

Action currents and cell membrane permeabilities: A few com- 
ments on the nature of biologic electricity may be of value before we 
discuss the experimental results. Currents are carried primarily by 
ions such as sodium or chloride, which move in response to chemical 
gradients and (because ions are positively or negatively charged) in 
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TABLE | 


Contribution of Various lonic Channels to Phases of the Cardiac Action Potential 


lon Direction Channel Upstroke 
Sodium Inward ina(fast) On 
ina(slow) 
Chloride Inward ic 
Calcium Inward ica 
Potassium 


Outward İK Off 


Phases 
Rapid Final Diastolic 
Repolarization Notch Plateau Repolarization Depolarization 
Off sag a 
vF On Off 
On Off eee Fa 
On Fake Off 
On ses 
sani On Off 
* x K we 
On Off 





* Too slow to participate. 


response to electrical fields. The cell membrane pre- 
sents a barrier to the free movement of ions, and al- 
lows ionic pumps in the membrane to establish con- 
centration differences between the interior of the cell 
and the outside solution. Cardiac cells have an intra- 
cellular concentration of potassium much higher 
than that of the extracellular fluid, whereas the re- 
verse is true of sodium concentrations. The chemical 
gradients established by the ionic pumps would 
therefore tend to drive sodium into the cell and po- 
tassium out of the cell, but the degree to which sodi- 
um or potassium (or other ions such as chloride) ac- 
tually move also depends on the electrical potential 
difference across the membrane and on the perme- 
ability of the membrane to the ion in question. 

The resting cardiac cell membrane is more perme- 
able to potassium than to other ions, and there is a 
tendency for potassium to move out of the cell, until 
a balance is reached between the electrical and 
chemical forces acting on the ion. Such an equilibri- 
um would be reached at a voltage of about —90 mv 
(inside negative with respect to the outside), and in 
fact the resting potential of cardiac cells is close to 
this level. On the other hand, sodium ions would 
tend to move into the cell to equalize the sodium 
concentration on both sides of the membrane, and 
because they are attracted by the negative potential 
in the cell. However, sodium does not move easily, 
because the cell membrane is only slightly permeable 
to sodium in the resting state. According to Ohm’s 
law, ionic movement (current) through a membrane 
is equal to the product of the driving force on the ion 
(both chemical and electrical) and the membrane 
conductance (permeability). If there is a large driv- 
ing force, but the membrane is not permeable to an 
ion, it will not move. If the membrane is permeable 
to an ion, but the electrochemical gradient acting on 
that ion is zero, ions will move equally in both direc- 
tions and no net current will flow. Ions are thought 
to pass through the membrane through pores or 
channels. These paths are controlled by gates, which 
open or shut in response to the voltage across the 
membrane, thereby regulating ionic movement 


through the pores or channels. Positive ions moving 
into the cell tend to depolarize it, and negative ions 
moving into the cell have the opposite effect. 

The cardiac action potential appears to result from 
a sequence of changes in membrane ionic perme- 
abilities, with different ions carrying charges into and 
out of the cell (Table I). The action potential lasts 
100 to 500 msec, depending on the type of heart 
muscle, and is composed of several phases (Fig. 1). 
The upstroke (rapid depolarization) phase lasts only 
a few milliseconds. After potentials of 20 to 30 mv 
(inside positive) are reached, a rapid repolarization 
occurs in the Purkinje fiber (the ventricular conduct- 
ing system) to a plateau potential of about —20 mv. 
A notch often occurs on transition to the plateau. 
This plateau comprises the remaining part of the ac- 
tion potential until the fiber begins final repolariza- 









<~ Rapid Repolarization 


yg Notch 
ye Plateau 


Upstroke > ~ Final Repolarization 


Diastolic 
Depolarization 


f 


FIGURE 1. Diagrammatic representation of a cardiac action po- 
tential, emphasizing characteristics of the Purkinje fiber (false 
tendon) action potential. Each distinctive phase is labeled with 
the term used in the text, where the ionic events related to it 
are discussed. The arrows below the diagram refer to the ap- 
proximate time when the indicated ion is influencing membrane 
potential. They point in the direction of the effect on the mem- 
brane potential, upward for depolarization and downward for re- 
polarization. 
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FIGURE 2. Contraction related to an action potential and to a 
voltage step. A, cardiac Purkinje fiber action potential (lower 
tracing) and contraction (upper tracing, recorded downward). 
The fiber resting potential was —70 mv. The upper horizontal 
line on the right is 0 mv, and the lower one is —80 mv. The ver- 
tical bar on the left is 5 mg of weight. B, same fiber as in A, 
with the same calibrations. Instead of an action potential, a 
voltage step was imposed from a holding potential of —70 mv to 
—4 mv for 500 msec. Note that the contraction is almost identi- 
cal to that provoked by an action potential. C, different fiber, 
with a voltage step 3 seconds in duration (time calibration is the 
same as in A). The lowest tracing is tension, recorded upwards. 
The middle tracing at the left edge is voltage, with a holding po- 
tential of —84 mv. The step of voltage is to +16 mv, and this is 
the upper tracing during the middle part of the panel. The upper 
tracing on the left is current (becoming the middle tracing dur- 
ing the voltage step) and outward current is recorded upward. 
The vertical bar represents 100 mv, 2.5 microamperes, and 20 
mg of weight. The upstroke of the action potential and of both 
voltage steps is indicated by dashed lines. After the twitch had 
relaxed, a slow increase in tension occurred, and lasted until 
the membrane voltage was returned to —84 mv. 


tion to its previous resting value. In ventricular mus- 
cle the initial rapid repolarization is not prominent, 
so that the plateau is higher. In pacemaker tissue, as 
in the Purkinje fibers, a gradual depolarization oc- 
curs after the action potential is completely over 
(diastole), which continues until threshold voltage 
for another action potential is reached. 

Voltage clamp technique of studying action po- 
tential: Progress in separating ionic currents under- 
lying the cardiac action potential was quite slow and 
uncertain until a method of voltage clamping was 
developed.®:7 A voltage clamp is needed because the 
conductance of the membrane to ions (gi) depends 
on the voltage across the membrane and time: 


gi = f(v,t). 


If one can make the membrane voltage assume any 
chosen value, one can record the current required to 


achieve this value at different times after a step to a 
new voltage. This current is now directly proportion- 
al to the membrane conductance. Separation of the 
current into its individual ionic components may be 
achieved by alteration in the concentration of the 
ions, examination of the voltage at which currents 
change direction, or use of blocking agents that in- 
terfere with movement of a particular ion. 

The voltage clamp technique that has been widely 
used employs a micropipette placed in a short Pur- 
kinje fiber to sense voltage and to control the output 
of an amplifier. The amplifier drives current through 
a second intracellular micropipette to adjust the 
membrane potential difference to its desired value. 
This technique and a similar system using a sucrose 
gap (described later) are major tools in investigating 
the action potential, as well as the relation of voltage 
to contraction. 

Using a modified voltage clamp, Weidmann® dem- 
onstrated that the upstroke of the action potential 
was due to a voltage-dependent entry of sodium ions 
(ina). Throughout this discussion, the symbol i indi- 
cates a membrane current, and the subscript identi- 
fies the ion or ionic channel for the current. Details 
of the way in which the sodium channel opens and 
closes during the upstroke have been difficult to ob- 
tain, because for technical reasons the voltage clamp 
is not effective in the first few milliseconds. 9:19 Mak- 
ing the best quantitative assumptions he could about 
the size of sodium currents, Noble® was unable to ac- 
count for the rapidity of the upstroke. The problem 
was that the cardiac fiber has a large amount of 
charge stored on its membrane (capacitance) and, to 
depolarize the membrane, this charge must be dis- 
placed by the positive ions entering the fiber. This 
problem was partially resolved by the discovery that 
not all of the membrane must be depolarized during 
conduction of the upstroke of the action potential. 
Some of the membrane faces narrow compartments 
of extracellular space and consequently can be depo- 
larized only slowly. Although the level of most of the 
fast inward sodium current falls as quickly as it 
rises, there is evidence that the level of a component 
may decline slowly enough to contribute to the pla- 
teau.4:12.13 This sustained inward current would 
hold the fiber at a depolarized voltage. Its gradual 
fall in voltage may be a more important mechanism 
for terminating the action potential of ventricular 
muscle than for terminating that of Purkinje fibers, 
since the ventricular action potential is normally 
shorter. 

The rapid repolarization of the spike (upstroke) of 
the Purkinje fiber, as seen in Figure 2A and illustrated 
diagrammatically in Figure 1, is the result of 
a rise in inward chloride current (ic)),14 as well 
as the inactivation of the sodium current. Note 
that the inward current of chloride tends to repolar- 
ize the fiber, since chloride is a negative ion. In ven- 
tricular muscle, this inward chloride current is less 
apparent, and the plateau begins at a higher (inside 
positive) level. 
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A notch is often seen in Purkinje fibers between 
the rapid repolarization phase and the plateau (see 
Fig. 1 and 2A). It may be due to inactivation (turn- 
ing off) of the chloride current, but a rise in the level 
of inward current is also a factor. This delayed in- 
ward current appears to flow through a different 
channel from that of the sodium ions that produced 
the upstroke. The inward current flows in the direc- 
tion that a calcium current would take, is altered by 
changes in calcium concentration outside the fiber, 
and is blocked by agents different from those that 
block the early current. The evidence is therefore 
fairly good that this current is carried by calcium 
(ica), and that the process depends on time and volt- 
age.1°17 A similar current has been identified in 
voltage clamp studies on the squid axon,!8 in which 
voltage control is better. The calcium current may 
contribute to maintenance of the long plateau; and 
its inactivation—if it is turned off at all—would as- 
sist in terminating the plateau. 

Potassium currents are quite complex, with as 
many as 4 separate channels. One channel permits 
potassium to move with greater ease into the cell 
than out of it (ix,) and is not very time-dependent. 
This rectifying property is very important to the 
maintenance of the plateau, since outward movement 
of potassium would accelerate repolarization. Vas- 
sallet? showed that a decrease in potassium current 
was responsible for the pacemaker potential, and 
Noble and Tsien2° have identified this process with 
a separate potassium channel (ix,). Two additional 
potassium channels, labeled Xi and Xz have been 
found by Noble and Tsien??; they are not identified 
as pure potassium channels because other ions ap- 
pear to pass through them also. The channel X: 
leads to a delayed increase in ix that may be an im- 
portant outward current in repolarization; Xə is too 
slow to be involved in the normal action potential. 

In summary, there appear to be 8 separate identi- 
fiable ionic channels in heart muscle, acting in a 
complex way to produce the distinctive shape of the 
cardiac action potential. This behavior of the mem- 
branes, while not very neat, certainly allows for the 
observed sensitivity of the cardiac action potential to 
heart rate and to changes in ionic environment. 
Because the experimental tools are still rather 
crude in this area of investigation, description of 
these ionic channels will require modification with 
further study. The multiplicity of currents also poses 
a challenge to understanding of the relation between 
membrane voltage and tension, since there are many 
ways in which the voltage could alter the interior of 
the cells. 


Excitation-Contraction Coupling 


We pose 3 questions about the coupling of electri- 
cal and mechanical activity in heart muscle, as the ba- 
sis of our discussion: (1) Granted that the action po- 
tential triggers the contraction of cardiac muscle, 
does the membrane electrical activity also control or 
modify cardiac contraction? (2) If the electrical ac- 


tivity does control or modify contraction, what fea- 
tures of the electrical activity are important? and (3) 
As information about the contractile behavior of car- 
diac muscle accumulates, are the data interpretable 
in terms of reasonable mechanisms? The answer to 
the first question is an unequivocal affirmative; the 
answers to the second and third questions are more 
complicated and represent an area under intensive 
investigation. 

In 1964, Brady?? summarized some of the correla- 
tions between the electrical and mechanical activity 
of heart muscle that were suggested at that time. 
His list included correlations between the fol- 
lowing variables: voltage of the action potential 
spike and peak tension, plateau voltage of the action 
potential and peak tension, rate of depolarization 
and rate of tension development, area beneath the 
action potential-time curve and work of contraction, 
membrane potential and steady (contracture) ten- 
sion in solutions containing elevated potassium con- 
centrations, and action potential duration and time 
to peak tension (see Brady?? for references). Our first 
reason for citing this list is to indicate the large 
number of suggested correlations. In addition, al- 
though the possibilities listed seem to be mutually 
exclusive, it is at least possible that each of the ob- 
servations has a limited validity, being true for car- 
diac muscle of a particular species under a specific 
set of experimental conditions. It is therefore essen- 
tial to establish ground rules for our discussion. 

Experiments on amphibian heart muscle consti- 
tute a large part of the literature on excitation-con- 
traction coupling. As similar data have been gath- 
ered on mammalian tissue, it has become clear that 
mammalian and amphibian myocardium differ in 
many ways. Consequently, there is no reason to in- 
sist that results from frog hearts should be quantita- 
tively, or in some cases even qualitatively, the same 
as results of similar experiments on mammalian 
heart muscle. We will focus on results from mamma- 
lian hearts, citing results from amphibian tissue only 
when they have been important to the development 
of an idea or when they are important to a compara- 
tive approach to cardiac physiology. To restrict the 
discussion, we will consider only the results of meth- 
ods aimed at direct control of the membrane voltage. 
Finally, we will try to point out how inherent com- 
plexity of the contractile behavior of cardiac muscle 
affects the interpretation of data. 


Techniques Used to Control Voltage 


Most of the relations between voltage and tension 
listed by Brady?? were observed in experiments de- 
signed to see if there was a correlation between ac- 
tion potential changes and tension development as 
electrical and contractile activity were altered by 
substitution of ions, addition of drugs, changes in 
temperature and so on. Such experiments are usually 
difficult to interpret unequivocally. In particular, it 
is difficult to be sure that parallel changes in action 
potential configuration and tension development 
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necessarily indicate a cause and effect relation. Con- 
ceptually, the simplest solution would be to use a 
method that makes the membrane voltage an inde- 
pendent variable controlled by the experimenter. In 
this way, one could be freed of the “tyranny” of the 
action potential, and the relation between voltage 
and tension could be studied directly. To implement 
a direct study is more easily said than done, but 
some useful approaches have been developed. 

Niedergerke?? demonstrated that graded depolar- 
ization of strips of frog ventricle could be achieved 
by applying Ringer’s solution containing various 
concentrations of potassium. However, there are sev- 
eral problems inherent in the “potassium contrac- 
ture” technique, whether it is used to study amphib- 
ian or mammalian myocardium. Voltage changes are 
slow relative to those that normally initiate contrac- 
tile activity, and tension development is corre- 
spondingly slow. In addition, since drastic changes in 
the ionic composition of the bathing solution are 
necessary to bring about responses, careful control 
experiments are especially important. For a long 
time, potassium depolarization was the only avail- 
able way of controlling membrane voltage, and there 
is consequently a large body of information about 
contractures in amphibian heart. Potassium contrac- 
ture data on mammalian heart muscle should be 
very useful in comparing mammalian and amphibian 
hearts and in illustrating at least the qualitative as- 
pects of the relation between voltage and tension. 
Experiments performed on mammalian hearts will 
be described later. 

Direct electrical control of the membrane voltage 
with simultaneous recording of tension and mem- 
brane currents is also possible, as discussed earlier, 
and such “voltage clamp” methods are potentially 
extremely useful in studying excitation-contraction 
coupling. One approach is the “sucrose gap” meth- 
od,?4 in which a current is passed through a sucrose- 
bathed segment of a thin trabecular muscle. This 
current modifies the membrane potential of a short 
stump of tissue that projects from the sucrose gap 
and is bathed in physiologic saline solution. Mem- 
brane voltage in the stump is recorded with an intra- 
cellular micropipette. Feedback circuity controls the 
application of current to make the membrane volt- 
age follow the desired time course. Most voltage 
clamp studies of contractile behavior have used this 
method. The other technique of voltage-clamping 
cardiac muscle cells uses an intracellular microelec- 
trode to pass current into the center of a short seg- 
ment of a sheep Purkinje fiber (false tendon),®:* as 
described earlier. This technique, which has been 
used in many studies of the electrophysiology of car- 
diac Purkinje fibers, can also be used to study exci- 
tation-contraction coupling in that tissue if a very 
sensitive transducer is used to measure the small 
tensions generated by these preparations.?° Although 
each technique has limitations, both methods for 
voltage clamping of cardiac muscle offer a flexibility 
and accuracy of voltage control not obtainable in any 
other way. 


General Characteristics of the 
Contractile Response 


Figure 2A is an example of an action potential and 
a contraction in mammalian cardiac muscle, in this 
case a sheep Purkinje fiber. In simple terms, the 
problem is to define how tension depends on voltage 
and to determine which mechanisms could be re- 
sponsible for the relations observed. A common fea- 
ture of all mechanisms presently under consideration 
is that each attempts to describe how the intracellu- 
lar concentration of ionized calcium in cardiac mus- 
cle is regulated, since it is reasonably certain that an 
increase in the calcium concentration in the region 
where the myofilaments overlap is one of the final 
stages linking depolarization and contraction.2® 

Voltage clamp techniques allow experimental ma- 
nipulation of the membrane voltage over a wide 
range. If contraction is a voltage-dependent phenom- 
enon, it is simplest to examine this dependence by 
changing the voltage from the resting potential to 
some depolarized level (the clamp voltage) in a step- 
wise fashion. When this is done, as in Figure 2B, one 
obtains a twitch similar in most respects to that re- 
sulting from an action potential (Fig. 2A). If the de- 
polarization is maintained, one may also see a sec- 
ond, much slower response (Fig. 2C). The twitch 
fails to relax completely, and some tension is main- 
tained as long as the muscle is kept depolarized. 
This slower response may remain steady after incom- 
plete relaxation of the twitch or, as in the example 
shown, it may rise slowly to a new stable level. We 
shall refer to these 2 components of the tension re- 
sponse to a voltage clamp as the “twitch response” 
and the “‘slow response.” 

A dual response to maintained depolarization is 
common to ventricular muscle of all mammalian 
species examined to date. The example of Figure 2C 
is from one of our own experiments on the sheep 
Purkinje fiber, but this behavior has also been ob- 
served in ventricular muscle of the sheep, calf, dog 
and guinea pig.?™-34 Attempts to explain the con- 
tractile response of ventricular muscle have usually 
focused on the question of how movements of calci- 
um might explain the behavior seen. 

Contractile response and calcium movements: 
There are 2 likely sources of the calcium that leads 
to cardiac contraction: depolarization-induced re- 
lease from intracellular calcium ‘‘stores,’”’ and the 
entry of calcium into the cell from the extracellular 
medium. Entry into the cell from the extracellular 
solution is presumed to occur by way of the calcium 
inward current (ica) described in the discussion of 
the ionic currents responsible for the action poten- 
tial, but the kinetics of ica are poorly understood. 
Even less is known about the mechanism by which 
calcium may be released from intracellular stores. 
(From indirect experiments it appears that this in- 
ternal store may be the terminal cisternae of the sar- 
coplasmic reticulum.) 

Several lines of evidence lead to the tentative con- 
clusion that the twitch is primarily due to the release 
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ent species has often been disappointing, it is en- 
couraging to note that the voltage dependence of re- 
covery just described is quite similar to the result 
obtained by Hodgkin and Horowicz,*° who used the 
potassium contracture technique to examine recovery 
in frog skeletal muscle fibers. In addition, behavior 
similar to the “inactivation” of contraction by sub- 
threshold depolarization described by Gibbons and 
Fozzard3? has been observed in frog skeletal muscle 
fibers. 41 


Slow Response 


The behavior of the slow tension response has not 
yet been defined in detail. Beeler and Reuter?? found 
this response absent in dog ventricular muscle under 
their experimental conditions unless depolarization 
was maintained for more than 1 second, and appar- 
ently the initial twitch always relaxed completely 
before the slow response began. This behavior is 
somewhat different from that observed by oth- 
ers,27-29,31,33 who have generally obtained at least 
partial fusion of the twitch and slow responses (see 
Fig. 1C). Possible species differences in the rate of 
onset of the slow response are suggested by the ex- 
periments of Ochi and Trautwein,** in which it was 
difficult to make a clear distinction between the 2 
responses. It might seem that the slow response is 
not likely to be a “physiologic” response; however, it 
is found at voltages that normally occur during pro- 
duction of an action potential, and in some tissues 
the onset is fairly rapid. It is therefore possible that 
the normal contraction in response to an action po- 
tential is made up of both twitch and slow compo- 
nents, and that the tension curve has a smooth con- 
tour only because repolarization of the action poten- 
tial turns off the slow phase gradually at approxi- 
mately the same time that the twitch response is 
ending. Except for indirect evidence from the volt- 
age-clamp data, the only indication that this may 
occur is a comment by Ochi and Trautwein* that in 
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FIGURE 5. Steady-state recovery as a func- 
tion of voltage during the repolarized interval 
between 2 clamps. The experimental proce- 
dure is illustrated in the inset. After a 90 
second rest at the resting potential (—72 
mv), the preparation was clamped to —6 mv 
for 500 msec. It was then clamped to vari- 
ous voltages (Vr) for 18 seconds, which 
was long enough to allow recovery to reach 
a steady state at all voltages tested. At the 
end of the repolarized interval, the extent of 
contractile recovery was tested by a second 
clamp identical to the first. Ordinate shows 
tension response to the second or test clamp 0.2 
(Pt) relative to the response to the initial 
clamp (Po). Abscissa shows voltage during 
the repolarized interval between clamps 
(Vr1). (Reprinted from Gibbons and Foz- 
zard** by permission of The American Heart 
Association, Inc.) 
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FIGURE 4. Dependence of the voltage-tension relation on the 
membrane potential. The left curve (filled circles) was obtained 
in the same way as the voltage-tension curve in Figure 3. This 
was a different preparation, and the resting membrane potential 
was held at —78 mv (left arrow). After point 9 was obtained, a 
direct-current voltage was fed into the voltage clamp amplifier 
to shift the membrane voltage to —61 mv (right arrow). At this 
membrane potential, the right curve was obtained (open cir- 
cles.) The numbers next to the points indicate the order in 
which the experimental observations were made. (Reprinted 
from Gibbons and Fozzard?% by permission of The American 
Heart Association, Inc.) 
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some preparations an action potential elicited a 
small slow component in addition to the twitch. We 
have on occasion observed similar behavior in sheep 
ventricular trabeculae (unpublished observations). 


Time Course of Activation 


Several laboratories have attempted to learn more 
about the time course of activation of contraction by 
examining responses to clamps of different dura- 
tions.2°-28.32-34 A decrease in the duration of a single 
depolarizing clamp usually decreases the amplitude 
of the contraction associated with that depolariza- 
tion, although there is no general agreement as to 
whether there is a concomitant decrease in the time 
to peak tension. If a train of short clamps is given, 
the effect of shortening the clamp is usually cumula- 
tive, resulting in a smaller steady-state contraction 
than is obtained with trains of longer clamps to the 
same voltage. However, Ochi and Trautwein#4 
showed that under some circumstances they could 
get an increased contraction upon shortening the du- 
ration of clamps in a train. Their experiments, and 
those of McGuigan?9 and Beeler and Reuter,*? pro- 
vide a hint as to the probable source of the differ- 
ence. As mentioned earlier, the latter 2 reports dem- 
onstrated that one can occasionally get a contraction 
on terminating a clamp to positive intracellular volt- 
ages. 

The interpretation of this response is that repolari- 
zation causes a sudden increase in the driving force 
tending to move calcium into the cell. If this increase 
occurs at a time when the permeability to calcium is 
great, an increased inflow of calcium can occur 
transiently, before calcium permeability decreases. 
As pointed out by Beeler and Reuter,!° computa- 
tions of the kinetics of ica are apt to be complicated 
because the intracellular concentration of ionized 
calcium appears to change drastically during con- 
traction, so it is perhaps too early to predict the be- 
havior and results of ica other than qualitatively. 
However, if these qualitative inferences are correct, 
the behavior of ica upon repolarization may explain 
the variability of data on the effects of clamp dura- 
tion. 


Potassium Contractures 


One might well ask what reason there is for 
studying potassium contractures, if the voltage 
clamp allows more flexible control of membrane 
voltage. A good reason is that such experiments offer 
an independent check of results obtained by voltage 
clamp. Potassium contracture experiments are con- 
siderably easier to perform than voltage clamp ex- 
periments, and one can therefore survey a broader 
range of muscle behavior quickly. If the 2 methods 
give similar results on the same tissues, the potassi- 
um contracture survey can give a basic description of 
the behavior, which can then be extended with the 
voltage clamp. Finally, there are tissues (for exam- 
ple, mammalian atrial muscle) that have not yet 
been examined by voltage clamp methods. 


Initial results of voltage clamp studies of the be- 
havior of the mammalian ventricle were quite differ- 
ent from the potassium contracture data on the frog 
ventricle.23:42:43 There was no way of knowing 
whether this was because mammals are not frogs, or 
because there were unrecognized problems with one 
or both methods. One could not even be sure that it 
was possible to obtain potassium contractures from 
mammalian heart muscle. Since then, reproducible 
potassium contractures of atrial muscle have been 
described, but the problem of whether one can ob- 
tain reliable contractures from ventricular muscle is 
still unresolved. 

Atrial muscle: Scholz**:4° and Gibbons and Foz- 
zard*® have reported the results of potassium con- 
tracture studies of atrial muscle. Large and repro- 
ducible contractures of atrial muscle were obtained. 
When care was taken to ensure a rapid change from 
the control solution to the high potassium contrac- 
ture solution, the contractures reached maximal ten- 
sion in only a few seconds.*® Generally, atrial con- 
tractures resembled potassium contractures of frog 
ventricles. Scholz** demonstrated that contracture 
tension in guinea pig atria depended on the ratio of 
[Ca]/[Na]?, in a manner similar to contracture ten- 
sion in frog hearts. Gibbons and Fozzard4® demon- 
strated that 2 phases of the contracture response 
could be identified on the basis of differences in 
physiologic behavior: a rapid and transient phase 
that predominated during the first few seconds of the 
contracture, and a slower phase that was responsible 
for the steady level of tension reached later in the 
contracture. The transient phase was much slower 
than a normal twitch, but in many ways the behav- 
ior of the transient phase paralleled the behavior of 
twitches. In particular, the transient phase was 
prominent if a muscle was stimulated rapidly before 
a contracture, and reduced or absent if the muscle 
was not stimulated for several minutes before a con- 
tracture. Gibbons and Fozzard concluded that the 
transient phase of their contractures reflected the re- 
lease of calcium from an internal store—possibly the 
same store that is involved in a normal contraction. 
These experiments suggest that in atrial muscle, as 
in the voltage clamp experiments on ventricular 
muscle, the voltage-tension relation depends on the 
design of the experiment. 

The slow phase of the contracture response was 
dependent on the composition of the contracture so- 
lution. At a given potassium concentration, the mag- 
nitude of the slow phase is increased if the sodium 
concentration in the contracture solution is reduced 
and decreased if the calcium concentration is re- 
duced.*4-46 A slowly rising contracture tension is 
seen when the sodium concentration is lowered, even 
if the potassium concentration (and therefore the 
membrane potential) is not altered. Gibbons and 
Fozzard suggested that the slow phase of the con- 
tracture was due to calcium entering the muscle dur- 
ing the contracture. 
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Ventricular muscle: Under the experimental con- 
ditions used by Gibbons and Fozzard‘#® the behavior 
of ventricular preparations was less stable than that 
of atrial muscle. There was usually a twitch when 
the depolarizing solution first reached the muscle, 
followed by a slow contracture. The behavior of the 
slow contracture was unpredictable; often it was 
quite small or even absent. Scholz*® also described 
substantial differences between atrial and ventricu- 
lar contractures, including a failure of ventricular 
contractures to respond to changes in sodium and 
calcium in the same way as atrial contractures. 
Morad*? illustrates a ventricular contracture similar 
to those obtained later by Gibbons and Fozzard, and 
ascribes the variability to effects of catecholamines 
liberated by the potassium depolarization. 

Two points may be made concerning these at- 
tempts to obtain reliable contractures from ventricu- 
lar muscle. First, the failure to obtain large steady 
tensions in many experiments does not necessarily 
conflict with voltage clamp data, since if the voltage 
clamp data are accurate, such tensions would not be 
expected unless the muscles are depolarized to a volt- 
age more positive than —30 mv (the approximate 
threshold for the slow response during the voltage 
clamp). This statement does, however, require the 
assumption that the slow tension response to the 
clamp and the slow contracture response are compa- 
rable. The second conclusion that one may draw is 
that there appear to be substantial differences be- 
tween the excitation-contraction coupling behavior 
of atrial and ventricular muscle from the same 
species. These differences may be more striking than 


differences in the behavior of ventricular muscles ob- 
tained from different mammalian species. 


Conclusions 


1. The cardiac action potential is generated by 
movement of ions through the cell membrane. The 
ion movements are controlled by the membrane po- 
tential in ways similar to those found in nerve. 

2. Eight apparently separate channels or pores can 
be identified, regulating ionic movement of sodium, 
potassium, chloride and calcium. The interrelations 
of these currents are sufficient to describe the com- 
plex behavior of the cardiac action potential. 

3. Isometric contraction is a complicated function 
of membrane voltage and time. Whereas a single ac- 
tion potential triggers release of internally stored cal- 
cium to produce its companion contraction, the 
shape of the action potential strongly influences the 
amount of calcium available for release by the next 
action potential. 

4. This influence of prior membrane voltage may 
depend on actual calcium ionic movement across the 
cell membrane, replenishing or increasing the avail- 
able pool of releasable intracellular calcium. 

5. Potassium contractures appear to represent a 
mixture of release of intracellular calcium and entry 
from outside the cell. Effects of release of intracellu- 
lar calcium can be seen only if depolarization is 
rapid. 

6. Continued development of voltage clamp tech- 
niques for direct membrane potential control is likely 
to expand greatly our understanding of excitation- 
contraction coupling. 
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Cardiac microsomes, which represent an enriched but not pure prep- 
aration of the heart’s sarcoplasmic reticulum, can remove calcium 
from solution by 2 kinetically dissimilar mechanisms. In the presence 
of adenosine triphosphate (ATP), Cat + is taken up by cardiac micro- 
somes by a process designated Ca-binding, which exhibits saturation 
kinetics. The rate and extent of Ca-binding, and the high affinity of.the 
Ca-binding sites could allow this process to cause the intact cell to 
relax. When anions that permit Cat* to be precipitated within the 
microsomal vesicles are included along with ATP, much larger 
amounts of Cat* are taken up by cardiac microsomes. This second 
process, designated Ca-uptake, does not follow saturation kinetics. 
Instead, the rate of Ca-uptake increases linearly with increasing 
Ca** concentration until Ca-uptake becomes inhibited at higher 
Ca** concentrations. 

The finding of 2 kinetically distinct Ca++ transport processes in 
cardiac microsomes, both of which are highly active in the micromolar 
range of Ca++ concentration, suggests that Cat * movements in the 
intact myocardial cell may be controlled by 2 mechanisms. It is sug- 
gested that one of these, possibly manifest in vitro as Ca-binding, rep- 
resents an intracellular release site that initiates systole by delivering 
Cat to the contractile proteins. The second process, possibly mani- 
fest in vitro as Ca-uptake, is suggested to represent the uptake of 
Cat+ into an intracellular storage site whose Ca** content in- 
directly determines the amount of Cat+ that is delivered to the 
contractile proteins. These 2 intracellular Ca*~* pools can be tenta- 
tively related to Cat * movements into and out of the myocardial 
cell, permitting the formulation of a model by which a number of 
inotropic interventions might modulate myocardial contractility. 

Cardiac glycosides had no detectible effect on either cardiac micro- 
somal Ca-binding or Ca-uptake. Cyclic adenosine monophosphate 
(cAMP), which by itself was without effects on cardiac microsomes, 
more than doubled the rate of Ca-uptake in the presence of a cyclic 
AMP-dependent protein kinase. The resulting increase in rate of 
Ca-uptake could explain the actions of epinephrine to enhance con- 
tractility at the same time that systole is abbreviated. 


Calcium ion plays a major role in the processes of cardiac excitation- 
contraction coupling. During diastole, the concentration of ionized 
Ca++ in the region of the myocardium occupied by the contractile 
proteins is probably below 10-7 M. Under these conditions contrac- 
tion will be inhibited because the Ca-binding site of troponin, the 
Ca++ receptor protein of the contractile machinery, is not combined 
with Ca++.1 According to current theory, systole is initiated when 
the ionized Ca++ concentration around the contractile proteins rises 
to approximately 10-5 M, thereby permitting Ca++ to be bound to 
the regulatory site on the troponin molecule. Full contractile activity 
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will occur when ~50 umoles of Ca++ per kilogram of 
wet weight of ventricle is available for binding to 
troponin.? (This figure represents a minimal value 
because additional, but unknown, amounts of Ca++ 
can be bound by other intracellular sites as Ca++ 
concentration is raised.) During diastole this tro- 
ponin-bound Ca++ must be removed by transport of 
Ca++ out of the cell, translocation of Ca++ to other 
structures within the cell, binding of Ca++ to other 
intracellular structures, or a combination of these 
mechanisms. In most skeletal muscles the Ca++ 
made available for binding to troponin is derived al- 
most entirely from the sarcoplasmic reticulum, an 
intracellular system of tubules that envelops the 
contractile proteins,? whereas in most adult mam- 
malian hearts a significant fraction of this Ca++ ap- 
pears to come either directly or indirectly from 
extracellular sources. Both the mechanisms by which 
Ca++ movements across the myocardial cell mem- 
branes are controlled and the processes responsible 
for movements of Ca++ within the myocardial cells 
remain only poorly understood. Yet full characteriza- 
tion of the mechanisms by which the contractile ac- 
tivity of the mammalian heart is regulated requires 
an understanding of the movements of Ca++ into 
and out of the cell, as well as the function of those 
systems within the cell, notably the sarcoplasmic 
reticulum, that regulate intracellular Ca++ move- 
ments. The first of these topics is considered else- 
where in this Symposium, so that the remainder of 
this article will be devoted to an examination of cur- 
rent understanding of the mechanisms by which 
Ca++ is bound to, and transported into, the internal 
membrane systems of the myocardium. 


Composition of the Cardiac Microsomal Fraction 


A number of studies have utilized preparations de- 
rived from the microsomal fraction of heart muscle 
homogenates to study the interactions between 
Ca++ and the sarcoplasmic reticulum. However, the 
membrane vesicles that make up the cardiac micro- 
somal fraction (which is usually isolated by high 
speed ultracentrifugation of the homogenized myo- 
cardium after prior removal of cell debris, nuclei and 
intact mitochondria) are heterogeneous. In addition 
to fragmented sarcoplasmic reticulum, cardiac mi- 
crosomes contain mitochondrial fragments,*** which 
have been estimated to comprise as much as half of 
the microsomal protein.? Cardiac microsomes also 
contain plasma membrane fragments,®:? which ex- 
hibit sodium and potassium-activated adenosine tri- 
phosphatase (ATPase)®:1°12 and adenylate cyclase?’ 
-16 activities. These enzymes are generally associated 
with the plasma membrane. Finally, enzymatic ac- 
tivities that appear to be derived from lysosomes and 
peroxisomes®:!7:18 and from catecholamine recep- 
tors!® are also found in the usual cardiac microsomal 
preparation. 

Efforts to purify fragmented sarcoplasmic reticu- 
lum from cardiac microsomes have met with only 
limited success.*:8-9:29 Unlike protein fractionation, 


in which a number of techniques permit separation 
of highly purified proteins, the isolation of specific 
cell organelles from cardiac microsomes is complicat- 
ed by the lack of sensitive methods for separating 
these labile membranes. Even if it were possible to 
purify the various cell organelles, their identification 
would be difficult since the utilization of marker en- 
zymes to identify specific membrane fragments in- 
volves a certain amount of circular reasoning. For 
example, the identification of a (Na+ + K+)-activat- 
ed ATPase in a subfraction of a cardiac microsomal 
preparation can be interpreted to mean that this 
fraction contains plasma membrane fragments, yet 
there is only indirect evidence to indicate that the 
cardiac sarcoplasmic reticulum lacks an ATPase 
that is stimulated when Nat and K+ are present to- 
gether. The failure of Ca-uptake to be stimulated 
when Na+ and K+ are both present,?! assuming Ca- 
uptake to be a valid marker for the sarcoplasmic re- 
ticulum, indicates that the “extra” hydrolysis of 
adenosine triphosphate (ATP) associated with Ca++ 
transport will not exhibit (Na+ + Kt+)-activation. 
However, (Nat + Kt)-activation of other ATPase 
sites in the sarcoplasmic reticulum cannot be ruled 
out. The location of adenylate cyclase on specific cell 
membranes is also controversial. This activity, which 
can be identified in cardiac microsomes (see later), 
may be derived from plasma membrane fragments or 
it may be a property of the sarcoplasmic reticulum 
itself. The markers for the mitochondrial inner mem- 
brane probably are of greater validity; for example, 
azide-insensitive, AT’P-supported Ca-uptake, a sar- 
coplasmic reticulum marker, and succinate cyto- 
chrome ec reductase, a mitochondrial inner mem- 
brane marker, can be well separated by zonal ultra- 
centrifugation of cardiac microsomes on sucrose den- 
sity gradients. Morphologic criteria are extremely 
useful in identifying intact plasma membranes 
(empty cell segments) and intact mitochondria. 
However, after extensive homogenization, both plas- 
ma membrane and mitochondrial fragments sedi- 
ment in the microsomal fraction and resemble elec- 
tron microscopically the vesicles believed to be de- 
rived from the sarcoplasmic reticulum. Thus, ho- 
mogenization of a morphologically “pure” mitochon- 
drial preparation has been shown to give rise to 
small membrane vesicles almost identical to those of 
a microsomal preparation.?2 The inner membrane 
particles of mitochondria differ in size from those as- 
sociated with the sarcoplasmic reticulum,??>?* but in 
most electron microscopic studies of cardiac micro- 
somal fractions these particles have not been charac- 
terized. For these reasons, interpretation of current 
studies of the heart’s sarcoplasmic reticulum must 
be approached with some caution. 


Kinetics of Ca-Binding and Ca-Uptake by 
Cardiac Microsomes 
The sarcoplasmic reticulum is presumed to initiate 
contraction by releasing Ca++ in response to a signal 
originating with the action potential, and to termi- 
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nate systole by reaccumulating Ca++ when that sig- 
nal is either attenuated or modified. Unfortunately, 
at the present time it is possible to examine in vitro 
only the latter properties of the heart’s sarcoplasmic 
reticulum, the removal of Ca++ from solutions. 

In studies with cardiac microsomes, 2 processes by 
which Ca++ is removed from solution can be exam- 
ined in vitro. One of these, here designated Ca-bind- 
ing, represents the association of Ca++ with cardiac 
microsomes in the presence of ATP, but in the ab- 
sence of anions such as oxalate and phosphate, 
which cause insoluble Ca++ salts to be precipitated 
within the microsomes. When oxalate or phosphate 
is included along with ATP in the in vitro reaction 
mixtures, cardiac microsomes can remove much 
larger amounts of Ca++ from solution by a process 
designated Ca-uptake. Under these latter conditions, 
insoluble precipitates, presumed to represent Ca++ 
salts, can be demonstrated within the microsomal 
vesicles.?3:25.26 Although about 100 times as much 
Cat+ is removed from solution during Ca-uptake, 
this process is much slower than Ca-binding, and 
there is reason to believe that the rate of Ca-uptake 
is too slow, at least as measured in vitro, to effect re- 
laxation in the intact heart.4 Ca-binding, while lim- 
ited in its capacity to remove Ca++ from solution, is 
extremely rapid. Quantitative studies are consistent 
with the proposition that a process analagous to Ca- 
binding may be responsible for relaxation in the living 
heart. 4:27.28 

The identification of Ca-uptake and Ca-binding as 
2 distinct mechanisms remains controversial. On the 
one hand, Ca-binding could represent the binding of 
Ca++ to specific sites on the microsomal membrane, 
whereas Ca-uptake could represent a transport pro- 
cess unrelated to Ca-binding. On the other hand, 
Ca-binding could represent a manifestation of the 
same process that effects Ca-uptake except that in 
Ca-binding the capacity to accumulate Ca++ is lim- 
ited by the absence of a Ca++-precipitating anion. 
Because the relation of Ca-binding sites on the mi- 
crosomal membrane to Ca-uptake has not been de- 
fined, we have recently carried out an extensive ki- 
netic study of cardiac microsomal Ca-binding and 
Ca-uptake? in an attempt to delineate the relation 
between these 2 Cat +-membrane interactions. 

Differences between Ca-uptake and Ca-bind- 
ing: Two distinct differences between Ca-uptake and 
Ca-binding appear when the rate of Ca-uptake is 
compared with the degree of saturation of the micro- 
somal Ca-binding sites at different Ca++ concentra- 
tions. The first becomes evident when the rate of Ca- 
uptake is related to the number of membrane bind- 
ing sites bound to Ca++. The data in Figure 1, ob- 
tained with cardiac microsomes prepared by the 
method of Harigaya and Schwartz?” and analyzed 
for Ca-uptake and binding by methods described by 
Katz et al.,°-29 show clearly that when Ca++ con- 
centration is increased, the increasing rate of Ca- 
uptake does not parallel the filling of Ca-binding 
sites. Instead, elevation of ionized Ca++ concentra- 
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FIGURE 1. Semilogarithmic plot showing dependence of the 
rate of Ca++ uptake (@ — è) and the extent of Cat + binding at 
equilibrium (O—O) on ionized Ca++ concentration. Reactions 
were Carried out at 25 C in 5 mM MgATP, 0.12 M KCI and 40 
mM histidine at pH 6.8. For Ca*+* uptake studies, 2.5 mM tris 
oxalate was included. Total *°CaClos concentration was 2.5 X 
10-78 M; various amounts of EGTA were included to establish 
buffered Cat+ concentrations (see ref. 8, 29). At [Ca++] con- 
centrations greater than 4.75 X 10-76 M, additional CaCl. was 
added and EGTA omitted. 


tion stimulates Ca-uptake rate at higher Ca++ con- 
centrations, where the Ca-binding sites approach 
saturation. Thus, Ca-uptake proceeds at less than 
20 percent of its maximal rate at 10-6 M Ca++, a 
Ca++ concentration at which more than half the 
binding sites are occupied by Ca++: and at Ca++ 
concentrations above 10-6 M there is little increase 
in the extent of Ca++ binding, whereas the rate of 
Ca-uptake is about 5 times faster at 10-5 M than 
10-6 M Ca++. These differences indicate either that 
the Ca-binding sites do not participate in the trans- 
port of Ca++ into the microsomal vesicles; or, alter- 
natively, that if these binding sites are utilized in 
Ca-uptake, the rate-limiting step in Ca++ uptake is 
independent of the filling of these high-affinity bind- 
ing sites. 

The second major difference between the Ca++- 
dependence of Ca-binding and Ca-uptake, seen when 
these data are subjected to formal kinetic analysis,29 
provides further evidence that the rate-limiting step 
in Ca-uptake is independent of the Ca-binding sites. 
Ca-binding follows classic saturation kinetics, the 
number of binding sites for microsomes made by the 
method of Harigaya and Schwartz?” being approxi- 
mately 45 nmoles/mg protein. The Ca++ affinity of 
these microsomes, defined by double reciprocal and 
Scatchard plots?’ is about 2.3 X 106 M-1. This high 
affinity, the reciprocal of which (~4 X 10-7 M) rep- 
resents the Ca++ concentration at which these bind- 
ing sites are half bound to Ca++ and half free, is 
higher than that estimated for cardiac troponin,! in- 
dicating that these membranes have the capacity to 
effect relaxation in vivo by removing the Ca++ 
bound to troponin. The rate of Ca-uptake, unlike the 
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filling of Ca-binding sites, does not show saturation 
kinetics, but instead accelerates linearly with in- 
creasing Ca++ concentration until, at levels of Ca++ 
> 10-5 M, this process becomes inhibited (Fig. 1). 
The failure of Ca-uptake to follow saturation kinetics 
in the concentration range below 10-5 M Ca++, a 
phenomenon that is also seen with the more homoge- 
neous skeletal microsomes, indicates that Ca-uptake 
is not effected by a saturable system of Cat+ trans- 
port sites. Instead, Ca-uptake resembles kinetically a 
nonfacilitated diffusion process in which an electro- 
chemical gradient, such as might be established by 
ATP hydrolysis within the microsomal vesicles, 
drives Ca++ across the membrane where it is 
trapped by precipitation with oxalate, which appears 
to permeate freely across the membrane. These dif- 
ferences are illustrated diagrammatically in Figure 2, 
in which, for example, a negative charge within the 
microsomal vesicle could provide the type of force 
that causes Ca++ to enter the microsomes. Although 
this figure illustrates only one interpretation of the 
kinetic data in terms of a mechanism that could ef- 
fect Ca-uptake, the major point remains that regard- 
less of the exact mechanism of cardiac microsomal 
Ca-uptake, its kinetics are entirely different from 
those of Ca-binding. 

In view of evidence for the existence of 2 different 
Ca++ pools within the myocardium, discussed else- 


(Catt) 


(Catt) 


FIGURE 2. Schematic diagram illustrating possible 
mechanisms for cardiac microsomal Catt binding 
and Ca-uptake. Ca-binding can be shown 
kinetically to involve a limited number of high affin- 
ity sites (M), that have an affinity constant (Kp) 
defined as the ratio k;/k_,;. The rate constant for 
Ca-uptake is independent of Ca** concentration, 
suggesting that this process involves a nonfacilitat- 
ed diffusion process which is not limited by the 
number of Ca-binding sites. In this diagram, only 1 
surface of the membrane is shown because the 
location of the high-affinity Ca-binding sites is un- 
known. 


where in this Symposium, it is tentatively suggested 
that Ca-binding represents the association of Ca++ 
with a “binding site,” possibly on the sarcotubular 
network, whereas Ca-uptake is an in vitro manifesta- 
tion of a calcium “storage site,” possibly the termi- 
nal cisternae of the sarcoplasmic reticulum. 
Movements of Ca++ and excitation-contraction 
coupling: The existence of these 2 kinetically differ- 
ent mechanisms that could influence the movements 
of Ca++ within the myocardium, plus the evidence 
for transcellular Ca++ movements during cardiac 
systole, permit the control of Ca++ release during 
excitation-contraction coupling of mammalian ven- 
tricular muscle to be described in terms of 3 general 
processes, each or all of which could deliver activator 
Ca++ to the contraction-regulating binding site of 
troponin (Fig. 3). In the following discussion, atten- 
tion will be directed mainly toward changes that 
could initiate systole or increase contractility (Fig. 3, 
heavy arrows). The reverse reactions (Fig. 3, light ar- 
rows) would have the opposite effect: to terminate 
systole or decrease contractility. As has already been 
mentioned, systole could be initiated by Ca++ entry 
across the cell membrane (arrow 1), there being an 
almost 10,000-fold concentration difference during 
diastole between extracellular [Ca++], ~10-3 M and 
intracellular [Ca++]. ~10-7 M. Systole could also 
be initiated by release of Ca++ from intracellular 
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FIGURE 3. Schematic diagram illustrating possible Ca++ movements that might influence cardiac contraction. Systole is initiated when 
Ca** is released to be bound to the high affinity Ca-binding site of troponin; diastole occurs when the Ca++ is removed from troponin. 
Three sources of this “activator” Ca++ are proposed: (1) extracellular Ca++; (2) intracellular storage sites; and (3) intracellular binding 
sites. It is tentatively suggested that the Ca-binding sites, which can bind rapidly small amounts of Ca++, represent the “binding” 
sites, whereas Ca-uptake, a much slower process but with high capacity, represents the transport of Cat +into the “storage sites.” 
Arrows 1 to 3 (heavy lines) represent 3 possible pathways by which Ca++ can be released to initiate systole. Changes in the Ca++ fluxes 
represented by these arrows would directly influence myocardial contractility. The reverse arrows —1, —2, —3 (light lines) represent Cat + 
fluxes that would terminate systole. Arrows 4 to 6 represent Cat + movements that may serve to modulate contractility. The positive 
arrows 4 to 5 (heavy lines) are suggested to enhance contractility by increasing intracellular Ca++ stores, thereby permitting 
augmentation of Cat + fluxes described by arrows 2 and 3. Arrow 6 represents a possible mechanism by which movement of Ca++ from 
a “storage” to a “binding” site could enhance contractility. The negative arrows —4, —5, and —6 (light lines) might have a negative 
inotropic effect. Although all possible interactions between these 3 Cat* pools are shown, it is unlikely that all of these Cat + movements 
are of equal significance. 


sources, either in the storage site (arrow 2) or on the at an intracellular Ca-binding site, thereby leading 
binding site (arrow 3). If activator Cat* is derived indirectly to an increase in the Ca++ fluxes de- 
from intracellular stores analogous to the calcium oxa- scribed by arrows 2 and 3. For example, it appears 
late precipitate formed during Ca-uptake, systole that the Ca++ that enters the myocardium during 
would be initiated by the mechanism illustrated by the action potential is not utilized to augment the 
arrow 2. Because the nature of the material inside index contraction (arrow 1), but instead serves to fill 
the sarcoplasmic reticulum is not known, however, a reservoir from which it is released to augment sub- 
the functional significance of the process designated sequent contractions. This mechanism may be re- 
here as Ca-uptake remains uncertain. Release of sponsible for the Bowditch staircase and _ postex- 
Ca++ from intracellular binding sites (arrow 3) pro- trasystolic potentiation,?°:3! inotropic effects that 
vides a third mechanism that could initiate systole. are probably initiated by an increase in the Catt 
At the present time, although the relative contribu- movements along arrows 4 and 5 that, in subsequent 
tions of these 3 potential Ca++ sources in mediating beats, enhance the Ca++ fluxes along arrows 2 and 
excitation-contraction coupling remain to be defined, 3. One currently popular explanation for the positive 
it appears unlikely in most adult cardiac muscle cells inotropic action of cardiac glycosides? is that Ca++ 
that Ca++ entering during the action potential efflux is decreased because of digitalis-induced inhi- 
(arrow 1) is directly responsible for the initiation of bition of the sodium pump. This effect, by reducing 
systole (see later). Ca++ efflux, can be characterized in Figure 3 as a 

Ca++ movements and myocardial contractility: reduction in the reverse arrows —4 and —5. An alter- 
The potential existence of these three sources of native explanation is that cardiac glycosides might 
Ca++ provides a framework for analysis of mecha- increase the Ca++ influx described by arrows 4 or 
nisms that modulate myocardial contractility. In ad- 5.33 Translocations of Ca++ within the cell probably 
dition to the obvious positive inotropic effects of in- account for the Woodworth (negative) staircase,** in 
terventions that increase the Ca++ fluxes labeled which the negative inotropic effect of an increased 
1-3, it is possible that myocardial contractility is en- heart rate could be explained if tachycardia caused 
hanced by increased filling of the intracellular Ca++ Ca++ to shift from more readily available binding 
pools. Thus, the primary action of certain positive sites to less rapidly released stores (arrow —6, in 
inotropic interventions might be to increase the which a negative inotropic effect is shown). The con- 
quantity of Ca++ in an intracellular Ca++ store or verse of this negative staircase, represented by the. 
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heavy arrow 6, would explain the “‘recuperative ef- 
fect of a long pause” noted by Woodworth®® and oth- 
ers. Although the mechanisms illustrated in Figure 3 
are only tentative, this scheme, which is based on a 
number of lines of investigation including the kinetic 
analysis presented in Figures 1 and 2, may be useful 
as an aid to the understanding of experimental find- 
ings regarding the control of myocardial contractili- 
ty. Furthermore, this analysis may provide a concep- 
tual basis for future studies of the biochemistry and 
biophysics of the regulation of cardiac contraction. 


Failure of Cardiac Glycosides to Modify Ca++ 
Interactions with Cardiac Microsomes 


Several investigators have suggested that cardiac 
glycosides enhance myocardial contractility through 
an effect on the heart’s sarcoplasmic reticulum. This 
view is supported by reports that cardiac glycosides 


500 
u 
È 
He « B 
4 o 
Vv) 
V * 
S 250 
= 
4 z @® K Control 
* - O K+ OQuabain 
= 
3 + E Na Control 
me O 0 Na+OQuabain 
95 1 Ao Be 4 Ba 


1 -1 
—; (umoles/l) 
[Ca] i 

free 


FIGURE 5. Effects of ouabain on cardiac microsomal Ca-bind- 
ing. Double reciprocal graphs show a straight line when 1/Ca 
bound to microsomes is plotted against 1/Cafree. In these ex- 
periments, [Ca]free includes calcium bound to ATP, so that ion- 
ized Cat + is approximately 1/7 the level of “free” Ca. Ouabain 
concentration was 10-78 M (open symbols); other conditions 
were as described in the legend to Figure 4, KCI 0.12 M (@,O) 
or NaCl 0.12 M (@,D). 





FIGURE 4. Effects of ouabain on cardiac 
microsomal Ca-uptake. The uptake of 50 uM 
45CaClo by 0.096 mg/ml cardiac micro- 
somes was measured in 0.12 M KCI (left 
panel) or 0.12 M NaCl (right panel) at oua- 
bain concentrations of 1074 M (QO), 1078 M 
(A) and 107 M (@), and in the absence of 
ouabain (O). The reaction mixtures con- 
tained 5 mM MgATP, 2.5 mM tris oxalate 
and 10 mM histidine at pH 7.0. 


inhibit Ca-uptake by fresh36:37 and aged?® cardiac 
microsomes. Other studies indicate that cardiac gly- 
cosides enhance calcium uptake only when cardiac 
microsomes are depressed by amytal,®® but this ef- 
fect could not be confirmed.*® Enhancement of Ca- 
binding in the presence of ouabain has been re- 
ported,4! but several investigators have found no ef- 
fects of cardiac glycosides on either Ca++ uptake or 
binding by cardiac microsomes.?°:4°:42-44 Several ex- 
planations for these conflicting findings can be ad- 
vanced, among which is that these studies were car- 
ried out in different concentrations of Na+ and K+. 
Because slight differences in the effects of these alka- 
li metal ions on the interactions of Ca++ with cardi- 
ac microsomes have been found,?! and because it is 
generally accepted that the cardiac glycosides inhibit 
the (Nat + K*+)-activated ATPase,**** we exam- 
ined the possibility that cardiac glycosides might 
modify Ca-binding or uptake in the presence of K+ 
or Na+ both alone and together. Neither Ca-uptake 
(Fig. 4) nor Ca-binding (Fig. 5) were altered by 10-6 
M ouabain over a wide range of Ca++ concentra- 
tion. Studies with concentrations of ouabain ranging 
between 10-7 and 10-4 M similarly showed no ef- 
fects of the cardiac glycosides; nor were effects seen 
when Nat and K+ were present together at concen- 
trations optimal for activation of plasma membrane 
(Na+ + Kt)-activated ATPase activity. These data 
do not support the view that cardiac glycosides exert 
their positive inotropic effect by altering the ability 
of the heart’s sarcoplasmic reticulum to effect relax- 
ation, an interpretation that is consistent with evi- 
dence that the primary action of these agents on 
contractility is brought about by an effect on Ca++ 
movements into and out of the cell.?? 


Interactions of Catecholamines and 3’, 5'-Cyclic 
AMP with Cardiac Microsomes 


The beta adrenergic agonists, another class of 
agents that enhance myocardial contractility, have, 
like the cardiac glycosides, been suggested to act by 
altering the ability of the heart’s sarcoplasmic retic- 
ulum to remove Ca++ from the contractile proteins 
during diastole. Possible effects on cardiac micro- 
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FIGURE 6. Double reciprocal plot of the Cat+t dependence of 
cardiac microsomal Ca-binding. The effects of 1074 M epineph- 
rine (X) and 107 M cAMP (O) are compared with a control 
reaction (@). Reaction conditions described in legend to Figure 
1. Microsomes were preincubated with epinephrine and cAMP 
for 10 minutes before addition of the Ca**-EGTA buffer, which 
initiated the reaction. 





somes of agents such as epinephrine, which interacts 
with a receptor on the plasma membrane to promote 
the formation of 3’, 5’-cyclic AMP (cAMP), and of 
cAMP itself have been studied, but the published 
findings are not in agreement. Some investigators 
have reported that cardiac microsomal Ca-uptake is 
enhanced by norepinephrine and epinephrine?*:48:49 
and cAMP.14:50 Others, however, have failed to con- 
firm the existence of such effects.38.40.51.52 [In 1 
study, an apparent stimulatory effect of cAMP on 
cardiac microsomal Ca-uptake was attributed to a 
nonspecific effect of the nucleotide to protect the mi- 
crosomes from rapid inactivation,®* but we have not 
noted. the rapid loss of activity reported by this 
group. Furthermore, we have found no evidence that 
epinephrine and cAMP consistently influence Ca- 
binding and uptake. When cardiac microsomes are in- 
cubated with epinephrine or cAMP no effects on 
Ca-binding kinetics are seen (Fig. 6), there being 
no alteration of either Kpg (Ca-binding constant) or n 
(number of binding sites). At Ca++ concentrations 
approximating 1/Kp,, where effects on either n or Kp 
should be apparent, epinephrine and cAMP at con- 
centrations ranging between 10-76 M and 10-4 M 
were without effect on Ca-binding. Similarly, these 
agents had no effect on Ca-uptake at Ca++ con- 
centrations below the inhibitory level (Fig. 7). Nei- 
ther epinephrine nor cAMP in the concentration 
range between 10-6 M and 10-4 M influenced Ca- 
uptake. These studies indicate that the increased 
cAMP levels do not modify directly the ability of the 
heart’s sarcoplasmic reticulum to take up Ca++ at 
the end of systole. 

Mechanism of adrenergic enhancement of con- 
tractility: The negative findings described probably 
reflect the recent discovery that many of the effects 
of cAMP in mammalian cells are mediated by a 
cAMP-activated protein kinase. This enzyme, when 
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FIGURE 7. Insensitivity of cardiac microsomal Ca-uptake to epi- 
nephrine and cAMP. Reactions carried out in 1074 M epineph- 
rine (x) and 10~* M cAMP (O) are compared with control 
reactions (@). Reaction conditions were as described in legend 
to Figure 1. Microsomes were preincubated with epinephrine 
and cAMP as described in legend to Figure 6. 


activated by cAMP, catalyzes the phosphorylation 
by ATP of a variety of proteins,°*:°* thereby altering 
their functional or enzymatic activity. Any effect of 
cAMP on these Cat+t+-dependent processes of the 
heart’s sarcoplasmic reticulum might, therefore, be 
expected to result from phosphorylation of the mi- 
crosomal membranes, catalyzed by a cAMP-depen- 
dent protein kinase. For these reasons, the effects of 
cAMP on cardiac microsomes in the presence of a 
protein kinase, isolated from fresh bovine hearts by 
the methods of Miyamoto et al.,°© are now being ex- 
amined in our laboratory. Our initial findings®’ dem- 
onstrate that cAMP increases the rate of Ca-uptake 
without altering Ca-binding (Table I). The threshold 
of this effect is below 10-7 M cAMP (Fig. 8). Paral- 
lel studies of the incorporation of the terminal phos- 
phate of ATP into cardiac microsomes indicate that, 
as expected, phosphorylation of these membranes is 


TABLE | 


Effects of cAMP and Protein Kinase on Cardiac Microsomal 
Ca-Binding and Uptake 





Ca-Uptake 
Ca-Binding (umoles mg} 
(umoles mg—*) min—1) 
Control 0.021 0.037 
10-8 M cAMP 0.025 -0.040 
0.13 mg/ml protein kinase 0.021 0.046 
cAMP + protein kinase 0.026 0.083 


Ca-binding and uptake were measured as described in the 
legend to Figure lin 4.22 X 10-7 M Ca++ for Ca binding and 7.5 X 
10-7 M Cat+ for Ca uptake. Microsomes were preincubated in 
the reaction mixture for 10 minutes with protein kinase or 
cAMP, or both, before addition of the Cat *-EGTA buffer.57 
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FIGURE 8. Dependence of protein kinase-mediated cAMP-stim- 
ulation of cardiac microsomal Ca-uptake on cAMP concentra- 
tion. Data obtained as described in legend to Table |. The half- 
maximal CAMP concentration for stimulation of Ca-uptake is ~2 
X 10-77 M.57 


enhanced by cAMP in the presence of protein kinase. 
These findings, along with the demonstration that 
cardiac microsomes contain an active, epinephrine- 
stimulated adenylate cyclase,!3-16 suggest the fol- 
lowing mechanism by which beta adrenergic agonists 
such as epinephrine might enhance contractility and 
abbreviate systole (Table II). The initial effect of 
epinephrine, mediated by its binding to a receptor 
on the plasma membrane, is to activate adenylate 
cyclase,°®:°9 thereby increasing the formation of 
cAMP from ATP. The resulting increase in the 
intracellular level of cAMP activates a cAMP-depen- 
dent protein kinase, which phosphorylates a regula- 
tory site on the sarcoplasmic reticulum. As a result, 
the rate of Ca-uptake into the intracellular storage 
site (arrows 4 and —2 in Fig. 3) is enhanced. Such an 
increase in the rate of Ca++ transport into intracel- 
lular stores would abbreviate systole and reduce the 
transport of Ca++ out of the cell in diastole (arrows 


TABLE II 


Proposed Mechanism for Epinephrine-Induced Enhancement 
of Myocardial Contractility 


1. Epinephrine-binding to plasma membrane £-receptor 
2. Activation of plasma membrane adenylate cyclase 

3. Increase in intracellular cAMP level 

4. Activation of cAMP-dependent protein kinase 

5. Phosphorylation of sarcoplasmic reticulum 


6. Increased rate of Cat*-uptake into ‘‘storage sites" 
(Fig. 3, arrows 4 and —2) 


A 


Abbreviation of systole 


(Decreased diastolic Cat+ efflux, 
Fig. 3, arrows —1, —4) 


7. Increased intracellular Cat+ 
stores 


8. Increased Ca** release in subse- 
quent contractions (Fig. 3, 
arrows 6 and 3, possibly arrow 
2) 


Enhancement of contractility 


—] and —4 in Fig. 3). This increased Ca++ store 
would be available for release during subsequent 
contractions, either directly (arrow 2, Fig. 3) or by 
increasing the Ca++ in the binding site (arrows 6 and 
3, Fig. 3). Either of these mechanisms could enhance 
contractility. Although this proposed mechanism is 
only tentative, pending further studies on the physio- 
logic significance of the in vitro Ca++ membrane 
interactions described in this paper, the initial 5 
steps outlined in Table II are analogous to those cur- 
rently thought to mediate the activation of the phos- 
phorylase system by epinephrine.®® 
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This review deals with some aspects of the synthesis, assembly and 
turnover of mitochondrial and myofibrillar proteins in normal and hy- 
pertrophied hearts. The dynamic state of the myocardium, in which 
intracellular proteins and organelles are constantly being destroyed 
and synthesized, is emphasized. In normal cardiac muscle, mito- 
chondrial inner membrane cytochromes turn over synchronously with 
half-lives of 5 to 6 days. The various myofibrillar proteins also turn 
over; the fact that they do so with identical apparent half-lives of 8 to 10 
days suggests that these proteins are assembled and degraded syn- 
chronously. In cardiac hypertrophy produced by constriction of the 
ascending aorta in rats, inner mitochondrial membrane cytochromes 
increase in parallel. Early in hypertrophy (1 day after aortic constric- 
tion) cytochrome content per gram of heart weight increases, indi- 
cating a disproportionate increase in mitochondrial cytochrome 
mass. By the third postoperative day there already is a decrease in 
cytochrome content per gram of heart weight. The increase in mito- 
chondrial cytochrome content observed in the hypertrophied heart 
appears to be due to a decreased rate of cytochrome destruction, as 
well as to an increased rate of cytochrome synthesis. The data on 
myosin accumulation are consistent with either decreased destruc- 
tion of myosin or increased efficiency of reutilization of labeled 
amino acids. 


The normal heart is an extremely versatile organ capable of acute 
adaptation to a wide range of work requirements. Large variations in 
output or afterload, with consequent alterations in demands upon 
the energy-generating systems are effectively met by the Starling 
mechanism, and by changes in the inotropic state of the heart. The 
heart’s considerable reserve capacity to synthesize adenosine triphos- 
phate (ATP), which is finely regulated by the respiratory control 
mechanism, is normally able to satisfy the increased energy require- 
ments resulting from large changes in wall tension or inotropic state. 
Although the heart can respond effectively to severe, acute changes 
in work load, it also possesses another important adaptive mecha- 
nism, the adjustment of its mass to chronic alterations in preload or 
afterload.1-4 Chronic increments in work load far smaller than those 
that the heart can effectively overcome in acute situations result in a 
significant increase in cardiac mass. This response should be consid- 
ered an adaptive mechanism by which the heart’s base-line level of 
contractile and metabolic activity is adjusted to chronic work and 
energy requirements. In this way, the reserve capacity of the heart is 
maintained so that it can still effectively respond to acute physiolog- 
ic changes. The adjustment of cardiac mass and of cardiac muscle 
cell size to chronic work loads indicates a dynamism and a capacity 
for synthesis, destruction and remodeling of its constituents to an ex- 
tent that may not be fully appreciated. This process is probably con- 
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tinuous, but it results in clinically detectable hyper- 
trophy only if the increase in work load is consider- 
able. When work demands are excessive, unduly pro- 
longed or too rapidly applied, myocardial compensa- 
tory mechanisms for synthesis and function may be 
over-stressed or the organization of the muscle cell 
may be altered; the consequences may then be di- 
minished contractile function and failure. 

The adult heart has a remarkable capacity to syn- 
thesize and renew its structural components. The 
adult cardiac muscle cell does not divide (as dis- 
cussed in this Symposium by Zak5) and may have a 
life as long as that of the entire organism. Neverthe- 
less, the constituents within that cell (the myofibril- 
lar proteins, the mitochondria, membrane proteins 
and soluble proteins) are all in a state of dynamic 
equilibrium, constantly being destroyed and resyn- 
thesized.+6 Base-line cardiac synthetic mechanisms 
must be quite highly developed merely to maintain 
the normal organization of the cell. This constant re- 
molding of the cardiac muscle cell is the means by 
which structure can be rapidly adjusted to functional 
demands. After imposition of a pressure or volume 
overload, a consistent stimulation of synthesis of 
protein and nucleic acids ensues.!~4:7 Base-line syn- 
thetic rates of ribonucleic acid (RNA) and protein 
may be increased several times depending on the in- 
tensity of the stimulus.®:9 Myocardial protein may 
increase by 20 to 50 percent within 48 hours after 
constriction of the ascending aorta in rats or rabbits. 

It is apparent that if cardiac constituents normally 
are rapidly turning over, their accumulation may re- 
sult from a decrease in rate of destruction as well as 
from an increase in synthesis. Furthermore, regres- 
sion of cardiac enlargement after removal of an in- 
creased work load, as might occur after aortic valve 
replacement for aortic stenosis, could be effected by 
a balance between rates of destruction and synthesis 
of myocardial constituents. In both the development 
and regression of cardiac hypertrophy in the adult, 
the number of cardiac muscle cells remains un- 
changed; only their size is altered.5 

In this paper we will review some of the informa- 
tion available concerning the processes responsible 
for the synthesis and degradation of myocardial 
muscle cell constituents in normal, hypertrophying 
and atrophying hearts. 


Mitochondrial Synthesis and Turnover 


Cardiac muscle depends almost exclusively on aer- 
obic metabolism for its energy requirements. Except 
under conditions of hypoxia, glycolysis with lactate 
production has not been demonstrated in the heart. 
Dependence on oxidative metabolism is structurally 
correlated with the large proportion of cardiac vol- 
ume (about 35 percent) occupied by mitochondria.1° 
ATP synthesis is finely adjusted to ATP utilization 
by the mechanism of respiratory control elucidated 
by Chance and colleagues.11 Mitochondrial oxidation 
and coupled phosphorylation, the processes by which 


ATP is synthesized, proceed only in the presence of 
adenosine diphosphate (ADP); the ADP is, in turn, 
formed by the hydrolysis of ATP during muscle con- 
traction, ionic transport or other ATP-utilizing pro- 
cesses. 

Although the normal capacity of cardiac mito- 
chondria for oxidative metabolism appears capable 
of adjusting to large increments in work, it is still 
possible that failure to meet these needs completely 
may stimulate growth. The accumulation of metabo- 
lites resulting from localized ATP deficiency could 
conceivably stimulate the synthesis of more mito- 
chondria and other myocardial elements. The usual 
steady state measurement of total nucleotide con- 
centration. might not demonstrate the ATP deficien- 
cy. It is also possible that stretch itself, rather than 
the metabolic changes resulting from stretch, alters 
nuclear or plasma membrane configuration, and 
thereby stimulates growth. This possibility will be 
discussed more extensively later. 

It is firmly established that overload of both cardi- 
ac and skeletal muscle is accompanied by increased 
metabolic activity. Increased wall tension in the 
heart results in increased oxygen consumption, !? and 
passive stretch of skeletal muscle leads to both in- 
creased heat production?! and increased oxygen con- 
sumption.!4 Cardiac enlargement follows enhanced 
preload or afterload, and passive stretching of the 
uterus,!5 diaphragm? and muscle in organ culture17 
results in their enlargement. The relation between 
metabolic activity and protein synthesis can be seen 
not only in acute experiments, but also in nature in 
functionally different muscles. Muscles with the 
greatest energy utilization have the highest RNA 
levels!®; for example, reduction in muscle activity 
associated with domestication of animals is associ- 
ated with a decrease in RNA content.!9 The rate of 
uptake of the amino acid analogue a-aminoisobu- 
tyric acid (AIB)?° and the labeling of proteins by 
amino acids, in general, parallel the RNA levels in 
functionally different muscles.18 The mechanisms 
responsible for the relation between metabolic activi- 
ty and rate of protein synthesis in muscles are still 
unclear. 

After the imposition of an acute workload, such as 
constriction of the ascending aorta of rats, the syn- 
thesis of mitochondria as well as other cell compo- 
nents is stimulated. Early after aortic constriction, 
mitochondrial constituents accumulate in parallel 
with or perhaps in preference to other cell compo- 
nents?>*1,22 but, after several days, the cytochrome 
concentration?3-24 and the relative cell volume occu- 
pied by mitochondria decrease.1° Cardiac enlarge- 
ment produced by volume overload2® or by exer- 
cise,2® unlike that due to aortic constriction, does 
not appear to decrease the concentration of mito- 
chondria. During developing hypertrophy the syn- 
thesis of mitochondrial proteins is stimulated as in- 
dicated by amino acid incorporation studies both in 
vivol®:27 and in isolated mitochondria in vitro.2® In- 
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corporation of precursors into mitochondrial RNA 
and deoxyribonucleic acid (DNA) has also been re- 
ported.29 

Assembly of mitochondria: The assembly of 
newly synthesized cardiac mitochondria is a complex 
process that involves 2 separate protein synthetic 
systems. The 2 synthetic systems utilize information 
derived from 2 separate genetic systems.°°:3! We 
now know that mitochondria, which are complex 
structures composed of inner and outer mitochon- 
drial membranes and matrix, possess systems for the 
synthesis of DNA, RNA and protein. These mito- 
chondrial synthetic systems are independent of 
those in the nucleus and cytoplasm. Several years 
ago we showed that mitochondria of chick heart and 
liver contain DNA that differs from nuclear DNA in 
base composition®°-32 and in configuration. Mito- 
chondrial DNA of higher organs is predominantly 
composed of closed circular, supercoiled molecules*? 
uniformly 5 yu in length.?4:35 The small size and the 
kinetic complexity of mitochondrial DNA indicate 
that its informational content is quite limited.?° Mi- 
tochondrial DNA codes for mitochondrial ribosomal 
RNA, 36 for mitochondrial t-RNAs**-89 and for only 5 
to 10 percent of the proteins present in mitochon- 
dria. All other mitochondrial proteins are synthe- 
sized outside the mitochondria by cytoplasmic ribo- 
somes that use information derived from the nuclear 
DNA. Thus the synthesis and assembly of mitochon- 
dria require the integration of genetic information 
derived from nuclear and mitochondrial DNA and 
the assembly of proteins synthesized within and out- 
side the mitochondrion. All of these systems must 
respond in a concerted fashion to increase mitochon- 
drial mass when the work load of the heart is in- 
creased. 

Mitochondrial turnover in normal heart: Alter- 
ations in the rates of degradation also contribute to 
change in mitochondrial mass.?3:24:40 Mitochondrial 
components normally turn over rapidly. It is now ap- 
parent that different components of the mitochon- 
dria may turn over independently. For example, the 
proteins of the inner and outer mitochondrial mem- 
branes turn over at different rates.41 Furthermore, 
some enzymes localized in the mitochondrial matrix 
(for example, 6-aminolevulate synthetase*? and orni- 
thine transcarbamylase) have very rapid turnover 
rates43:44; these proteins obviously can be synthe- 
sized and destroyed independently of the rest of the 
mitochondrion. However, the evidence is rather 
strong that the components of a large portion of the 
inner mitochondrial membrane of heart and other 
tissues turn over with identical half-lives, suggesting 
that they may be synchronously assembled and de- 
stroyed.2° Thus mitochondrial DNA,*® cytochrome c 
and heme aag in heart,#® and cytochrome b47 and 
cardiolipin (G.S. Getz, unpublished data) in liver all 
turn over with half-lives of 5 to 6 days. 

Measurements of turnover in vivo are made by in- 
jecting a labeled precursor of the component to be 
measured into an animal. In the steady state, the 


rates of synthesis and degradation are equal, and the 
tissue content of that component remains constant. 
When the component is isolated and purified, the 
rate at which its specific radioactivity declines gives 
a measure of turnover. If, however, there is accumu- 
lation of that constituent (as during the development 
of ventricular hypertrophy), a decrease in specific 
activity will be observed which is attributable to en- 
hanced synthesis from unlabeled precursors. To 
measure turnover, it is therefore necessary to deter- 
mine both the total amounts of the component and 
the rate of decline of its radioactivity. Two factors 
may complicate turnover measurements; reutiliza- 
tion of labeled precursors derived from destruction of 
myocardial components, and persistence of signifi- 
cant levels of labeled precursors in the cell. Both of 
these factors lead to reincorporation of radioactivity 
into the protein, a phenomenon that leads to an un- 
derestimation of the turnover rate. Reutilization is 
indeed a very serious problem in all studies of the 
turnover of myofibrillar proteins in normal and hy- 
pertrophied hearts. Fortunately, a suitable precursor 
is available to investigate the turnover of mitochon- 
drial cytochromes; reutilization is therefore not a 
problem in the study of mitochondrial turnover. The 
precursor 3H 6-aminolevulinic acid is specifically 
incorporated into the heme group of cellular cyto- 
chromes.4? The 6-aminolevulinic acid is rapidly re- 
moved from the cellular pool and results in an effec- 
tive pulse label of cytochrome hemes.?? Finally, the 
labeled heme is degraded to bilirubin and cannot be 
reutilized. The turnover of mitochrondrial hemes ap- 
pears to reflect accurately the turnover of the respec- 
tive cytochrome. 

Figure 1 shows that the specific activities of rat 
heart cytochrome c and of the heme aaz of cyto- 
chrome oxidase, both labeled with 3H 6-aminolevuli- 
nic acid, decrease exponentially with a half-life of 
51/2 to 6 days. The exponential decay indicates a 
random destruction of these cytochromes; that is, all 
molecules have an equal chance of being destroyed 
whether or not they are newly synthesized. 

Mitochondrial accumulation and turnover in 
hypertrophying heart: After imposition of a work 
load on the heart by constriction of the ascending 
aorta, heart size rapidly increases. The content of 
cardiac cytochromes increases proportionately greater 
than the rest of the cellular proteins in early hy- 
pertrophy (1 day), but by the third day after band- 
ing cytochrome c (Table I) and cytochrome b, c, and 
aaz, content per milligram of myocardial protein be- 
gins to decrease. These observations are the chemical 
counterparts of the quantitative electron microscopic 
observations described by Page?® in this Symposium. 

Synthesis of mitochondrial proteins and nucleic 
acids increases during work-induced hypertrophy. 
We sought to determine if degradation is also signifi- 
cantly altered.23:24 Cytochrome c was used as an in- 
dicator of the behavior of inner membrane compo- 
nents since inner membrane cytochromes appear to 
turn over as a unit. Cytochrome c can be easily 
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quantitated and can be labeled with 6-aminolevulinic 
acid, a suitable non-reutilizable precursor. Cyto- 
chromes were labeled 3 days before aortic constric- 
tion, and cytochrome c was isolated from banded 
and sham-operated rats 1 and 3 days after operation. 
Figure 2 shows that the total radioactivity in cyto- 
chrome c is greater in hypertrophied hearts, indicat- 
ing a decrease in the rate of destruction during the 
earliest period of cardiac enlargement. Great care 
must be taken in carrying out these experiments to 
prevent excessive hypoxia during surgery since hyp- 
oxia itself may lead to a significant mitochondrial 
destruction.*% 

Thus, we may conclude that decreased destruction 
of mitochondrial inner membrane cytochromes, as 
well as increased synthesis of these components, is 
responsible for their increase early in the course of 
ventricular hypertrophy. 


Synthesis and Turnover of Myofibrillar Proteins 


Measurement of rates of protein synthesis: Pro- 
teins are synthesized on polysomes, which are aggre- 
gates of ribosomes strung along a strand of messen- 
ger RNA. The messenger RNA is “transcribed” from 
the genetic material, DNA, by the enzyme RNA 
polymerase. The base sequence of messenger RNA is 
“translated” into proteins having a defined amino 
acid sequence on the ribosome. Sequences of 3 bases 
(triplet codons) in messenger RNA direct the bind- 
ing of individual aminoacyl t-RNA’s to the ribo- 
some. Here the amino acids are polymerized into 
proteins by initiation, elongation and termination 
enzymes. 

Considerable information about the details of 
myofibrillar protein synthesis has been obtained 
from studies of isolated ribosomes. For example, 
polysomal aggregates associated with the synthesis of 
the heavy chains*95! and the light chains50-51 of 
myosin have been isolated and characterized from 
embryonic muscle. Heywood and Nwagwu®? have 
also been able to purify the presumptive messenger 
RNA coding for the myosin heavy chain of skeletal 
muscle. This is one of the few mammalian messenger 
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FIGURE 1. Turnover of heme a(@) and cytochrome c(QD) la- 
beled with *H-5-aminolevulinic acid in rat heart mitochondria. 
For heme a, half-life was 5.9 days; for cytochrome c, half-life 
was 5.8 days. DPM = disintegration per minute. Reprinted by 
permission from Aschenbrenner et al.*® 
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chromes were labeled with *H-5-aminolevulinic acid 3 days be- 
fore operation. 4 mean + standard error of hypertrophied 
hearts; A mean + standard error of control hearts. Reprinted 
by permission from Albin et al.?3 -24 
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RNA’s that has been isolated. However, studies of 
protein synthesis and degradation in the adult heart 
are more difficult. Specific ribosomal aggregates syn- 
thesizing myosin have not been isolated, probably 
because of the severe mechanical disruption required 
to homogenize the adult heart. Furthermore, mea- 
surements of the rate of protein synthesis are com- 
plicated by difficulty in measuring the specific ac- 
tivities of the precursor. It has still not been estab- 
lished whether or not the free amino acid pool of the 
cardiac cell is in rapid equilibrium with the immedi- 
ate precursor of myofibrillar protein synthesis, pre- 
sumably aminoacyl t-RNA. In skeletal muscle, 
Hider et al.°* have presented evidence for direct in- 
corporation of amino acids into protein from the 
extracellular space. This mechanism would bypass 
the intracellular pool of amino acids, presumably by 
way of (an as yet unidentified) membrane-bound 
compartment. On the other hand, Morgan and col- 
leagues*4 found that the intracellular free amino acid 
pool is on the direct path of protein synthesis in the 
perfused rat heart, but they could not exclude the 
possibility of compartmentalization of the intracellu- 
lar pool. In this connection, Righetti et al.55 have 
shown in HeLa cells that the specific activity of fer- 
ritin induced by the addition of iron to the cells is 
considerably less than that of the intracellular amino 
acid pool, indicating not only considerable reutiliza- 
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tion, but also compartmentalization of the free 
amino acid pool. Valid measurements of the synthet- 
ic rate of myofibrillar proteins must therefore await 
detailed kinetic measurements of the labeling of free 
amino acids and aminoacyl t-RNA, the immediate 
precursor of protein synthesis. If there is also com- 
partmentalization of t-RNA pools within the cell, no 
valid measurement of synthetic rates may be possi- 
ble by currently available methods. Despite these 
limitations, it does appear that there is an apprecia- 
ble increase in the rate of synthesis of myosin after 
aortic constriction. If one assumes that the free 
amino acid pool acts as a myosin precursor, myosin 
synthesis is increased in rabbits®® and rats.57 Fur- 
thermore, general indicators of the levels of protein 
synthesis, that is, ribosomal RNA content,1-3»8 RNA 
polymerase activity and rate of RNA synthesis,9+58 
are also markedly increased at this time. Protein 
synthesis appears to be controlled at the transcrip- 
tional level, that is, synthesis of RNA, since actino- 
mycin D, which blocks DNA-dependent RNA syn- 
thesis, prevents the appearance of hypertrophy.*°* 6° 
This conclusion must be considered tentative, 
however, because of the severe systemic effects of 
this drug and because it is not completely specific in 
its action. 

Measurement of turnover of myofibrillar pro- 
teins: Measurements of turnover of myofibrillar pro- 
teins are even more difficult to interpret than mea- 
surements of synthesis because no suitable non-re- 
utilizable precursor is available.14* C-arginine labeled 
in its guanido group is a very poorly reutilized pro- 
tein precursor in liver,®! because arginase rapidly 
converts the label into urea which is excreted in the 
urine. However, in the heart arginase appears not to 
be present, so that reutilization is not prevented. For 
this reason all measurements of myofibrillar protein 
turnover reported thus far probably underestimate 
the turnover rate, since synthesis of new protein 
from labeled amino acids derived from degradation 
would lead to an apparent increase in the measured 
half-life. 

Considering these limitations, attempts were made 
to estimate the turnover rates of myofibrillar pro- 
teins relative to each other. Apparent half-lives of 
several myofibrillar proteins measured by using °H- 
leucine or 14C-guanidoarginine (Fig. 3), both reutil- 
ized in the heart, are 10 to 12 days, corrected for new 
synthesis.®2 The true half-life is probably in the 
range of 8 to 10 days. Similar results were obtained 
when the double isotope technique of Schimke et 
al.63 was used to measure the relative half-life of 
myofibrillar proteins.®2 In this method, *H-amino 
acid is injected at zero time, and 10 and 17 days 
later the 14C form of the same amino acid is admin- 
istered. After a suitable time (2 days) the animals 
are killed and the myofibrillar proteins are purified. 
The *H/?4C ratio gives a comparative measure of the 
half-life of the proteins. As seen in Table II, the 3°H/ 
14C ratios for myosin and its light chains, actin, tro- 
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pomyosin and troponin are all essentially identical, 
and differ significantly from the corresponding ratios 
for mitochondrial proteins, which turn over more 
rapidly. 

It is also clear from Figure 3 that the specific ra- 
dioactivity of the myofibrillar proteins declines expo- 
nentially, indicating random destruction. Morkin®4 
has shown by radioautography that newly synthe- 
sized myofibrillar proteins in rat diaphragm appear 
to be assembled at the periphery of the myofibril. In 
the heart, myofibrils form a complex network and it 
is difficult to define the surface.65 The possible 
mechanisms responsible for random destruction of 
myofibrillar proteins are discussed later. Similar 
turnover rates of the different myofibrillar proteins®? 
suggest unit assembly and degradation, but may 
only represent coincidentally similar turnover rates. 

After aortic constriction, several laboratories have 
observed a decrease in the rate of decay of both the 
specific activity and total radioactivity in cardiac 
myosin.56:57 This decline could be due to a decreased 
rate of degradation, as appears to be the case for mi- 
tochondrial protein, or to increased efficiency of reu- 
tilization, or to both processes. The true cause for 
the decline in decay has not been completely re- 
solved. Analysis of the rate of #H-lysine incorpora- 
tion into myosin, specific activity of the free amino 
acid pool and amount of myosin accumulated led 
Morkin et al.66 to conclude that reutilization is 
largely responsible for this observation. Uncertainties 
regarding the true precursor pool leave open the pos- 
sibility that a decreased rate of degradation may also 
participate. 

On a priori grounds it might be reasonable to pos- 
tulate that synthetic and degradative rates of protein 
would be inversely related. More efficient accumula- 
tion or removal would be possible if degradation is 
decreased during periods of rapid synthesis, and if 
synthesis is inhibited during periods of rapid degra- 
dation of proteins. In fact, in bacteria protein syn- 
thesis and degradation may be related in this way. It 
has been postulated, and evidence has been offered 
by Goldberg,®’? that both processes may be con- 
trolled by the level of aminoacylation of the t-RNA. 
Processes that decrease aminoacylation tend to de- 
crease synthesis and increase degradation. This 
mechanism has not yet been established in higher 
organisms, although Goldberg has presented evi- 
dence (also subject to problems of interpretation be- 
cause of reutilization) that a reciprocal relation ex- 
ists between synthesis and degradation during skele- 
tal muscle hypertrophy and atrophy. 


Mechanisms Controlling Protein Synthesis and 
Degradation 


Possible mechanisms stimulating protein syn- 
thesis: Although considerable information has been 
accumulated describing the biochemical and cytolog- 
ic changes in the hypertrophied cardiac muscle cell, 
little is known about the mechanisms by which the 


TABLE Il 


Relative Turnover Rates of Rat Heart Myofibrillar Proteins 
Using the Double Isotope Technique of Schimke et al."° 


Ratio °H/14C 


Experiment |: 
14C-Leu First 


Experiment II: 
H-Leu First 





10 days 17 days 9 days 14 days 








Protein Fraction 


Myofibrils 1.32 2.00 3.76 2.00 
Myosin 1.29 1.82 3.68 1.96 
Actin 1.29 1.92 3.84 1.96 
Tropomyosin 1.29 1.98 3.52 2.08 
Troponin 1.26 ast 3.67 1.80 
x + AS* 1.47 2.13 3.93 2.16 

1.11 1:73 3.45 1.76 


* Ninety percent confidence limits for 95 percent of popula- 
tion. 

In Experiment |, 40 „Ci !*C-leucine (Leu) was given to rats at 
zero time; 10 and 17 days later 100 „Ci *H-leucine was adminis- 
tered. The rats were killed 2 days later, the myofibrillar proteins 
purified, and the *H/C ratios measured. The sequence of 
administration of labeled leucine was reversed in Experiment 
ll, and the dosage and time schedule was somewhat modified. 
Reprinted by permission from Zak eta'.°” 


physiologic stimulus initiates the integrated growth 
response. 

Among the hypotheses suggested are the following: 
(1) Increased work demands lead to a local tissue 
hypoxia and depletion of energy stores with an accu- 
mulation of metabolites that in turn induce or dere- 
press the synthetic process29:®8-69; (2) increased wall 
tension or hypoxia results in a “wear and tear ef- 
fect,” leading to the breakdown of macromolecules 
with the release of substances that stimulate 
growth”®; (3) stretch of the muscle cell secondary to 
enhanced preload or afterload results in the aug- 
mented synthesis; and (4) humoral or hormonal 
factors initiate the hypertrophy. The hypoxia hy- 
pothesis is based on the clinical observation that 
ischemia, and presumably chronic hypoxia secondary 
to coronary arterial disease, are often associated with 
hypertrophy. Furthermore, all the various types of 
increased workload increase the oxygen demands of 
the muscle. Hypoxia has been shown to promote the 
formation of new capillaries in’ heart muscle,‘? to 
stimulate growth in tissue cultures?’ and to stimu- 
late RNA synthesis in the perfused heart.** Evidence 
for very early preferential synthesis of mitochondria 
in adaptive cardiac growth lends some support to 
this hypothesis. If hypoxia really is the stimulus for 
adaptive cardiac growth, it must operate over a nar- 
row range of oxygen tension since severe hypoxia 
with diminution in energy stores has been shown to 
inhibit rather than stimulate protein synthesis in the 
isolated perfused heart” and in isolated atria.?® 

There is no evidence for the participation of mac- 
romolecular breakdown (the wear and tear effect) in 
initiation of the growth process. Although a transient 
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destruction of mitochrondrial components has been 
observed immediately after aortic constriction, the 
effect was inconsistent, and may have been the re- 
sult of hypoxia during the operative procedure.??:?4 
Hypoxia has been shown to result in mitochondrial 
destruction in the heart.*® 

Several examples of enhanced muscle growth re- 
sulting from stretch have been described. Insertion of 
a rubber ball into the uterine cavity produces an in- 
creased incorporation of precursors into RNA and 
protein, and stimulates muscle growth.!° Similarly, 
denervation of a rat hemidiaphragm results initially 
in its hypertrophy, presumably because the muscle is 
passively stretched by the contralateral hemidia- 
phragm.77:78 Elimination of the stretch stimulus by 
denervation of both diaphragms, or by costotomy, 
prevents the hypertrophy.1®:77 Electron microscopy 
has shown that the shape of myocardial nuclei 
changes during the contraction-relaxation cycle.79 
Such deformations or alterations in the spatial rela- 
tions of myocardial subcellular components could 
conceivably activate biochemical processes and ini- 
tiate growth. 

One possible mechanism by which increased 
stretch may be translated into increased protein syn- 
thesis is by altering the properties of the plasma 
membrane to enhance the transport of precursors of 
protein and RNA synthesis. Passive stretch increases 
uptake of a-aminoisobutyric acid (AIB) into papillary 
muscle,’! and the in vitro incorporation of 14C-leu- 
cine into proteins is considerably increased by 
stretching the levator ani and extensor digitorum 
longus muscles.8° Similarly, cardiac hypertrophy is 
associated with increased uptake of AIB81 and of 
proline,?? and with increased intracellular amino 
acid concentrations.®2:83 Increasing the concentra- 
tions of intracellular amino acids in the perfused 
heart leads to an increased rate of protein synthe- 
sis.54 In ventricles of hypertensive rats Wannemach- 
er and McCoy®? found a positive correlation between 
the incorporation of radioactive leucine into heart 
proteins and the free amino acid concentration. Of 
interest with regard to a possible mechanism by 
which amino acids can stimulate protein synthesis is 
the observation that nuclear DNA-dependent RNA 
polymerase in Ehrlich ascites tumor cells is activated 
by increased amino acid levels. Only synthesis of ri- 
bosomal RNA is affected.*4 

No hormonal agent responsible for cardiac growth 
has been isolated, although it is established that 


adrenocortical, thyroid and growth hormone enhance 
hypertrophy induced by pressure or by isoproterenol, 
perhaps by their secondary hemodynamic effects. 
These hormones do not appear to be essential to car- 
diac or skeletal muscle hypertrophy. 

Control of intracellular protein breakdown: The 
mechanisms controlling intracellular protein break- 
down are more obscure than those responsible for 
control of protein synthesis. We may conclude from 
the first order kinetics by which intracellular pro- 
teins are degraded (Fig. 2 and 3) that destruction is 
random. This conclusion eliminates the possibility 
that aging of protein molecules leads to their de- 
struction. The large variation in degradation rates of 
different intracellular proteins and the fact that deg- 
radation rates of individual proteins may be altered 
physiologically may be explained by 2 alternative 
general mechanisms.®° Changes produced in the con- 
figuration of the protein when it binds to cofactors or 
substrates might greatly alter the rate of its degrada- 
tion by proteolytic enzyme systems. Alternatively 
the activity of the proteolytic systems themselves 
may be changed. Lysosomes contain a variety of acid 
proteases and probably participate in protein degra- 
dation; however, lysosomes are more likely to be 
involved in autophagy of discrete areas of cytoplasm. 
They may participate in the gross changes in cardiac 
mass or cell organization that occur during regres- 
sion of hypertrophy or after ischemic damage. The 
unit destruction of the mitochondrial inner mem- 
brane and perhaps of myofibrillar units could be due 
to lysosomal activity. The energy shown to be neces- 
sary for protein breakdown in a variety of systems®? 
may be required to maintain the structural integrity 
and low internal pH level of the lysosomes. Other 
proteolytic systems, perhaps multiple neutral pro- 
teases with greater degrees of specificity than lyso- 
somes, may account for the heterogeneous degrada- 
tion rates of other cell proteins. For some enzymes in 
animals and bacteria there is evidence for destruc- 
tion by proteolytic systems which themselves are 
rapidly turning over. Inhibition of RNA or protein 
synthesis leads to a decline in the rate of destruction 
of these enzymes. 

It is apparent that our understanding of the pro- 
cess and regulation of protein degradation is still 
fragmentary. However, alterations in protein degra- 
dation may be as important as changes in protein 
synthesis in maintaining the composition of intracel- 
lular constituents. 
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of calcium from intracellular stores, and that the 
slow tension response is related to the entry of calci- 
um from outside the cell. The clamp voltage at 
which twitches are first seen in the sheep Purkinje 
fiber is much more negative than the threshold volt- 
age of —20 mv for activating the calcium inward cur- 
rent reported by Fozzard and Hellam?° and Reu- 
ter.25 Similarly, Ochi®® observed a threshold for slow 
inward (calcium) current of approximately —30 mv 
in guinea pig papillary muscles, whereas the thresh- 
old for twitches was nearer —60 mv in the same tis- 
sue.34 From these and other observations to be de- 
scribed later, it seems unlikely that calcium inward 
current during a depolarization supplies directly 
most of the calcium responsible for the twitch associ- 
ated with that depolarization. Most of the calcium 
responsible for the twitch must therefore come from 
the internal stores. One should not, of course, rule 
out the possibility that ica contributes directly to 
twitch tension at the more positive voltages, nor the 
interesting possibility, suggested by the work of Ford 
and Podolsky,?? that entry of small amounts of calci- 
um is an important part of the mechanism by which 
depolarization causes the release of internally stored 
calcium. 

The connection between ica and the slow tension 
response appears to be more direct. Some investiga- 
tors?9.31.34 have concluded that the slow response 
represents a balance between the continuing entry of 
calcium through the cell membrane by way of ica 
and removal of calcium from the region of the myofi- 
brils by the sarcoplasmic reticulum or extrusion from 
the cell, or both. The slow tension response becomes 
apparent only at voltage levels at which substantial 
inward current is activated.33:35 Additional sugges- 
tive evidence is that when the membrane has been 
clamped into a voltage range at which there is a sub- 
stantial slow response, suddenly clamping the volt- 
age back to the resting potential level may provoke a 
transient increase in the tension rather than immedi- 
ate relaxation.29:32 The interpretation of this phe- 
nomenon is that strong depolarizing clamps may 
bring the membrane voltage to a level at which the 
force driving calcium into the cell is small, and at 
the same time calcium permeability is high. Since 
the calcium permeability will not change immediate- 
ly after a change of membrane voltage, the sudden 
increase in the driving force on calcium that occurs 
when the muscle is repolarized should then lead to a 
large influx of calcium. This influx then results in 
the “break” response. 

A second and perhaps more important role of ica 
(in addition to the part it may play in the generation 
of the slow response) is the maintenance or replen- 
ishment of the calcium level of the internal stores. 
Beeler and Reuter? tested the voltage-tension rela- 
tion in dog ventricular muscle by imposing trains of 
voltage clamps at each test voltage. Under these 
conditions, the twitch response in the steady state 
was very small unless the clamps were to a voltage 
level sufficient to activate (turn on) ica. When the 
voltage of clamps in a train was altered, peak ica 


changed on the first beat, but several beats were re- 
quired for twitch tension to reach a new steady state. 
Other workers have also observed that there is a lag 
of several beats after a maneuver that alters mem- 
brane voltage and currents before tension reaches a 
new steady state.31.34.38 [t seems clear that ica is im- 
portant for maintaining the intracellular stores of 
calcium, and could be the basis for the staircase ef- 
fects (treppe) and other frequency-dependent 
phenomena that have intrigued cardiac physiolo- 
gists. 39 

This role of the calcium current explains why there 
may be confusion in the interpretation of experi- 
ments. If the size of the internal calcium store can 
vary from beat to beat, then the relation between 
twitch tension and membrane voltage also changes 
from beat to beat, and the voltage-tension relation 
one sees may thus depend strongly on the choice of 
experimental conditions and protocol. Although the 
number of papers on the topic chosen for review is 
small, this opportunity for confusion has been fully 
exploited, and there have been almost as many 
choices of experimental conditions as there have 
been publications. For this reason, quantitative com- 
parisons of results from different laboratories are dif- 
ficult to make, especially if the experimental proto- 
col is not explicitly given. 


Twitch Response 


If the membrane is clamped after a long rest to 
an internal voltage less negative than that of the 
resting potential, the voltage range at which 
twitches of sheep Purkinje fibers are first seen 
is about —55 to —70 mv.?5.33 Gibbons and Fozzard*3 
observed a steep dependence of peak twitch tension 
on voltage for clamp voltages between —60 and —30 
mv (Fig. 3). The voltage-tension curve then flattened 
out somewhat, but for clamps to voltages of —10 mv 
or higher there was again an increase in twitch ten- 
sion as clamp voltage was increased. Ochi and 
Trautwein?* examined the voltage-tension relation in 
guinea pig papillary muscles under conditions in 
which a train of action potentials was continued 
until steady-state contractions were obtained. This 
steady state was then interrupted by a train of test 
clamps at the same frequency. They plotted the ten- 
sion response to the first clamp in the train as a 
function of the clamp voltage and obtained a thresh- 
old for contraction and a voltage-tension relation 
similar to that described for the sheep Purkinje fiber. 

When Beeler and Reuter?? tested the voltage-ten- 
sion relation in dog ventricular muscle by the train 
of voltage clamps described earlier, they saw very 
small twitches at voltage levels below the threshold 
for ica, and the twitches did not become large until 
voltages were reached at which ica was activated 
(about 35 mv). Although this finding could indicate 
a species difference, an alternative interpretation 
would be that intracellular calcium stores were de- 
pleted by a train of clamps if the plateau voltage of 
clamps in the train was too negative to activate the 
inward calcium current. Conversely, large tensions 
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would be obtained at more positive voltages when ica 
is large. The net effect would be to depress the volt- 
age-tension curve at voltages more negative than 
—30 mv and to exaggerate the slope of the curve at 
voltages more positive than the threshold for ica. 
The data of Ochi and Trautwein** tend to confirm 
this interpretation, since the illustration of their ex- 
perimental protocol shows that they obtained a neg- 
ative staircase when they interrupted a train of ac- 
tion potentials by a train of clamps, if the voltage of 
the clamps in the train was more negative than —24 
mv. They obtained no staircase at —24 mv, and a 
positive staircase for more positive voltages. Had 
they chosen to plot the steady-state tension versus 
voltage, rather than the tension response to the first 
clamp in the train, they obviously would have ob- 
tained a voltage-tension relation more like that re- 
ported by Beeler and Reuter. A corollary of this in- 
terpretation is that the second rise in the voltage- 
tension relations found by both Ochi and Traut- 
wein34t and Gibbons and Fozzard** was due to a con- 
tribution of ica. If this observation is correct, it 
would indicate that ica can contribute directly to 
tension, in addition to filling internal calcium stores. 
In the experiments examining the contractile be- 
havior of sheep Purkinje fibers, Gibbons and Foz- 
zard33 found that the threshold for twitch tension, 
the position of the voltage-tension curve on the volt- 
age axis, and the shape of the curve were dependent 
on the resting membrane voltage (Fig. 4). In addi- 
tion, they found that it was possible to “inactivate” 
the contractile mechanism by depolarization, with- 
out the appearance of tension. After a contraction 





FIGURE 3. A, relation between membrane 
voltage established by 500 msec depolariz- 
ing clamps and the peak tension of the re- 
sulting contractions. The membrane voltage 
between clamps was —67 mv (indicated by 
the arrow on the abscissa). Tests were 
made at 90 second intervals; the numbers 
next to the experimental points indicate the 
order in which the observations were made. 
B, 4 records of voltage (upper tracing) and 
tension (lower tracing) from this experiment. 
The numbers in the upper left of each record 
correspond to thcse on the experimental 
points in A. The white lines in the upper right 
of each record indicate —25 mv; those in 
the lower right indicate —75 mv. (Reprinted 
from Gibbons and Fozzard** by permission 
(B) of The American Heart Association, Inc.) 


had occurred in response to a voltage clamp, the 
muscles recovered the ability to contract again, but 
recovery did not begin until the muscle had been 
repolarized. Recovery was not complete unless the 
voltage was clamped back to a value near that of the 
resting potential. These data, together with the 
phasic nature of the twitch, led them to a conclusion 
similar to that reached by Wood et al.31 on the basis 
of experiments in which the electrical activity of 
sheep and calf ventricular muscles were altered by 
constant current pulses. The conclusion is that after 
depolarization has caused the release (and entry) of 
calcium, the calcium is removed from the myofila- 
ments, possibly by the longitudinal elements of the 
sarcoplasmic reticulum, but in any event not by the 
same sites or structures in which it was stored before 
the depolarization-induced release. The removal of 
calcium from the myofilaments causes relaxation of 
the twitch. Recovery of the ability to generate ten- 
sion in response to a depolarization would then be 
the process by which the calcium is returned to the 
original storage site, where it is again available for 
release. 

The degree to which recovery occurs is voltage- 
dependent. Beeler and Reuter’? and Gibbons and 
Fozzard33 obtained almost identical sigmoid curves 
relating recovery to “diastolic” membrane potential 
(Fig. 5). There was little recovery if the membrane 
voltage between 2 clamps was more positive then 
—30 mv, and complete recovery occurred if the mus- 
cles were repolarized to a voltage more negative than 
—70 mv. If the lack of quantitative agreement be- 
tween laboratories and between muscles from differ- 


188 February 1973 The American Journal of CARDIOLOGY Volume 31 


10. 


Ti: 


12. 


13. 
14. 


15. 


16. 


af: 


18. 


19, 
20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 





' MYOCARDIAL PROTEIN SYNTHESIS and TURNOVER—RABINOWITZ 


! 


heart weight, RNA content, and nuclear RNA polymerase 
activity. Circ Res 23:451-462, 1968 


. Koide T, Rablnowitz M: Biochemical correlates of cardiac 


hypertrophy. 2. Increased: rate of RNA synthesis in experi- 
mental cardiac hypertrophy in the rat. Circ Res ik 9-18, 
1969 


Page E, McCalllster LP: A quantitative electron ETENE 


description of heart muscle cells: application to normal, hy- 
pertrophied .and thyroxin-stimulated hearts. Amer J Cardiol 
31:172-181, 1973 

Chance B, Williams GR: The respiratory chaln and oxidative 
phosphorylation. Advances Enzym 17:65-134, 1955 


Coleman HN, Sonnenblick EH, Braunwald E: Myocardial . 


oxygen consumption associated with external work: the 
Fenn effect. Amer J Physiol 217:291-297, 1969 

Feng TP: The thermo-slastic properties of muscle. J Physiol 
74:455-470, 1932 

Feng TP: The effect of length on the resting metabolism of 
muscle. J Physiol 74:441-454, 1932 
Csapo A, Erdos T, DeMattos CR, et al: 
uterine growth, protein synthesis and function. 
207:1378-1379, 1965 

Feng TP, Lu DX: New light on the phenomenon of transient 
hypertrophy in the denervated heml-diaphragm of the rat. 
Sci Sinica (Peking) 14:1772-1784, 1965 

Nakai J: Skeletal muscle in organ culture. Exp Cell Res 
40:307-315, 1965 

Zak R, Dowell T, Martin AF, et al: Protein synthesis in 
work-overloaded myocardium. In, Colloque les Surcharges 
Cardiaques (Heart Overloading) (Hatt PY, ed). Inserm, 
Paris, France. 1972, p 283-295 

Epshtein SF, Kastriking TF: Nucleic acids in functionally dif- 
ferent muscles. Ukr Biokhim Zh 36:527-535, 1964 

Goldberg AL: Protein synthesls in tonic and phasic skeletal 
muscles. Nature 216:1219-1220, 1967 

Rabinowitz M, Aschenbrenner V, Albin R, et al: Synthesis 
and turnover of heart mitochondria in normal hypertrophied 
and hypoxic rat. In Ref 4, p 283-299 

Fizelova A, Fizel A: Cardiac hypertrophy and heart fallure: 
dynamics of changes in proteins and nucleic acids. J Mol 
Cell Cardiol 1:389-402, 1970 

Albin R, Dowell T, Zak R, et al: Synthesis and turnover of 
cytochrome c In cardiac hypertrophy. Cire Res, in press 

Albin R: Cardiac mitochondrial biogenesis during acute car- 
diac hypertrophy in Sprague-Dawley rat. PhD thésis, Uni- 
versity of Chicago, 1971, p 125 

Dart ChH, Holloszy JO: Hypertrophied non-failing rat heart: 
partial biochemical characterization. Circ Res 25:245-255, 
1969 

Osca! LB, Mole PA, Bret B, et al: Cardiac growth and respi- 
ratory enzyme levels in male rats subjected to a running 
program. Amer J Physiol 220:1238-1241, 1971 

Zak R, Fischman DA: Studies on protein synthesis In heart 
muscle during development and in experimentally produced 
hypertrophy. In Ref 4, p 247-257 

Shahab L, Wollenberger A: Amino acid incorporation into 
mitochondria from hypertrophying hearts of rats with aortic 
constriction. J Mol Cell Cardiol 1:143-155, 1970 

Meerson FZ: The role of mitochondrial biogenesis in the 
heart adaptation to the prolonged load. In Ref 18, p 301-306 
Rabinowitz M, Swift H: Mitochondrial nucleic acids and 
their relation to the biogenesis of mitochondria. Physiol Rev 
50: 376-427, 1970 

Rabinowitz M: Extranuclear DNA. Bull Soc Chim 50:311- 
348, 1968 

Rabinowitz M, Sinclalr J, DeSalle L, et al: Isolation of DNA 
from mitochondria of chick embryo heart and liver. Proc 
Nat Acad Sci USA 53:1126-1133, 1965 

sincialr JH, Stevens BJ: Circular DNA filaments from 
mouse mitochondria. Proc Nat Acad Sci USA 56:508-~-514, 
1966 

Sinclair JH, Stevens BJ, Gross NJ. et al: 
of circular mitochondrial DNA in several organisms and dif- 


Stretch Induced 
Nature 


The constant size l 


35. 
36. 


37. 


38. 


39. 


45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 


53. 


55. 
56. 


S7. 


February 1973 


. McKay R, Druyan R, Getz GS, et al: 


ferent organs. Biochim Biophys Acta 145:528-531, 1967 
Hollenberg CP, Borst P, Thuțing RWJ, et al: Size, structure 
and genetic complexity of yeast mitochondrial DNA. Bio- 
chim Biophys Acta 185:417+419, 1969 

Aloni Y, Attard! G: Expression of the mitochondria! genome 
in HeLa Cells. 2. Evidence for complete transcription of mi- 
tochondrial DNA. J Mol Biol 55: 251-270, 1971 

Nass MMK, Buck CA: Studies on mitochondrial transfer 
RNA from. animal cells. 2. Hybridization of aminoacyl-tRNA 
from rat liver mitochondria with heavy arid light comple- 
mentary strands of mitochondrial DNA. J Mol Blo! 54:187- 
198, 1970 

Halbreich A, Rabinowitz M: Isolation of Saccharomyces 
cerevisiae mitochondria! formyltetrahydrofolic acid: meth- 
lonyl-tRNA transformylase and the hybridization of mito- 
chondrial fMet-tRNA with mitochondrial DNA. Proc Nat 
Acad Sci USA 68:294-298, 1971 

Casey J, Cohen M, Rabinowitz M, et al: Hybridization of mi- 
tochondrlal transfer RNA’s with mitochondrial and nuclear 
DNA of grande (wild type) yeast. J Mol Biol 63:431-440, 
1972 


. Gross NJ: Control of mitochondrial turnover under the influ- 


ence of thyroid hormone. J Cell Biol 48:29-40, 1971 


. DeBernard B, Gétz GS, Rabinowitz M: The turnover of the 


protein of the inner and outer mitochondrial membrane of ` 
rat liver. Blochim Biophys Acta 193:58-63, 1969 
intramitochondria! io- 
calization of 6-aminolaevulate synthetase and ferrochelatase 
in rat liver. Blochem J 114:455-461, 1968 


. Marver HS, Tschudy DP, Perlroth MG, et al: 6-Aminolevulinic 


acid synthetase. 1. Studies in fiver homogenates. J Biol 
Chem 241:2803-2809, 1966 


. Swick RW, Rexroth AK, Stange JL: The metabolism of mito- 


chondrial proteins. 3. The dynamic state of rat liver mito- 
chondria. J Biol Chem 243:3581-3587, 1968 

Gross NJ, Getz GS, Rabinowitz M: Apparent turnover of mi- 
tochondrial DNA and mitochondrial phospholipids in the 
tissues of the rat. J Bio] Chem 244:1552-1562, 1969 
Aschenbrenner V, Druyan R, Albin R, et ai: Heme a, cyto- 
chrome c and total proteln turnover In mitochondria from 
rat heart and liver. Blochem J 119:157-160, 1970 

Druyan R, DeBernard B, Rabinowitz M: Turnover of cyto- 
chromes labeled with 6-aminolevullnic acid-3H in rat liver. J 
Blol Chem 244:5874-5878, 1969 

Aschenbrenner V, Zak R, Cutllletta AF, et al: ‘Effect of hyp- 
oxia on degradation of mitochondrial components in rat 
cardiac muscle. Amer J Physiol 221:1418-1425, 1971 
Heywood SM, Rich A: In vitro synthesis of native myosin, 
actin and tropomyosin from embryonic chick polyribo- 
somes. Proc Nat Acad Sci USA 59:590-597, 1968 

Sarkar $, Cooke PH: In vitro synthesis of light and heavy 
polypeptide chains of myosin. Blochem Blophys Res Com- 
mun 41:918-925, 1970 

Low RB, Vournakis JN, Rich A: Identification of separate 
polysomes active in the synthesis of the light and heavy 
chains of myosin: Biochemistry 10:1813-1818, 1971 
Heywood SM, Nwagwu M: Partial characterization of pre- 
sumptive myosin messenger ribonuclelc acid. Biochemistry 
8:3839-3845, 1969 

Hider RC, Fern EF, London DR: Relationship between Intra- 
cellular amino acids and protein synthesis in the extensor 
digitorum longus muscle of rats. Blochem J 114:171-178, 
1969 

Morgan HE, Earl DCN, Broadus A, et al: Regulation of pro- 
tein synthesis in heart muscle. 1. Effect of amino acid lev- 
els on protein synthesis. J Biol Chem 246:2152-2162, 1971 
Righetti P, Little EP, Wolf G: Reutilization of amino acids in 
protein synthesis in HeLa cells. J Biol Chem 246:5724- 
5732, 1971 

Kimata S, Morkin E, Skillman Jd: Myosin synthesis and deg- 
radation during development of cardiac hypertrophy (abstr). 
Clin Res 19:323, 1971 

Zak R, Aschenbrenner V, Rabinowitz M: Synthesis and deg- 


The American Journal of CARDIOLOGY Volume31 209 


MYOCARDIAL PROTEIN SYNTHESIS and TURNOVER—RABINOWITZ ` 


58. 


59. 


60. 


65. 
66. 
67. 


68. 
69. 


70, 


71. 


72. 


210 


. Schimke RT, Ganschow R, Doyle D, ot al: 


radation of myosin in cardiac hypertrophy (abstr). J Clin In- 
vest 50:102A, 1971 

Fanburg BL; Posner BI: RNA synthesis In experimental car- 
diac hypertrophy in rats. 1. Characterization and kinetics of 
labeling. Circ Res 23:123-135, 1968 

Zuhike V, DuMesnil de Rochemont W, Gudbjarnason S, et 
al: Inhibition of protein synthesis in cardiac hypertrophy and 
Its relation to myocardial failure. Circ Res 18:558-572, 
1966 

Morkin E, Garrett JC, Fishman AP: Effect of actinomycin D 
and hypophysectomy on development of myocardial hyper- 
trophy In the rat. Amer J Physiol 214:6-9, 1968 


. Swick RW, Handa DT: The distribution of fixed carbon in 


amino acids. J Biol Chem 218:577-585, 1956 


. Zak R, Rakitzis E, Rabinowitz M: Evidence for simultaneous 


turnover of four cardiac myofibrillar proteins (abstr). Fed 
Prot 30:1147A, 1971. — > 

Regulation of 
protein turnover in mammalian tissues. Fed Proc 27:1223- 
1230, 1968 


. Morkin E: Postnatal muscle fibér assembly: localization of 


newly synthesized myofibrillar proteins. Sclence 167:1499- 
1501, 1970 ° 

Fawcett DW, McNutt NS: The ultrastructure of the cat myo- 
cardium. 1. Ventricular papillary muscle. J Cell Biol 42:1- 
45, 1969 . 
Morkin E. Kimata S, Skillman JJ: Myosin synthesis and deg- 
radation during development of cardiac hypertrophy. Circ 
Res 30:690-702, 1972 

Goldberg AL: A role of aminoacyi t-RNA in the regulation of 
protein in Escherichia coll. Proc Nat Acad Sci USA 68: 
362-366, 1971 

Norman TD: The pathogenesis . si cardiac hypertrophy. 
Progr Cardiovasc Dis 4:439-463, 1962 

Badeer HS: Metabolic basis of cardiac hypertrophy. Progr 
Cardiovasc Dis 11:53-63, 1968 

Meerson FZ: Mechanism of hypertrophy of the heart and 
experimental prevention of acute cardiac insufficiency. Brit 
Heart J 33: suppl: 100-108, 1971 

Lesch M, Gorlin R, Sonnenblick EH: Myocardial amino acid 
transport In the Isolated rabbit right ventricular papillary 
muscle: general characteristics and effect of passive 
stretch. Circ Res 27:445-461, 1970 

Schaper W, DeBrabander M, Lewl P: DNA synthesis and 
mitoses in coronary collateral vessels of the dog. Circ Res 


73. 


74, 


75. 


76, 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


28:671-679, 1971 
Hollenberg M: Effect of oxygen on growth of cultured myo- 
cardlal cells. Circ Res 28:148-158, 1971 

Berry AJ, Kruger FA, Weissler AM: The stimulation. of myo- 
cardlal RNA synthesis by hypoxia (abstr). Circulation 
42:suppl 3:61, 1971 l 

Jefferson LS, Wolpert EF, Giber KE, et al: Regulation of 
protein synthesis In heart muscle. 3. Effect of anoxia on 
protein.synthesis. J Biol Chem 246:1271-2178, 1971 

Cohen J, Feldman RE, Whitbeck A: Effects of energy avall- 
ablilty on protein synthesis in Isolated rat atria. Amer J 
Physiol 216:76-81, 1969 

Zak R, Grove D, Rabinowitz M: DNA synthesis in the rat 
dlaphragm as an early response to denervation. _Amer J 
Physiol 216:647-654, 1969 

Gutmann E, Hanlkova M, Hajek I, et al: The postdenerva- 
tion hypertrophy of the dlaphragm. Physiol Bohemosiov 
15:508-521, 1986 

Bioom S, Cancilla PA: Conformational changes In myocar- 
dial nuciel of rats. Circ Res 24:189-196, 1969 . 

Buresova M, Gutmann E, Klicpera M: Effect of tension upon 
rate of Incorporation of amino acids into proteins of cross- 
striated muscle. Experientia 25:144-145, 1969 

Koide T, Ozeki K: increased amino. acid transport in experi- 
mentally hypertrophi ed rat heart. Jap Heart J 12:177-184, 
1971 

Skosey J. Zak R, Martin A, et al: Blochemical correlates of 
cardiac hypertrophy. 5. Labeling of collagen, myosin and 
nuclear DNA during experimenta! myocardial hypertrophy in 
the rat. Circ Res 31:145-157, 1972 l 
Wannemacher RW Jr, McCoy JR: Regulation of protein syn- 
thesis in the ventricular myocardium of hypertrophic hearts. 
Amer J Physiol 2168:781-787, 1969 

Franze-Fərnandez MT, Pogo AO: Regulation of the nucleo- 
lar DNA-dependent RNA polymerase by amino acids In 
Ehrlich ascites tumor cells. Proc Nat Acad Sci USA 
68:3040-3044, 1971 

Schimke RT, Doyle D: Control of enzyme. levels in animal 
tissues. Ann Rev Blochem 39:929-968, 1970 

DeDuve C, Wattraux R: Functlons of lysosomes. Ann Rev 
Physlol 28:435-492, 1966 

Schimke RT: Regulation of protein degradation In mamma- 
lian tissues. In, Mammalian Proteln Metabolism, vol 4 
(Munro HN, ed). New York, Academic Press, 1970, p 
177-228 i 


February 1973 The American Journal of CARDIOLOGY Volume 31 


Cell Proliferation During Cardiac Growth 


RADOVAN ZAK, PhD 


Chicago, Illinois 


From the Cardiology Section of the Depart- 
ment of Medicine and Department of Blo- 
chemistry, The University of Chicago Pritzker 
School of Medicine, and Argonne Cancer 
Research Hospital (operated by The Univer- 
sity of Chicago for the U. S. Atomic Energy 
Commission), Chicago, lil. This work was 
supported In part by U. S. Public Health Ser- 
vice Contract Ph-4368133 (Myocardial In- 
farction Research Unit), Grants HE-9172 and 
HE-4442 from the National Heart and Lung 
Institute, National Institutes of Health, and a 
grant from the Chicago and Illinois Heart 
Association. l 
Address for reprints: Radovan Zak, PhD, 
Department of Medicine, University of Chi- 
cago, Box 407, 950 E. 59th St., Chicago, IN. 
80637. 


During the embryonic development of the myocardium both undiffer- 
entlated cells and cells containing muscle-specific proteins di- 
vide. As the heart grows and approaches maturity, its muscle cells 
progressively lose thelr mitotic activity; myocardial cell enjargement 
then becomes the principal process by whlch the heart as a whole 
enlarges. ‘Mitotic figures in nuclei of heart muscle cells are frequent 
In the neonatal rat but become very rare at about the third month of 


postnatal life. Both in the developing and adult animal the work load 


is one of the determinants of cardiac size. The cytologic features of 
cardiac enlargement depend on the stage of development of the 


heart at the time when the stimulus to growth occurs. A work load 


imposed on embryonic or early neonatal hearts results in enlarge- 
ment characterized by an Increase in both ‘the number and size of 
myocardial cells. The adult heart enlarges only by enlargement of Its 
component muscle cells. Division of ventricular muscle cells in 
mammals is not activated after cardiac injury. The. inability of ven- 
tricular myocardial cells to regenerate stands In sharp contrast to 
skeletal muscle, which Is capable of considerable tissue repair, in- 
volving both regeneration of individual fibers and TACENS RUNON of the 
whole-muscle. © l ~ 


The differentiation of the cardiac muscle cell and the growth of the 
heart as an organ are processes of interest þoth to biology and to 
clinical medicine. For the biologist the heart provides excellent ex- 
perimental opportunities to study the fundamental biological rela- 
tionships between the stage of differentiation of a cell and its mitotic 
activity. From the viewpoint of the clinician the fact that the muscle 
cell loses its ability to proliferate is responsible for the irreversible 
myocardial destruction after. injury and provides the reason why 
muscle cell enlargement is the principal means by which ventricles 
grow after the imposition of an increased work load. 

There are several reasons why the heart is useful for the study of 
the effect of differentiation on cell proliferation. Cardiac muscle cells 
differentiate to perform the highly specialized function of synchro- 
nous contraction; the degree of' differentiation can readily be deter- 


_ mined by the presence of the contractile proteins which can be de- 


tected: morphologically, chemically and . immunologically. Further- 
more the cellular features of cardiac growth include a unique combi- 
nation of cell proliferation and cell enlargement. Both undifferentiat- 
ed cells and muscle cells are known to divide mitotically in all cham- 
bers of the developing heart. In the myocardial cells of mammalian 
ventricular muscle, mitotic activity is high during the earliest stages 
of histogenesis. Thereafter mitotic activity declines rapidly during 
development, and myocardial cell enlargement gradually replaces 
myocardial cell proliferation as the principal.process by which the 
heart as a whole enlarges. Mitotic division of ventricular muscle cells 
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is still apparent at birth but has almost completely 
ceased within the first few weeks of neonatal life. 
From that time onward the normal growth of the 
ventricle to its adult size can be attributed solely to 
enlargement of myocardial cells without increase in 
their number. 

Developing and mature hearts have a considerable 
growth reserve. When the functional demand on the 
heart is increased by chronic changes in preload or 
afterload the size of the heart increases substantially. 
In the heart of adults a doubling of the normal cardi- 


ac weight is not uncommon in human pathology and | 


in experimental animal studies. The cytologic char- 
acteristics of cardiac enlargement depend on the 
stage of development of the heart at the time it is 
stimulated to enlarge. In human and other mamma- 
lian hearts a work overload imposed on the embry- 
onic or early neonatal ventricles results.in enlarge- 
ment characterized by an increase in both the num- 
ber and size of myocardial cells. By contrast, the 
adult ventricular myocardium enlarges only by hy- 
pertrophy of its muscle cells, not by their prolifera- 
tion. What the limits of normal growth are, and at 
what stage myocardial cell enlargement becomes a 
pathologic rather than an adaptive response, is not 
completely established. Cells that are greatly en- 
larged may have an abnormal structural orientation 
and may contract inefficiently. 

The loss of mitotic activity in myocardial cells of 
adult ventricular muscle has important consequences 
for the disease of myocardial infarction. Although in- 


jured skeletal muscle, also a tissue of highly special-. 


ized function, is able to regenerate after muscle cell 
necrosis, cardiac muscle cells are unable to resume 
mitotic activity after injury. Destruction of ventricu- 
lar myocardial cells like that which occurs after oc- 
clusion of the coronary artery leads to their irrevers- 
ible replacement by connective tissue cells and to 
scar formation. We do not presently understand why 
mitosis is blocked in ventricular muscle, or whether 
the block can be reversed. 

To examine these questions this paper will review 


some of the available information on. the develop- 


ment of cardiac and skeletal muscle cells in embry- 
onic, newborn and postnatal tissue. The aim is to 
reach an understanding of the factors that restrict 
the proliferation of cardiac muscle cells in the over- 
loaded or damaged adult ventricle. 


Differentiation of Muscle Cells and Embryonic 


Development of the Myocardium 


Differentiation and development of myocar- 
dium: The histologic and ultrastructural features of 
embryonic myocardium are fairly well understood 
(see review by Manasek!). The myogenic cells of de- 
veloping heart muscle are derived from splanchnic 
mesoderm. During the first 30 hours of incubation of 
a fertilized chicken egg, the myogenic cells are 
rounded or spindle-shaped and contain a large num- 
ber of ribosomes. Other cytoplasmic organelles, like 


mitochondria and Golgi apparatus, are also present, 
but their structure is in no way unique to the pre- 
sumptive myoblast. The first sign of differentiation, 
the appearance of randomly organized thick and thin 
filaments, is observed as early as between 30 and 36 
hours of incubation. As development progresses, the 
myofilaments become more abundant and more ori- 
ented, and they begin to resemble myofibrils. At 60 
hours of incubation all developing heart muscle cells 
contain some myofibrils. The first fully cross-striated 
myofibrils of the adult type are seen at 72 hours. Sub- 
sequently the number of myofibrils per cell increases 
and the fibers line up parallel to one another, so that 
the cross-striations and Z lines become aligned in 
register. By the 15th day the muscle cells resemble 
those in the adult heart. 

Two aspects of cytodifferentiation are particularly 
noteworthy: (1) The mesodermal cells that develop 
into cardiac muscle are derived from a single popula- 
tion of purely myogenic cells. During development 
all of these cells acquire myofibrils, and no popula- 
tion of undifferentiated myogenic cells remains. Fi- 
broblasts or vascular endothelial cells have a differ- 
ent developmental origin, most probably from endo- 
cardial and epicardial regions. The nonmuscle cells 
intermix with the myocardium rather late in devel- 
opment; in the chick embryonic heart this intermix- 
ing occurs at about the 8th day. Nonmuscle cells 
proliferate rapidly, however, so that in the adult 
heart they constitute more than half of the total cell 
population. (2) Both undifferentiated cells and 
myoblasts containing myofilaments can divide mito- 
tically. In the first phase of cardiac development 
there is a very active proliferation of undifferentiated 
presumptive myoblasts. These cells gradually ini- 
tiate synthesis of muscle-specific proteins (for exam- 
ple, the myofibrillar proteins), but continue to divide 
mitotically. As development progresses the number 
of dividing cells decreases and enlargement of myo- 
cardial cells becomes the major mode of cardiac 
growth. 

The observation that cardiac cells that contain 
myofibrillar proteins retain the ability to divide is 
very important and has been subject to considerable 


‘dispute. In recent years, however, convincing’ evi- 


dence has been obtained that in the developing myo- 
cardium ‘both undifferentiated cells and cells con- 
taining myofilaments are able to divide. Four types 
of experimental data are available to support this 
conclusion: (1) photographs obtained with the light 
microscope of mitotic figures in cardiac cells contain- 
ing cross-striations?; (2) electron micrographs dem- 
onstrating the simultaneous presence in a single cell 
of myofilaments and of nuclei in metaphase?-4; (3) 
radioautographs evaluated both by light® and elec- 
tron microscopy® clearly showing the specific struc- 
ture characteristic of muscle cells within cells whose 
nuclei have incorporated tritiated thymidine; and (4) 
cinematographic recordings of cultured embryonic 
heart muscle cells depicting actively contracting 
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~ ferentiated. cardiac muscle cells is. quite: sea i ` 
there remain two important questions; The first. ques- M 
tion is whether mitotic division of cardiac myogenic — 


cells containing myofilaments i is the usual method of | 


proliferation: at one stage of development, or whether . 


it is a rare occurrence: The fact that some investiga- 


tors have failed to detect mitotic figures in cultured: ` 
. cardiac cells containing myofilaments suggests: that: 
mitotic division is a rather rare event. &10°On- the.” 
` other hand, several laboratories report that mitotic. : < 
division of cardiac myoblasts containing myofibrils -i is 
frequent". ‘6,7 and that mitotic figures are even com- 
mon ‘in newborn animals. Second, it is still ‘unsettled a 
whether the division of cardiac myoblasts containing - e 
-myofilamerits is a normal or aù. abortive. process,” 
that, is, whether the daughter cells. produced by this. 
division. are abnormal. Such abnormal daughter cells: 
might become polyploid (having more than 2 sets of- 
chromosomes) or binucleated; but. the ‘daughter cell - 
as a whole might be unable to.divide and would sub--° ; 
sequently degenerate. Abortive mitoses ‘have. been. ` 
described in neonatal rat hearts,11 and accumulation ` = 


of binucleated nuclei during- postnatal growth ® dg a” 


- common observation. 11.12 Cell death has been’ noted - 

` in. the embryonic. chick heart, although it was: not: i 
frequent. 13 On the other hand Weinstein and, Hay®.. 
observed that differentiating cardiac cells divide ‘for’ 

several generations. ‘The small number of polyploid- 
nuclei in rat heart also speaks against any significant : 
endoreplication of deoxyribonucleic acid (DNA).14.15 
(Endoreplication is an increase in chromosome. num- 


ber without nuclear division.) 


Differentiation in. skeletal muscle: The E 
stration that the presence of contractile proteins is. 
” compatible- with the mitotic division of thë cardiac ` 
muscle cell stands in sharp contrast to the process. of: 
differentiation described in skeletal muscle. Only the 
nondifferentiated cells proliferate i in skeletal muscle;.. 


there is no mitotic activity in cells containing myofil- 


aments. Thus there are 2 types ‘of myogenic ‘cells in... 
(1) the © presumptive $ 
myoblasts, which are undifferentiated mononucleat-: 
ed cells that can proliferate but ‘are not able to-fuse ` 
or to synthesize specific muscle proteins; -arid‘(2)-the . 


developing skeletal muscle: : 


postmitotic (nondividing) myoblasts, which- ‘synthe- 
size myofibrillar proteins and are capable of fusion to 
- form multinucleated myotubés.. 


‘In the earliest stage of. eleal muscle: ai 
gent’ there is (as in heart: muscle) a rapid prolifera- 
tion of undifferentiated, ‘mononucleated cells: How- ` 


ever, by contrast with cardiac: muscle, ‘the’ mononu-. 


cleated skeletal myoblasts fuse: at, a certain stage a -i 
. muscle development : to form: multinucleated my 


otubes. After fusion, nuclear division’ no: longer òc- 
curs. 18 The population of proliferative | mononucleat- 
ed cells declines ‘steadily during -embryogenésis; ‘in 


the-11 day-old chick embryo most. of the myogenic ` = 
cells are already confined to myotubes. 17 After. a 
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Syota ii in the process, of cell division. ae ae ae ` | egg-is hatched, cell proliferation ceases.18 Fusion can 
c . “occur ‘between mononucleated cells and multinucle- 


cated cells, “between multinucleated’ myotubes’ and ` 


. betweėn- nascent multinucleated myotubes. The re- 
sulting: myotube may contain several hundred nuclei. 
Fusion.is rapid: Half of the mononucleated myob- - 
. lasts become a multinucleated syncytium within 24 
- hours.19. Cell fusion begins 60 minutes after. the cells . 
come into contact with one another.?° However, not 
all cells. are able to participate in this process; fusion 


is limited solely to a population of cells that no long- | 


-er display mitoses. 22 
‘Like the process of cell fusion, the synthesis of myo- 
- sin in skeletal muscle cells’is initiated only after the 


“myogenic cells have withdrawn from the mitotic 


cycle. The earliest time at which actomyosin can be 


`- detected by fluorescent antibodies is 5 to 7 hours after 
< the terminal mitosis.17-1®° This lag is interpreted as. 
: the time needed to repress pathways leading to DNA 

`. synthesis and to derepress pathways leading to myo- 
:8in synthesis. Thus, although ventricular heart . 


muscle and skeletal muscle contain similar cytologic 
_ structures and perform similar biological functions, 


_ the processes controlling mitotic activity seem to be 


different in the 2 muscle types. ; 
Interpretation of developmental differences A 


_ tween ventricular and skeletal] muscle: Two inter- 
- pretations have been proposed to account for the 
dissimilarities in differentiation of cardiac and skele- `. 


tal muscle. According to Stockdale and Holtzer1® 
and others,17-19.21 the block of DNA synthesis that 


' .occurs during differentiation of the skeletal myoblast.- 


> is the consequénce of a specific mitosis leading to a 


`. new phenotypic cell. The. mitosis of the undiffer-_ 


entiated myogenic cell abruptly produces a daughter. 
cell "that differs from the parent cell. The daughter 


.: ‘cell produced by such a ‘critical mitosis is visualized 


“as. withdrawing from the ¢ell cycle; it undergoes a’ 


. modification of its surface which allows fusion, and it 
© Initiates synthesis of the muscle-specific myofibrillar 


proteins. The cardiac muscle cell, according to this 


concept,.is not basically different from a skeletal 
*- muscle cell. The reprogramming of the myocardial 
`. :myoblast merely takes longer and may not become 


effective until after 1 or 2 additional divisions.2? Re- 
“cently published kinetic analyses of myogenesis in 
cultures of thigh and breast muscle?* indicate that 


| the skeletal myoblast, which would: normally fuse 
- after terminal mitosis, can be forced into an addi- 
. tional mitotic cycle by manipulation of the cell envi- 
: ronment before fusion. finally occurs. This experi- 
_, ment also indicates that even in skeletal muscle the - 
” reprogramming of cell differentiation need not be 


limited to a'single mitosis. 


z - A second interpretation has been proposed by- 
` Weinstein ‘and Hay. These authors: ‘consider that 
: : cell contact and fusion are the primary events and 


that the repression of DNA synthesis and the forma- 


tion of myofibrils in skeletal muscle are secondary .. 
-events that follow from the primary. events. Accord- 


KA 
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BIRTH 


PERCENT MITOSES 
IN 


TONGUE 
HEART 


QI 


tee. 


WEEKS 


TABLE I 
Comparison of Heart Size and Muscle Cell Diameter in 
Varlous Animal Specles 


Diameter of Left 
Ventricular Muscle 


Cell (x) 
. Heart New- Hyper- 
Species Ratio* born Adult trophy; 

Man (Homo sapiens) 0.42 63 143 20% 
Zebra (Equus quagga) 1.42 T oe 
Horse (E. caballus) 

Saddle | 0.55 

Thoroughbred = 0.82". 22. sii 
Cattle (Bos taurus)- 0.37 hs 183? 
Gazelle (G. thompsoni) 1.01 sie re 
Sheep (Ovis arles) 0.53 aks 1533 
Hippopotamus (H. amphiblus) 0.34 nee 1578 
Wolf (Canis lupus) 1.08 ve oes 
Dog (C. familiaris) 734 15™ 

-© Collle 0.77 ; l 

Greyhound 1.26 
Rat (Rattus norvegicus) 

Wistar 0.26% 5% 165 23% 

Wild 0.34 a 4a o... 
Rabbit (Oryctolagus cuniculus) 0.21 7» 17% 23% 
Hare (Lepus europeus) 0.72 ae . 
Whale (Balaenoptera 

musculus} a N 1733 


* Heart Ratio = heart welght/body weight = 100. All data, 
except those Indicated by reference number, were compiled 
from the book of Quiring.** Given heart ratios correspond to 
those of adult animals. 

+ Cardiac hypertrophy in man was secondary to heart disease 
of mixed origin; hypertension and rheumatic fever were the 
predominant causes. In the rat, hypertrophy was produced 
by constriction of the descending aorta; in the rabbit by pro- 
ducing insufficlency of the aortic valve. 
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FIGURE 1. Mitotic activity of various cell types 
at different stages of rat growth. (1) Liver 
hepatocytes.*4 (2) Heart connective tissue 
cells.25 (3) Heart muscle cells.25 (4) 
MONTH Tongue, cells associated with muscle fiber. '8 


ing to this concept, the difference between skeletal 
and cardiac muscle is related to the syncytial or 
fused character of skeletal muscle fibers. 


Normal Postnatal Growth of Cardlac Muscle 


Rate of myocardial cell division: The rate of cell 
division declines rapidly during late embryonic and 
early postnatal development of the heart.? This is 
true not only for muscle and nonmuscle cells in the 
heart, but also for cells of any organ whose size ap- 
proaches a limit in an adult organism (for example, 


- the liver and kidney). Only cells of tissues like epi- 


dermal or intestinal epithelium, which are constantly 
lost and replaced by proliferation of stem cells, re- 
tain mitotic activity throughout the whole lifetime of’ 
the animal. Tissues differ with respect to the time 
when mitotic activity disappears (Fig. 1). In skeletal 
muscle, mitotic activity becomes negligible before 
birth, and in liver approximately 10 weeks later. Rat 
ventricular muscle cells show mitotic figures and 
synthesis of nuclear DNA at birth, at which time di- 
viding nuclei comprise 1 to 2 percent of the cell pop- 
ulation. 5:25-28 Three to 4 weeks after birth, however, 
only a few mitoses are seen.5 25.26 These data are 
consistent with the view that skeletal muscle nor- 


‘mally grows postnatally by cell enlargement, liver 


probably by cell proliferation, and ventricular heart 
muscle by a combination of both cell enlargement 
and cell proliferation. _ 

Size and number of ventricular myocardial 
cells: The cardiac muscle cell increases in size dur- 
ing postnatal growth. As a consequence, the nuclear 
density (that is, the number of myocardial cell nuclei 
per cross-sectional area of cell) decreases.?2 Muscle 
cell diameter increases from about 5 to 6 u at birth 
to 14 to 18 uw in the adult heart (Table I). Ventri- 
cles of various mammalian.species appear to have 
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the same muscle cell diameter irrespective of the size 
of the heart.32:33 The number of myocardial cells 
thus varies directly with the size of the heart. The 
number is estimated to be 9 X 107 in the rat heart 
compared to 2 X 1013 cells in the heart of the blue 
whale.33 In contrast, the diameter of avian ventricu- 
lar muscle cells at hatching (6 to 7 u ) is reported to 


remain constant during postnatal growth.12-3" This. 


observation would suggest that the basis of ventricu- 
lar growth in the avian heart is proliferation of myo- 
cardial cells. Such a conclusion would be at variance 
with the well documented decline in mitotic activity 
with age in the myocardial cells of the chicken?; the 
myocardial cell diameters in bird hearts may there- 
fore require reexamination. 

The number of myocardial cells can be determined 
histometrically. Either. cells or nuclei-per unit vol- 
ume of heart may be counted. Both measurements 
have limitations: Cardiac muscle cells are branched 
and, as a consequence, only some cross-sectional 


areas contain nuclei. Moreover, ‘some ventricular 
muscle cells are binucleated, and the proportion of. 
such binucleate cells changes during development. A . 


survey of the published data seems to indicate that 
the cellular characteristics of neonatal growth of the 
heart muscle differ in different species. Linzbach and 
his students interpreted their histometric data in hu- 
mans to indicate that the number of ventricular 
myocardial cells remains constant after birth.12.38 
On the other hand, in the rat the same approach 


showed an increase in the number of ventricular 


muscle cells during the first 2 years of life.3® 

The total number of muscle cell nuclei in ventricu- 
lar muscle appears to increase after birth. In several 
mammalian species (rat,4#° goat,12. man12-38) the 
number of nuclei in the adult is twice that in the 
newborn; in birds the number is said to be 10 times 
higher. 12 

Unresolved problems in the description of post- 
natal ventricular growth: It is difficult, at the mo- 
ment, to integrate all these data into a general de- 
scription of postnatal tissue growth for ventricular 
heart muscle. Several quantitative inconsistencies 
are evident. The first discrepancy concerns an in- 
crease in the number of muscle cells and nuclei, 
which is said to occur at the time when mitotic ac- 
tivity has apparently ceased. There is a greater in- 


crease in the number of nuclei than in the number of -- 


cells. Since some binucleated cells accumulate dur- 
ing development,5:22 the results have been interpret- 
ed by some investigators as evidence for amitotic nu- 
clear division.12:41 (Amitotic division is understood 
to be nuclear cleavage with genome separation, but 
chromosomes or accessory karyokinetic structures do 
not become visible at any phase of the nuclear divi- 
sion.) Binucleated cells could thus be the product of 
amitosis. Amitotic nuclear division would require the 
presence of a substantial number of nuclei of a high- 
er degree of ploidity. In the ventricular myocardial 


cells of several mammalian species the population of 
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tetraploid nuclei is rather low, representing 2 to 15 
percent of the total nuclear population.14:1° In man, 
on the other hand, about 80 percent of the nuclei are 
more than diploid.4* Thus, the frequency of poly- 
ploid nuclei, at least in the human case, is consistent 


.. with amitosis. Nevertheless, there is no convincing 


evidence for amitotic nuclear division. 

The second discrepan¢y concerns the correlation of 
histometric measurements with the actual weight in- 
crease of the heart. In the rat and rabbit, heart 
weight increases 40-fold between birth and maturity; 
in the human left ventricle the increase is less than 
20-fold. In the human heart the observed increase in 
the volume of muscle cells is more than sufficient to 
explain postnatal growth in weight. In the rat, on the 
other hand, only about 75 percent of the increase in 
myocardial weight between birth and maturity can 
be accounted for by enlargement of myocardial cells. 
The remaining 25 percent is probably related to the 
addition of new myocardial cells during the earliest- 
neonatal period. However, several-fold increase in 
the number of myocardial cells reported to occur 
postnatally 39 is incompatible with this value. 

The situation in skeletal muscle is clearer with re- 
spect to numbers of muscle cells and the origin of 
their nuclei. It is.generally believed that the number 
of muscle cells does not change after birth but that 
the number of nuclei increases.*% The source of addi- 
tional nuclei is believed to be the satellite cells.44 
Satellite cells are undifferentiated cells consisting of 
a single nucleus surrounded by scanty cytoplasm. 
They are located between the basement membrane 
and the plasmalemma of the muscle fiber. After mi- 
totic division, these cells are incorporated into the 
associated skeletal muscle cell. 


5 Adaptive Growth of the Heart 


The .adult heart has a remarkable capacity to en- 
large in response to an increased work load. Not only 
is cardiac mass adjusted to work requirements in an 
individual animal, but comparison of a variety of 
animal species also shows a good correlation between 
the animal’s physical activity and the ratio of its 
heart weight to its body weight (“heart ratio”). Ani- 
mals whose survival depends on prolonged muscular 
exertion (for example, zebra, wolf and hare) have 
unusually high heart ratios, whereas animals leading 
a relatively sedentary life (hippopotamus, sheep and 
rabbit) have very low heart ratios (Table I). Domes- 
tication of the mouse, rat or chicken, with consequent 


. restriction of physical activity, is associated with 


lower heart ratios than in the undomesticated ani- 
mals. Similarly, breeding for speed, as in the cases of 
the thoroughbred: horse or greyhound, results in 
higher ratios than in comparable animals not so bred 
(Table I). | 
Adaptive growth of the heart in response to an 
acutely changed work load is a rapid process. After 
aortic constriction, the new compensatory size of the 
heart is reached within 1 week. During this period 
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TABLE i 


Some Cellular Parameters of Left Ventricular Hypertrophy — 
in the Rat 


Aortic 
Control Constriction * 
Frequencies of types of nuclei 
Muscle nucle! (%) 25.3 17.6 
Connective tissue nuclel (%) 74.9 82.0 
Number of nuclei In left ventricle 

Muscle nuclei (<107%) 1.47 1.13 
Connective tissue nuclel (x10) 4.28 5.30 


Relative frequencies of polyploid muscle nuclei 
Polyploid frequency (% of 
nuclei) 1.80 4,20 
Mitotic activity of connective tissue nuclei 
Mitotic index (mitoses/10,000 
nuclei) 0.28 2.80 
Incorporation of *H-thymidine into nuclear DNA 
DNA labeling (lcount/mineg 
DNA) 147 1152 


* Ascending aorta was constricted by a silver ring and animals 
were sacrificed 7 days later. 1447 


myosin accumulates at a substantially faster rate 
than during any period of normal postnatal 
growth.*5 Conversely, a decrease in the functional 
demands on the. heart results in reduction of its 
mass. Decrease in heart size after surgical correction 
of valvular lesions is a common clinical experience. 
Similarly cardiac enlargement produced by a variety 
of different physiologic procedures has been shown to 
be reversible in the experimental animal. 46 

The term hypertrophy is commonly used ‘to de- 
scribe excessive or abnormal cardiac enlargement. In 


recent years, however, it has become clear that the 


different cell types in cardiac tissue do not all re- 
spond to an increased work load in the same way. In 


‘the adult mammalian ventricle a true hypertrophy of 


the muscle cell occurs, but this hypertrophy is ac- 
companied by hyperplasia of connective tissue cells. 
On the other hand, in embryonic and neonatal life, 
during which the capacity for muscle cell division is 


. retained, an increased work load produces hyperpla- 


sia of muscle cells. The process of cardiac enlarge- 
ment will therefore be discussed separately for the 
adult and for the neonatal heart. . 

Work overload in the adult heart—ventricular 


- hypertrophy: As discussed in the preceding section, 
. proliferation of myocardial cells declines postnatally. 
We consider the heart to be adult when DNA syn- . 


thesis in myocardial cells ceases. 

In experimentally produced hypertrophy, cardiac 
DNA content (mg DNA per heart) has been ob- 
served to increase in proportion to heart size.14 
Classically, hypertrophy has been defined by pathol- 
ogists as a cellular enlargement without a change in 
cell number. There should therefore be no increase in 
the total cardiac content of DNA in hypertrophy, 
but rather a dilution of the DNA content per unit of 
tissue mass. An increase in cardiac DNA content 








would be evidence for cell proliferation if several 
other processes that might account for a DNA in- 
crease can be eliminated. One such process is the en- 
doreplication of DNA which would result in a higher 
frequency of polyploid nuclei. A second possibility is 
nuclear division without cell division, a process that 
would produce cells with more than 1 nucleus. 

The experimental observation is, however, that 
total cardiac DNA content does increase in hypertro- 
phic ventricles. This apparent contradiction has 
been recently resolved by the demonstration by sev- 
eral laboratories that the DNA increase results from 
proliferation of nonmuscle cells (for review, see 
Grove et al.47). We have demonstrated by radioauto- 
graphy after administration of 3H-thymidine, a DNA 
precursor, that there is a marked increase in labeling 
of connective tissue nuclei 2. days after aortic con- 
striction in the rat. Both the intensity of nuclear la- 
beling and the incorporation of 3H-thymidine into 
purified nuclear DNA reach a peak on the seventh 
postoperative day and then slowly -decline to control 
values. Although the specific radioactivity of the im~ _ 
mediate precursor of DNA, thymidine triphosphate, 
was not assayed, comparison of total thymidine nu- 
cleosides and nucleotides in ventricles from control 
and experimental animals indicated no difference in 
the penetration of label into the cell, or in the rate of 
subsequent decay of DNA specific activity. Measure- 
ments of mitotic indexes supported these observa- 
tions. The number of mitoses per 10,000 nuclei in 
hypertrophied hearts was increased 10 times above 
the control value of 0.28.14 All mitotic figures were 
found in the connective tissue cells, none in the mus- 
cle cells. There was a statistically significant correla- 
tion between the. degree of ventricular hypertrophy 
and the mitotic index. 

The contribution of endoreplication of DNA to the 
observed DNA increase has also been studied in sev- 
eral laboratories.14:48 The frequencies of polyploid 
nuclei are rather low in the ventricular muscle cells 
of adults of the mammalian species studied so far: 85 
to 98 percent of myocardial cell nuclei are dip- 
loid.44-15.48 In the hypertrophy produced in the rat 
left ventricle by aortic constriction, the frequency of 
polyploid nuclei in muscle cells increases from less 
than 2 percent to 4 percent (Table II). There is a pos- 
itive correlation between the relative frequenciés of 
polyploid nuclei and the degree of hypertrophy. Under 
our experimental conditions, in which the heart 
weight increased by about 50 percent, polyploidiza- 
tion could explain only 3 to 5 percent of the observed 
DNA increase in the ventricle as a whole. Whether 
the population of polyploid nuclei would increase 
further with extreme degrees of hypertrophy remains 
to be established. 

The human heart is exceptional in that more than’ 
80 percent of its muscle cell nuclei are polyploid. 42 In 
normal human left ventricle 50 percent of muscle nu- 
clei are tetraploid (4c), 35 percent are 8c and 5 per- 
cent are 16c. In hearts grossly hypertrophic as a re- 
sult of valvular or hypertensive heart disease there is 


216 February 1973 The American Journal of CARDIOLOGY Volume 31 











a marked shift to nuclei with a high degree of f poly: 
ploidy. 
The significance of doood on is not o 


Histometric estimation of cell number. in autopsy ` 
specimens of human hypertrophied hearts by ‘Linz-’ 


bach,88-41,49 later- confirmed in 2 other laborato- 
ries, 50.51 indicated that the number of muscle cells-is 
increased in hearts. that have undergone extreme de- 
grees of hypertrophy. This extraordinary observation 


has so far been made only on hypertrophic human. ` 
ventricular muscle, which is ‘also peculiar. in its high' 


degree of polyploidy. Since mitotic.activity has not 


been observed in the adult human heart, Linzbach*? | 
- suggested that the ventricular muscle cells divide by - 


a process of longitudinal splitting, which includes di- 


vision of the polyploid nuclei. In experimental hyper: 
trophy of the rat left ventricle, the frequency of poly-: 


ploid nuclei is small and no increase in the number 
of myocardial cells was found.*” 
Splitting of muscle fibers has also been described 


in skeletal muscle after the muscle has been over- 
‘loaded by tenotomy of its synergistic muscle.52 In ` 
this case examination by. both light dnd electron 


microscopy reveals that the splitting is frequently as- 


sociated with degeneration of portions of the fiber , 


, and with proliferation’ of connective tissue cells. 
Thus, splitting of muscle fibers in skeletal muscle 


myocardium. 


Although several important auestionss remain aa 
answered about cell number in the chronically over- | 
loaded heart, there is no doubt that cardiac enlarge- 


ment is accompanied by hypertrophy: of the muscle 
cells. Many measurements in autopsy specimens of 


hypertrophied human ventricle show that muscle cell - 


diameter increases from a normal value about 15 pz 


to 20 to 27 y.31.33.53 Muscle fiber diameter has also - 
been measured in the hearts of experimental ani-: -. 
mals%9.36 but, surprisingly, no study of the size-fre- 
quency distribution of muscle cells is available. In ` 
human ventricles the median cell diameter is shifted . .. 
to a larger value.5? This observation is inconsistent. 


_with substantial splitting of muscle fibers, a process 


that should result in a population of fibers with a — 


smaller median diameter. 


In hypertrophic hearts the myocardial cells in- . 


crease not only in diameter but also in length. For 


example, after constriction of the main pulmonary. _ 


artery in the dog, right ventricular-mass increased by 


56 percent; concomitantly, the length of the muscle . 


cells increased by 30 to 50 percent.** 


Work overload in the growing heart: It nee been 


known for some time that sideropenic anemia pro- 
duced in weanling ‘rats by iron deficient diets leads 
to a doubling of heart size without an increase in 


muscle cell diameter,°5 an observation suggesting the . 
participation of muscle cell hyperplasia in the cardi- . ` 


ac enlargement. Recently an increased DNA synthe- 


sis in ventricular muscle cells of very young anemic © 


epi rmennennaiaie yii 


poe E a i + : ‘ g’ 
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`? rats hasbeen demonstrated by radioautography.?? 
'.-By contrast, in adult animals anemia produces by- 


perplasia only in the connective tissue cells of the 
ventricle. An increased DNA synthesis suggestive of 


aaa hyperplasia of ventricular myocardial cells has also 


been reported after aortic. constriction in puppies, 7° 
and in renal hypertension in young rats.5® In the lat- 


-ter study increased mitotic indexes accompany. the 
‘increased nuclear labeling, suggesting that the cells 
` synthesizing DNA eventually divide. 


The occurrence of hyperplasia in sn mus- 


cle cells during the early postnatal period is also sug- 
. gested by comparisons of cell diameters in animals 


with different heart ratios. The hearts of active or 


`- wild animals are larger, not because of a physiologic 


enlargement of muscle cells, but because there are 


. . more cells of normal diameter (Table I). 


Thus, the cellular basis of cardiac enlargement 


: secondary to work overload depends on age. In grow- 
ing animals, hyperplasia of both muscle and connec- 


tive tissue cells occurs. In the adult, the ventricular 
muscle cell loses the capacity for nuclear division 
and only. connective tissue cells can be activated to 


proliferate. 


‘Control of Mitotic Activity in the Myocardium 
As the mammalian ventricle grows and approaches 


! maturity its muscle cells progressively lose their mi- 
represents a pathologic change rather than an adap- , ~ 
tive histologic process leading to hypertrophy. A. 
similar process may also exist in the. overloaded — 


totic activity. For some reason division of these cells 
is not activated when the adult heart enlarges in re- 
sponse to an increased work load or when it heals 


. : after an injury. The loss of mitotic activity and of 
_ the capacity to regenerate appears to be related to 


the high degree of specialization of the mammalian 
ventricular muscle cell. Similar losses of proliferative 
capacity are shown by cells like neurons or retinal 
rods, which also manifest an unusual degree of struc- 


. tural differentiation for the performance of a special- 


ized physical function. 
-The inability of mammalian venoe muscle to 
regenerate stands in sharp contrast to skeletal mus- . 


. cle, which has a remarkable capacity for tissue re- 
"` pair, involving both regeneration of individual fibers 


and reconstitution of the whole muscle. Thus, 2 or- 
gans, both highly differentiated for a unique me- 


-chanical function, appear to control mitotic activity 
- of their cells in different ways. In skeletal muscle, 


once the synthesis of differentiated protein (includ- 


‘J ing myofibrillar protein) is initiated, mitotic activity 


is repressed; nevertheless, skeletal muscle can regen- 


erate after injury. In the heart, the synthesis of DNA 


and of myofibrillar proteins can proceed simulta- 


/ neously, but no regeneration occurs after injury. 


These differences between the 2 types of muscle have 
implication for the understanding of the control of 
cell differentiation as well as for clinical cardiology. 
The differences between the capacity of skeletal 
and cardiac muscle cells for proliferation may be re- 
lated to the fact that skeletal muscle is a multinu- 
clear syncytium, whereas myocardial cells are mo- 
nonucleated. To.the extent that cell-to-cell contacts 


control mitotic activity, this control may be expected 
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to be dissimilar for mononucleated cells and multi- 
nucleated syncytia. 

An alternative or additional explanation is based 
on the observation that skeletal muscle (unlike heart 
muscle) appéars to retain a population of undifferen- 
tiated myogenic cells.57 A small number of these 
cells are present in adult skeletal muscle. After inju- 
ry they are activated to proliferate. During tissue re- 
pair they fuse and form multinucleated fibers. Thus, 
the process of muscle cell embryogenesis is repeated 
to a limited extent after injury to adult muscle. Ac- 
cording to this concept, cardiac muscle does not re- 
generate because it does not have such a population 
of undifferentiated myogenic cells.1-5»58 

The origin of the proliferating cells during the re- 
generation in skeletal muscle has also been attrib- 
uted to the dedifferentiation of muscle cells.57 After 
injury, the myofibrils and other structures specific 
for the muscle cells are resorbed from the necrotic 
parts of the muscle fiber; nevertheless, some nuclei 
do survive and eventually resume DNA synthesis. 
According to this interpretation, mammalian ven- 
tricular muscle differs from skeletal muscle in that 
the cardiac muscle cells cannot dedifferentiate. As 
already discussed, however, differentiation (defined 
as the presence of contractile protein synthesis) does 
not preclude cell division in myocardial cells. It is 
possible that the products of differentiation (the 
myofibrillar-mass and other structures characteristic 
for muscle cells) somehow hinder nuclear or cellular 


division in mammalian ventricular muscle cells. Mi-. 


toses of less specialized heart muscle cells might then 
be more easily reactivated. It is a striking and proba- 
bly a highly significant fact that reactivation has 
been observed in mammalian atria and in nonmam- 
malian ventricular muscle cells. For example, in 


myocardial cells of frog and reptilian ventricles®® and 


of rat atria? Rumyantsev and colleagues have dem- 
onstrated increased nuclear labeling by *H-thymi- 
dine and increased mitotic activity after injury. Mor- 
phologic evidence indicates reversion of the damaged 
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Sinus nodal echoes are illustrated In (1) a case report, and (2) a 
study of the effects of atrial premature beats after atrial drive In 
dogs. When atrial premature beats confront the sinus node while It Is 
stiili refractory, 3 types of response may be seen: (1) Complete -in- 
terpolation—the subsequent sinus beat (or escape) comes precisely 
at the expected time; (2) incomplete Interpolation—the subsequent 
sinus beat Is delayed; and (3) sinus echoes—the sinus beat appears 
earlier than expected. In all 3 Instances the node is entered, but the 
pacemaker fails to be reset. Although the echo has the form of a 
sinus beat, It Is followed by a pause, presumably as a result of re- 
penetration of the sinus node through pathways unused during exit. 
The curves characterizing the expansion by vagal stimulation of the 
nodal refractory period and total echo circuit time are defined, to- 
gether with the latency of cholinergic effect on nodal refractoriness, 
sinus automaticity and exit conduction of the echo. The secondary 
concealment zone of a completely interpolated atrial premature beat 
is established. Atrial preexcitation (before the echo) sometimes 
evokes a second echo. The limiting factor on sustained sinoatrial re- 
ciprocation thus appears to be total echo circuit time rather than re- 
fractoriness of atrium or echo entrance pathways. The repetitive 
echoes seen in this study may be the basis for some clinical cases 
of sinus or atrlal tachycardia. 


In clinical electrocardiography, an atrial premature beat almost in- 
variably penetrates and discharges the sinus node, resetting the se- 
quence of automaticity. The postectopic pause or returning cycle is 
full; that is, the duration of the returning cycle equals or exceeds that 
of the basic sinus cycle. Such a complete nodal penetration is achieved 
only when the tissues of the sinus node are no longer refractory. The 
duration of a full returning cycle is related to (1) the coupling interval 
between sinus and ectopic P waves, (2) the presence or absence of 
marked postectopic depression of automaticity, and (3) the presence 
or absence of atriosinal or sinoatrial delay, or both. The returning 
cycle is longest when the ectopic P wave falls during the last third of 
the basic sinus interval. Automaticity is clearly depressed when 
both the returning and subsequent 2 or 3 sinus cycles show transient 
and progressively: diminishing bradycardia. Thus, simple atriosinal, 

sinoatrial delay, or both, must be considered when there are ex Cecsive: 
ly long returning cycles and when the alternative explanations (1 or 
2) are not in evidence. 

The short returning cycle: Atriosinal delay. or block may reflect a 
pathologic impairment of intranodal or perinodal conduction, or a 
physiologic encroachment by the atrial premature beat on the refrac- 
tory period of the sinus node. If with a sinoatrial beat (sinus P wave) 
the refractory period of the atrium is shorter than that of the sinus 
node, it is possible for a subsequent atrial premature beat to fall 
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Atrial interpolation: Incomplete and complete in- 
terpolation of a ventricular premature beat is gener- 
ally the result of inadequate retrograde penetration 
of the A-V node, respectively prolonging, or not pro- 
longing, the P-R interval of the subsequent ante- 


‘grade sinus beat. The R-R interval enclosing the 


premature beat accordingly exceeds or equals the 
basic R-R interval. The analogous use of the term 
interpolation with atrial premature beats is justifi- 
able because of the similar sequential effects 
achieved by the respective ectopic beats. The analo- 
gy between atrium and ventricle is of course imper- 
fect: Complete interpolation of a ventricular prema- 
ture beat denotes failure to impair antegrade con- 
duction of a subsequent sinus impulse through the 


A-V node. Complete atrial interpolation implies the. 
failure of an ectopic beat to impair both impulse for- - 


mation and antegrade conduction in the sinus node. 

Incomplete atrial interpolation could theoretically 
result from one or both of the following physiologic 
mechanisms: (1) The atrial premature beat partially 
penetrates the sinus node and leaves a peripheral 
wake of refractoriness long enough to retard the out- 
ward progress of the undischarged sinus pacemaker 
impulse or impulses. (2) The incomplete penetration 
may, by its neighboring or electrotonic effect, de- 
press or flatten the diastolic slope of the undis- 
charged pacemaker fiber or fibers, thus delaying im- 
pulse generation.” With complete interpolation one 
could similarly postulate either complete sinoatrial 
nodal entrance block of the atrial premature beat, or 
a penetration so slight that its electrotonic effect is 
unfelt by sinus diastolic potentials. Physiologically 
related to these situations is the sinus echo in which 
it is presumed and experimentally validated® that 
the sinus node is almost completely refractory, but 
nonuniformity permits extremely slow penetration 
by the ectopic beat into a small outer zone with a 
slightly shorter refractory period. The impulse is 
held within this slow conducting region until neigh- 
boring sinus and atrial tissues recover and permit 
exit, reexcitation of the atrium, and the appearance 
of an early sinus P wave. 


Clinical Example 


An electrocardiogram showing these phenomena is 
shown in Figure 2. The 4 panels (A to D) are simul- 
taneously recorded by Einthoven standard leads. An 
atrial ectopic beat of various degrees of prematurity 
is marked “X.” The numbers signify in 100ths of a 
second the intervals between successive sinus P 
waves, including those that enclose the atrial prema- 
ture beat. Only in C is the premature beat followed 
by a full returning cycle (1.04 second), which is per- 
haps excessively long when compared with the pre- 
ceding basic sinus cycle of 0.83 second. All other pre- 
mature beats (in A, B and D) presumably faH within 
the sinus nodal refractory period and are followed by 
short returning cycles. By measuring only between 
sinus beats, the events displayed in Figure 1 can be 
seen: Incomplete interpolation is illustrated in panel 


A; panel B shows a sinus echo; in D, the first atrial 





premature beat is completely interpolated and the 
second shows incomplete interpolation followed by 
an additional early sinus beat that must be regarded 
as a sinus echo. The patient’s record showed 29 atri- 
al premature beats over a 4 minute period. Three of 
these beats discharged the sinus node with full and 
long returning cycles. There were 19 examples of in- 
complete interpolation, 5 examples of complete in- 
terpolation and 12 sinus echoes. Seven of the latter 
were followed by second echoes. In 3 instances (in- 
cluding that shown in D) a sinus echo followed in- 
complete interpolation. 

In short, a premature beat that failed-to reset the 
sinus node was most frequently interpolated. Occa- 
sionally it produced 1, or more commonly, 2 sinus 
echoes. Echoes were occasionally sequelae to incom- 
plete interpolation. Clearly spontaneous or respirato- 
ry induced variations in the sinus cycle length and 
the relatively slow paper speed may render difficult 
the classification of some of the short returning cy- 
cles in this and other clinical records. Equally, the 
interpretation of the frequently prolonged sinus cy- 
cles following interpolations or echoes was problem- 
atical. It was seldom possible to distinguish between 
random or respiratory induced fluctuations in sinus 
cycle length and true transient Aa of auto- 
maticity.® 

This clinical report of a rare case is presented be- . 


_cause it lends relevance to the canine study of sinus 


nodal echoes and the nature.of interpolation that we 
are reporting here. In addition, the case may conceiv- 
ably be related to the problem of paroxysmal atrial 
tachyarrhythmia. 


Sinus Nodal Echöes: Canine Studies 


The apparent rarity of spontaneous sinus echoes in 
humans is to some degree matched by the difficulty 
in evoking them under controlled conditions in dogs. 
In some animals (and presumably also in man) the 
atrial refractory period is as long as or longer than 
that of the sinus node. Implicit in this statement is 
the impossibility of electrically exciting the atrium. 
sufficiently prematurely to challenge the sinus node 
while it is still relatively or absolutely refractory 
from the previous beat. In an earlier study® this diffi- 
culty was overcome by vagal stimulation that re- 
vealed occasional sinus echoes. 

The behavior of individual cell units and their col- 
lective geometry in sinus echoes ‘has been studied in 
vitro by Han et al.® and more recently by Bonke et 
al.4 Both studies, although reaching separate conclu- 
sions, demonstrate only fractional penetration of the 
sinus node with excessively premature atrial beats. 
The study of canine sinus echoes and interpolation 
presented here underscores many of the clinical. fea- 
tures of our case report and of recent clinical investi- 
gations. 3:10.41 


Methods 


Mongrel dogs weighing from 15 to 50 kg were anesthe- 
tized with intravenous administration of sodium pento- 
barbital (30 mg/kg body weight). After tracheostomy and 
ventilation with a respirator, the chest was opened by 
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midsternotomy. The heart was cradled in the opened peri- 
cardium. Bipolar stimulating platinum electrodes were 
placed on the right atrial appendage and right ventricle. 
Bipolar recording electrodes were placed on the right ven- 
tricle, on the 2 atrial appendages and near the sinus node. 
At least 1 of these pairs was “split” with 1 pole on each 
appendage (R-L electrode). Einthoven’s lead II was re- 
corded. Blood pressure and esophageal temperature were 
monitored. 

The heart was stimulated by means of a 4-output digi- 
tal pulse counter capable of delivering through Tektronix 
pulse generators a selected number of precisely timed 
basic driving pulses (S1), and up to 7 test pulses of chosen 


cycle length (Se, Ss and so on). All pulses were 4 msec © 
wide and 1.5 times threshold. Recordings were made at ~ 


100 mm/sec paper speed on an Electronics for. Medicine 
console; the motor of the console could-be automatically 
started by the penultimate basic driving impulse ($1) and 


stopped after an appropriately gated interval using a. 


Devizes relay and wave form generator. Monitoring and 
additional Polaroid photographic records were obtained 

from a Tektronix 464 storage oscilloscope, the sweep of 

which was externally triggered by the last basic driving 
pulse. 


At the start of each experiment recording were exam- 


ined to ensure that the placement of the atrial electrodes 
facilitated easy differentiation of sinus and retrograde 
atrial activation. Atrial electrograms were recorded during 
ventricular drive with retrograde activation of the atrium. 
In a few cases records were made of atrial (A-V nodal) 


echoes produced by introducing, after a period of rapid ` 
atrial pacing, 3 or 4 prémature atrial beats (Se-Ss). The . 


atriograms produced in up to 6 recording channels were 
compared during retrograde drive, atrial echoes and sinus 


rhythm; the channel or channels showing the greatest dif- . 
ferentiation among these were chosen for the study (see | 


Fig. 4), 


Right vagal stimulation was achieved by (1) repeated | 


stimuli delivered from a Grass stimulator, (2) a volley of 1 
to 3 closely coupled stimuli -generated at precisely timed 
moments by the digital pulse counter. 


Sinus echoes were sought by (1) obtaining 15 to 18 basic © 


atrial driven beats (Ai) by applying stimuli ($1) to.the 
right atrium at the slowest capturing cycle length; (2) 
programming a subsequent pause of 2 or 3 sinus cycles be- 
fore resuming atrial drive; (3) repeatedly ensuring a stable 


sinus escape interval; (4) inducing with a test pulse (S2) 


progressively earlier atrial beats (A2) following the last 
basic A; and examining the duration of the returning 
cycle in relation to that of the control sinus escape inter- 
val; and (5) repeating these steps at different driving 
frequencies (51-81). 

Many dogs showed full returning cycles or TTA in- 
terpolations with all S1;-S2 intervals down to that which 
defined the atrial refractory period (minimal A ,-Ag). 
Twelve dogs (which tended to be larger animals) demon- 
strated sinus echoes at one or. more frequencies. One dog 
showed both sinus echoes and interpolation. Five other 
dogs were deliberately permitted to cool to temperatures 
ranging from 33 to 35 C, at which time stable sinus echoes 
were readily evoked. A number of dogs showed echoes 
only very briefly. Four dogs with sinus echoes were lost to 
study because the suturing or hooking of an electrode over 
the sinus node immediately and permanently abolished 
echo induction. One dog without evidence of sinus nodal 
echoes was subjected to vagal stimulation and echoes were 
elicited. In 6 other animals with sinus echoes, vagal stim- 
ulation was performed using 1 of the 2 methods described. 
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Al A) A2 SE Sr. 





165 385 
FIGURE 3. Selected responses shown to a premature beat Az 
(vertical bar with base) at 2 driving frequencies (S;—-S;: 240,300 
msec). The sinus escape Interval (elicited X 4) is 385 msec 
(sinus escape beat [SE]: dotted line). The interrupted vertical 


. line represents the refractory period of the sinus node. When A2 


was to the right-of it the node was reset (Sr) with full returning 
cycles (returning cycle = sinus escape interval). When Ag fell 
earlier, sinus echoes (E) resulted which are single or double. 


Results 


The sinus escape interval was constant over a 
range of atrial driving cycle lengths (Si-S;) in all the 
animals studied. The interval from the sinus escape 
beat to the second sinus beat was 90 to 100 percent 
of the spontaneous sinus cycle length. In other 
words, a sustairied post-drive depression of automa- 
ticity was not observed. 


In 12 of the 13 normothermic dogs in which sinus echoes 
could be elicited, the returning cycles following Ag showed 
a regular sequence of change with progressively dimin- 
ishing S;-Se intervals. The returning cycle of post-mature 
beats (late test pulses’ with Si-Sg > S-51) gradually in- 
creased from a value equalling the interval from the sinus 
escape beat to the second sinus beat when Ag fused with 
the sinus escape beat, to a value at maturity (that is, 
Si-Se = S1-S1) inevitably equalling the sinus escape in- 
terval. Thereafter, returning cycle duration remained un- 
changed (+10 msec) until Az shifted to 45 to 50 percent 
of the sinus escape interval, when a slight prolongation 
(10 to 35 msec) was observed in a few dogs. When the 
S-S interval was further reduced, the returning cycle 
abruptly shortened. The sinus impulse now fell inside the 
sinus escape interval. In other words, in the presence of 
Az the sinus impulse appeared earlier than it would have 
if Ag had been absent. This is the definition of the sinus 
echo. Further shortening of the S,~-Seg interval produced 
no essential change. The sinus beat appeared within a 
narrow echo zone for every Si~S2 interval down to that 
which defined the atrial refractory period. Figure 3 shows 
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selected responses and their sequelae plotted for 2 atrial 
driving frequencies (S1-S;: 240, 300 msec) in Dog 1 (see 
Table I). The vertical lines represent the last 2 basic driv- 
en beats. The sinus escape beat (SE) (elicited by switch- 
ing off S2) is represented by the dotted line. When A,—A2 
was 165 msec or greater, the sinus node was reset, and the 
full returning cycle approximated the sinus escape inter- 
val. Whenever the A,;~Ag interval was 160 msec or less, a 
sinus echo (marked E) was seen falling inside the sinus 
. escape interval. This demarcation (broken line), which 
defines the sinus nodal refractory period, varied by not 
more than 5 to 10 msec in sequential runs. Its position 
was essentially unaffected by the driving frequency. This 
characteristic recalls the similar but less marked rate 
insensitivity of the A-V nodal refractory period.1? 


Table I shows data from 18 dogs in which sinus 
echoes were elicited. Dogs 1 through 12, which were 
studied at normal temperatures, produced the typi- 
cal described response patterns. The maximal A1-A32 
interval that produced sinus echoes defines the outer 
limit of sinus nodal refractoriness; A;—Ae2 values 5 to 
10 msec in excess of this limit were able to reset the 
sinus pacemaker and define the sinus nodal refractory 
period. None of the data in this table are dependent 
on the frequency of atrial drive, which is accordingly 
not listed. In every animal at least 2 frequencies were 
tested. The maximal echo-producing A,;—Ag interval 
lay between 36 percent and 47 percent of the sinus es- 


TABLE | 


Dogs with Sinus Echoes (Time in msec) 


Maximal 
Ai-Ag for 
Echo Production 
Dog =. SE See oe. 
no, (from A;) ÅA: oz of SEI 
1 390 160 4) 
2 "440 160 36 
3 400 185 46 
4 -405 160 40 
5 360 165 45 
6 400 170 43 
7 430 185 43 
8* 465 - 205 44 
9 395 — 185 47 
10* 375 155 42 
11 440 200 45 
12 400 180 45 
13t 550 200 36 
14+ 555 240 43 
15+ 540 250 46 
16+ 460 185 AO 
17t 510 240 47 
18 420 180 43 


in Dogs 7 and 18 all measurements are from S,, not A. 
* Stellate ganglions removed. 





cape interval and fluctuated by less than 10 msec in 
repeated runs. i 

The duration of the echo zone ranged from 5 to 60 
msec. There was no constant relation between the 
echo’s position within the defined zone and the 
A1~Ae interval. The midpoint of the echo zones fell 
after 80 to 90 percent of the sinus escape interval 
had occurred. The minimal time from Ag to the echo 
ranged from 170 to 265 msec in the first 12 animals 
and from 170 to 220 msec if Dog 5 (265 msec) is 
omitted. Thus, the minimal total echo circuit time 
was relatively constant. In cooled animals (Dogs 13 
to 17) the sinus escape interval was longer and the 
sinus nodal refractory period was greater than in the 
normothermic group. Minimal echo circuit time was 
only slightly greater (average 234 msec; range 210 to 
260 msec). 


Repetitive stnus echoes: Although a sustained recipro- 
cating sinoatrial tachycardia was not observed, second 
sinus echoes were noted in 3 of 12 animals (Dog 1, Fig. 3, 
and Dogs 5 and 10). Figure 4 (Dog 10) shows 3 and even 4 
consecutive sinus echoes on single occasions. It also dem- 
onstrates the usefulness of the R-L electrogram in differ- 
entiating between atrial drive (A) which shows maximal 
asynchrony of atrial activation, retrograde activation (B) 
in which it is minimal, and sinus activation, where it is 


Echo Zone 
Range Average % 
(from A;) of SEI Remarks 
330-350 Fig. 3 
380-395 87 
360-365 90 
360-380 91 
325-340 
375-390 94 
395-400 92 Sinus echo followed by 
atrial echo 
425-430 91 
360-385 93 
300-360 88 2 to 4 sinus 
echoes, Fig. 4 
400-410 93 
350-360 
420-460 80 
500-520 
460-500 87 
435-445 
470 92 Echoes translent 
360-375 86 Interpolation and sinus 


echoes, Fig. 5 


+ Dogs allowed to cool to 33 to 35 C before study. Dog 8 was later allowed to cool. 
SEI = sinus escape interval; SNRP = sinus nodal refractory period. 
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Efforts to an. sustained ` sinus.’ Setho “hyii 
(reciprocating sinoatrial nodal tachycardia) in’ this.” 
and other ariimals were fruitless. Four: sinus. echoes- ` 

. were the.maximal number seen: Second ‘echoes were: -. 
_ far less stable and, in general, the interval between 
echoes was loriger than the A2-echo. interval.. This: ` 
phenomenon: typifies most short- lived/or- imminently < 
terminating reentrant tachycardias: ee os 

A pause always followed a sinus echo: i Figuré 5: 
it. is. seen in the final cycles of tracings E-to Land’ Mi. À 
and after:the single echoes in J,K and: Ni The paŭse’. 
reflects in part the nature óf the echo. beat: Whereas’ - 
normally. the ‘sinus node. is depolarized. before’ the- ay 

atrium, the echo excites. recovered atrial tissue before: : 
generalized sinus ` depolarization has been -attainéd. ` 
The impulse thereafter ` may reenter ‘the: portion’ ot 
the node that was unused in the echo. pathway and: ` 
reemerge asa second echo. More commonly, reentry: : 
. of the impulse into the sinus node produces the same: 
effect as a true atrial ectopic beat. (that: i is," a longer” 
returning cycle). Thus one might argue: that’ a long; ; 
_ pause following a.sinus echo is a nianiféstation: ofan: ee 
_ abortive second echo or, of concealed ` ‘reentry: . Thé» 


ERA 


~ 
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“FIGURE 4.: Dog.10.— Multipie sinus Bchoee: R-L atrial sists: 
? grams and ventricular electrograms (the latter resemble ‘ plus- 
.. . minus” T, waves). A (top), atrial drive {S,-S; = 265 msec); the 
pause is also compelling evidence that. a sinus echo i is” me “A, deflection (2 positive spikes and’ a-final equiphasic RS com- 


not an acceleration of automaticity (that i is, it: -ÍS not 
an “early” sinus eséape), °° s Ei 

"Elective preexcitation of the atrium 25. msec: c before 
‘the arrival of an anticipated sinus echo' produced” ei-. : 

. ther the equivalent post-echo pause diséussed earlier, . 
or alternatively a -second ‘echo. The ‘latter - “reatilt n 
suggests that. iņ some ‘instances the limiting factor’, 
for echo repetition is not’refractoriness-6f either the: “jing cycle.is preempted by’a high A-V junctional escape rhythm: 
atrium or of the nodal entrance pathway; ‘but a fines SS - the _atriograms In part, resemble those In`B. F through I, Az suc- . 
tion of the duration-of the intranodal echo’ circuit per 8 ceeded by 2 sinus echoes. Note the pause after, the second. (In. 


se. Clinically it is, of course, no surprise ‘that: stable: N; Az in similar position evoked a single echo.) J,K, Az.at 
135/125 msec evokes a singile sinus echo 60 msec-earlier than 


plex} shows successively the stlmulus (S4), right atrial activation 
and left atrial activation. Atrial asynchrony Is marked. B, ven- 
“tricular: drive with minimal asynchrony in the retrograde atrio- 
“gram. in ©: ‘through R the tracing Is initlated (extreme: left): by 
‘ the last’ A,’ C, sinus escape and subsequent sinus beat. The 
“2 atriogram Is qRS in form and shows an ‘Intermediate ‘degree of. 
asynchrony: In :D through L, S2 Is ‘delivered at progressively: dl- 

_, minishing’ S-52 intervals. its” response, Ao, resembles A;. D,E, 
Az ‘at 170/160 msec after A; resets the sinus node; the return- 





self- sustaining, reéntrant rhythms | are. rapid rather 
. - than slow. 2 


Validation of the sinus origin of the echo bent.. 
No difference was observed between the T 
of sinus echoes and those of -sinus rhythm: The most ... 


reliable electrode arrangement for distinguishing. ] 


sinus echoes from: atrial. (A-V nodal): ‘echoes‘was the ~ 
bipolar ee perweee the right atrial and the. left 
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Ind. L, Sz falls’ to excite the atrium, redefining the sinus escape 
<Interval. M, O,P and Q; exceptionally early and often repetitive 


: ‘sinus echoes begin 150 msec after Az. There is a run of 3 in M, 


: and 4 in O. In P the echo-ls single. -Q, the 54-54 interval is de- 
» creased to 215 msec; the. sinus echo is followed by an atrial 
< echo, which ` ‘resembles the retrograde atriogram in B. R, multl- 
* ple responses (atrial fibrillation) elicited by-increasing the pulse 
o ah and -placing S2 very, early. ‘Note distortion. ‘of, sinus 
echoes by, Eperposliien of ventculogtants Ind, K, P and a. 
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“atrial appendage (R-L. electrogram). 
_ atrial depolarization by either atrial echoes, ventric- 


I i 


“Uf 
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ular drive, or high A-V junctional rhythm produced 


„a minimum of. asynchrony in the activation of these 


2 locations (Fig. 4).: Sinus rhythm, on the other 
Rand, depolarized the right and left .atrial appetid- 
ages in sequential fashion. Maximal asynchrony was 
‘observed in the R-L electrogram during right atrial. 
- drive. These observations confirm the recent findings 
of Moore et al.13 Clearly, additional compelling evi- 
dence of the sinus origin of the observed, echo beats 
“would be early activation of the sinus nodal elec- 
“trode. However, when such an electrode was applied, 


animals ceased.to demonstrate sinus echoes. Elec- -` 


trodes placed. concentrically around the sinus nòde 


' were preemptively excited by sinus echo beats. Mul-. 


tiple early ‘responses .without ‘sinus configuration 
were occasionally seen to the left of the sinus echo 
“zone, and were found to be ‘ ‘vulnerability phenome- 


Complete and incomplete ‘interpolation: In Dog 


'- 18 (Fig. 5) the sinus escape interval was 420 to 425 — 


msec (A and L). Full returning cycles followed when 


“ the Ai-Aeg interval exceeded 200 msec (B,C,D-and | 


M). ‘From 195 t to 185 msec (E, F and G) Az was com- 


FIGURE 5. Dog ` 18. Atrial electrograms. Sinus echoes and inter- 


polation. ‘The last A; response is seen at the extreme left. The 
“sinus escape (SE) elicited In.A and, L falls 420 to 425 msec. 


led ses Ly 


‘after A;. In B:to K the Ai-Az interval Is reduced in 5 msec 


steps from 210.to 165 msec. B,C,D- and’ M (210 to 200 mgec)- 


‘show resetting of the node. The, returning cycle (Az—Sr) exceeds 
the sinus escape interval (A;—SE) by 20 msec. E,F and G (195 


‘to 185 msec) show complete Interpolation (Cl). H to K (180- ` 


_185 msec), sinus @choes (Ec) follow Az. N (Ai—Az, 195 msec) 
show compiete Interpolation followed by a sinus echo. Note 


sinus cycles following echoes (Ec~Sr) are longér than those - 


_ that follow complete Interpolation or the sinus escape interval. 


x 


Retrograde 
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f j . Le E p . ner y oe ea 
FIGURE g Effect of 2 test pulses (A2,A3) alone and- ‘together. on 
sinus node. The sinus escape beat (SE) is prolonged by. vagal | 
stimulation. R-L atrial, electrograms as in- Figure 4: For Pa dia 
tion see text. 


` pletely interpolated, the subsequent sinus beat fall- | 


ing precisely where the sinus escape beat would have | 
fallen in the absence of Az. When the A1-A2 interval 
was further shortened (180 to 165 ‘'msec) sinus. echoes 
appeared (H,I,J and K). This sequence was unex- 
pected. In other animals studied, with or without 
vagal stimulation, the shorter Ai-Az2 intervals 
showed interpolation, and the longer intervals 
evoked echoes. The phenomenon in N is the most 
difficult of all to explain: A complete interpolation is 
evidently followed by a sinus echo. One explanation 
is that the beat that behaves like a sinus escape beat 
is a late echo and that the subsequent beat is a sec- . 
ond echo. Another possibility is that the sinus es- 
capes (on time) through uninvaded portions of the 
node and reenters the same zone that was penetrated 
previously and abortively by the Ag impulse. In the 
absence of geographic mapping of the node with’ mi- 
croelectrodes, no conclusions can be drawn about _ 
this unusual sequence. Its clinical relevance is cons- 
siderable; it will be recalled that: sinus echoes i in, .. the 
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clinical case report (Fig. 2) not only followed other 
sinus echoes, but were seen on a few occasions after 
interpolations. These observations suggest that when 
an atrial premature beat is interpolated, a successful 
or abortive reentrant sequence may be occurring si- 
multaneously. 


Figure 6 shows that complete interpolation does not in 
fact indicate a failure of Ag to enter the sinus node: The 
animal, and hence the shape of the R-L atrial electro- 


TABLE II 


Vagal Stimulation: Dogs wlth Sinus Echoes (time in msec) 
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gram, is the same as in Figure 4. Under vagal stimulation 
the sinus escape time in A was 610 msec. Ag, placed at 
135 msec, was completely interpolated in B. Ag is the re- 
sponse to Ss, another test pulse placed at 215 msec. In the 
absence of Ag, A3 successfully discharged the sinus node 
in C producing a full returning cycle. In the presence of 
Aa, complete interpolation ensued (D), proof that nodal 
penetration or concealment of Az was sufficient to effect 
the perférmance of As. In E the sinus escape interval was 
redefined (600 msec). In F, Ag, placed 120 msec after A2, 


Position of Beat 
Subsequent to As 


Sinus 
Right Vagal Escape 
Dog Sı-S; Stimulation Interval 
no (msec) (4 msec pulses) (SEI) 
6 330 Control 460 
330 Continuous 10/sec, 1.8 v 520 
330 Continuous 10/sec, 2.6 v 550 
330 Continuous 10/sec, 3.0 v - 585 
330 Continuous 10/sec, 4.0 v 660 
330 Continuous 10/sec, 5.0 v 675 
7 dadn Pulse volleys 
8 Control 465 
400 2 hours later: cooled 555 
400 2 pulses 10 msec apart 580 
applied with last A, 
400 2 pulses applied 50 msec 600 
after Åi ; 
400 - 2 pulses applied 150 msec 620 
after A; . 
400 3 pulses applied with A, 
11 Continuous stimulation 
12 310 Control 400 
310 Continuous 10/sec, 3.0 v 490 
310 Continuous 10/sec, 3.6 v 520 
310 Continuous 10/sec, 4.6 v 560 
310 Continuous 10/sec, 6.0 v 615 
17 385 Control 510 
385 Control 510 
385 Control 510 
385 4.5v 620 
A* 380 810 
680 810 
. 680 810 
680 810 
680 810 


AAs (measured from Ay) Remarks 
185 4A5 Echo 
185 480 Echo 
185 495 Echo 
195 550 Complete interpolation 
195 790 Reset, SNRP = 195 
185 500 Echo 
. 185 525 Echo 
195 580 Complete interpolation 
185 470 Echo 
185 510 Echo r 
230 Reset, SNRP == 230 
: See Fig. 7 
205 425 Echo SNRP = 210 
240 485 Echo Min. A,-echo tlme 
245 Reset SNRP = 245 
240 510 Echo Min. A,-echo time 
240 615 Incomplete interpolation 
245 Reset SNRP = 245 
265-270 Reset SNRP = 265-270 
See Fig. 8 
180 350-360 Min. A;-echo time = 170; SNRP 
= 185 
188 378 Min. A;-echo time = 190 
190 393 Min. A.-echo time = 203 
194 395 Min, Ay-echo time = 201 
196 395 Min. A.-echo time = 199 
220 Reset SNRP = 220 
240 470 Echoes transiently obtainable 
250 Resets SNRP = 250 
< 250 Interpolation TE 
>280 Resets SNRP = 280 
<280 Interpolation 
210-240 540-519 Atrial echoes 
250 800 Complete interpolation 
260, 265 580-600 Sinus echo zone 
270-325 820-915 Incomplete interpolation 
3304- Resets Returning cycle = 825 (SEI -+ 15) 





* Dog A failed to demonstrate sinus echoes. 
Min. = minimal; SNRP = sinus nodal refractory period. 
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280- 
270 
.260 
250 
240 
230 


220 


‘REFRACTORY PERIOD OF SINUS NODE msec- 


210 





400 500 600 700 800 9300 
SINUS ESCAPE/RETURNING CYCLE TIMES msec 


FIGURE 7. Dog 11. Vagal stimulation expressed on the horizon- 
tal axis as function of sinus escape time. The closed circles 
represent the minimal A,Ap2 Intérval that discharges and resets 
the sinus node (that is, produces a full returning cycle). The du- 
ration of the returning cycle at this A;—Az value is plotted in 
open circles. The horizontal connecting bars measure the extent 
that returning cycle time exceeds sinus escape time. 


was outside the latter’s influence and discharged the node 
with a subsequent full returning cycle. As Ag was gradual- 
ly moved inward (G to J) in the fixed presence of ‘Ag, in- 
complete interpolation occurred with variable returning 
cycles (none of them full). In K, Ag is in the same position 
as it was in D, and complete interpolation is again elic- 
ited. Thus, Ag in this position left a refractory wake that 
affected the performance of any beat applied during the 
next 110 msec. It is concluded that when complete inter- 
polation is present, nodal entry fails to be manifest only 
because there is no beat to challenge its presence. Since 
the after effects of Ag lasted only 110 msec, one can addi-, 
tionally conclude that when incomplete interpolation of 
Az occurs, the delayed appearance of the sinus beat is in 
no part an exit delay related to the wake of Ag’s partial 
penetration. Incomplete interpolation was seen also in 
Dog 17. In this cooled animal (Tables I and II) sinus 
echoes were only transiently elicited. The sinus nodal re- 
fractory period was 250 msec. At progressively lesser 
A-2 intervals incomplete interpolation was seen, the ex- 
tent of sinus delay diminishing until complete interpola- 
tion ensued. With vagal stimulation the sinus nodal re- 
fractory period widened to 285 msec. Lesser Ai—Ag values 
produced the same interpolation sequence. 


The precise electrophysiology of interpolation re- 
mains conjectural. During the phase of incomplete 
‘interpolation, Az moves leftward and must undergo 


progressive conduction delay within the sinus node 
as the beat confronts an increasingly refractory bar- 
rier. In Dog 17, given that at an A;-A»2 value less 
than 285 msec the fiber or fibers responsible for the 
subsequent sinus impulse are not actively invaded 
and reset, the delay in the appearance of this im- 
pluse must be electrotonically mediated. The se- 
quence probably reflects a progressive decrease in 
the electrotonic flattening of the diastolic slope of 
the pacemaker potential or potentials.? This inter- 
pretation presupposes (1) that the entering impulse’ 
becomes extinguished at progressively greater dis- 
tances from the pacemaker or pacemakers, (2) that 
when this distance exceeds the nodal space constant 
complete interpolation results, and (3) that the en- 
tire sequence is not due to the discharge and reset of 
perinodal fibers,1# which would have to be slower in 
rate and possess a considerably shorter refractory pe- 
riod than the node proper. i 


Effects of Vagal Stimulation 


Vagal stimulation was performed to document (1) 
its effect on the sinus nodal refractory period, (2) its ` 
effect on sinus echo production and echo circuit 


-time, (3) the time-latency from vagal stimulus to 


physiologic effect in the case of (1) and (2), and (4) 
other qualitative changes. 


Vagus and sinus nodal refractory period: The mini- 
mal A,—Ag interval that produced a full returning cycle 
(the sinus nodal refractory period) was increased by vagal 
stimulation in the 5 animals in which the measurement 
was determined by various means (Dogs 6, 8, 11, 12, 17 
and Table Il). In Dog 11 (Fig. 7) the strength of vagal 
stimulation is signified by the step increases in sinus es- 
cape interval. The sinus nodal refractory period widened 
from 201 msec at the control sinus escape interval of 440 
msec to 276 msec when the sinus escape interval was 815 
msec. The sinus nodal refractory period was easy to deter- 
mine in this animal, which showed sinus echoes at A,~Ag 
values 5 to 10 msec less than those that evoked a full re- 
turning cyclé. It can be seen from the values for returning 
cycle duration that the ratio of returning cycle to sinus es- 
cape interval was least at minimal and maximal strengths 
of vagal stimulation and greatest (the returning cycle ex- 
ceeding the sinus escape interval by 90 msec) at interme- 
diate degrees of vagal effect. A similar effect was seen in 
Dog A (Table II). The reason for this biphasic phenome- 
non is unclear. In 1 animal already discussed (Dog 17), 
the sinus nodal refractory period was less easy to define. 
As the A;—Az was reduced, returning cycles gradually ab- 
breviated. Thus, the difference between incomplete intet- 
polation and a resetting of the sinus node was a matter of 
a few milliseconds. Vagal stimulation shifted this discrete 
transition point to the right (that is, to a greater Ay-Ag 
value). 

Vagus and sinus echoes: Vagal stimulation permitted 
a test pulse to induce sinus echoes in 1 animal in which 
they could not otherwise be elicited (Dog A, Table II). In 
dogs showing echoes, the minimal Aa-echo interval was 
increased by vagal stimulation. The measurement was 
made by recording Az-echo times at various A,—Ag inter- 
vals. The optimal value for the latter increased with each 
increment in vagal effect. The prolongation of minimal 
total echo circuit time is presumably the result of a vagal 
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‘impairment of. intranodal sence The minimal: echo 


ment in vagal effect. In Dog 12 (Table I) after widening 


from 170 to 203 msec, this circuit time remainéd virtually se 
unchanged during an additional 2. increments’ in- vagal’ ` 


stimulation. In’ Dog 6 (Table I) the. position of Ag’ was 


held constant 185 msec after Ai in the-control’ period and A 
during 5 incremental steps in the strength of vagal stimu-. `. 
lation. The Az-echo time, ‘after progressively. increasing, > 


shortened abruptly at the 2 greatest strengths of vagal 


stimulation. The interpretation of:this “skew” in vagal: . 
effect was that more rapid (or shallower). entrance or PE ie 


- . ress'echo pathways became available. 


The effect of vagal stimulation on the’ position ‘and’ ‘sta- 5 
bility of the sinus echo was studied in Dog 7 (Fig. 8). ‘Two. 
pulses 10 msec apart were delivered to the right. vagus at a‘ .. 
programmed time after atrial drive. The number of’basic ` . 
beats: (Ai). was increased to 50 to allow. for ‘vagolysis. be- > 
- tween each’ volley. ‘The volley was ‘delivered initially at < ! 
- the time of the sinus escape beat and moved progressively’, i 


to the left. A 40 msec rightward displacement of the sinus 
escape beat was seen when the volley was placed 230 msec 
before the position of the control sinus escape -beat. This. 


' latency of cholinergic effect is in accord with the findings . . 
- of de la Fuente et al.t5 A series of 5 vagal voltage steps". 
were tested with the volley in this. temporal position. > 


They produced a prolongation of the sirius escape interval 
‘from its control duration of 430 msec to 510.msec. 


A sinus echo was elicited by driving at-an EE 
equal to 260 msec and placing Az 200 msec after the last 
A. The sinus echo was invariably followed by. an atrial - 


(A-V nodal) echo: The volley’s position was now moved to, 


coincide with the last basic beat (A3). Cholinergic effect ` p 
(latency 230 msec) was thus established shortly after Az : ` 


‘and the initiation of the sinus echo circuit. The first 4 


voltage steps prolonged .by increments the conduction’ 
time of the sinus echo to the ventricle and prolonged the ` 
conduction from the ventricle back to the atrial echo. The” _ 
. position of the ‘sinus echo. was unaltered. ‘until the fifth ` 


voltage step, which moved the sinus echo 40: msec. to the 


right and evoked a second sinus echo that. preempted ' the 
occurrence of the atrial echo. Thus, in this experiment the . ` 


position. and integrity of the sinus echo appear.to be more 


resistant to right vagal stimulation than either‘the auto- .__ 
. matic function of the sinus node, the longitudinally disso; ` 
ciated A-V nodal pathways or simple an torsade, conduc- - 


tion within the A-V node. 


Dog 8 (Table II) was also steadied with vagal Soli de- 


livered either at the time of the last basic pulse. (A1) or at 
chosen intervals thereafter. Cooling had taken place after 


the initial recordings. The maximal echo: producing the’. 
_Ay-Ag value had shifted from’ 205 to 240 msec, an indica-™ 
tion of a cold-induced prolongation of the sinus nodal re- ’. 
fractory period, the value of which rose from 210 to 245. 
msec. The refractory period increased to 265 msec when -a - 
3 pulse volley was applied with the last Ay. When the vol- > 
ley was applied 150/160 msec after Ai, the refractory peri- . 
od assumed its control value of 245 msec. It appeared | that if 


_the volley became cholinergically active: too.late to pre- 


vent the test pulse Ag from entering and dischidrging: sinus . l 


node. 
Vagal latency—sinus nodal refractory. perii: The la- 


tency of vagal effect on the refractory. period of the sinus ` 
node was measured in Dog 11 by setting the A;-Ag inter- `. 


val at 200 msec, the value that defined the sinus nodal r re-' 


fractory period. A volley of 3 pulses 7 msec apart: was then - : 
delivered to the right, vagus 500. msec before Aż. Its effect: 
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- circuit time: was not linearly - increased with every incre- Ps 





' FIGURE 8. Dog 7. Effect of vagal volleys on sinus and atrial. 
-echoes: Scope display. as in Figure 7- The experiment is In 2 


parts. The black gaps In ‘each tracing, and its underlying horl- > 


zontal grid Indicate the progressive displacement of the: sinus 


escape interval from Its control position (top: 430 msec after 


Ay) which was found with various volley voltages. The volley (3 


“" pulses “10 msec apart) was applied 200 msec after S4, 230 
_msec from the control position of the sinus escape Interval. The 


second part of the experiment is recorded and shows the effects 
of the same serles of volleys when applied: with S4, In the pres- 


‘ence of the premature beat Az, the sinus echo so evoked, and 


the subsequent atrial {A-V nodal) echo: The vertical arrows sig- 


. nify the predicted onset of effect 230 msec after the volley. in 


tracings 2 to 6 the vagus prolongs A-V conduction and the cir- 
cult time- of the atrial -echo. The sinus echo Is unaffected untll 


- . the final voltage step (bottom) when it becomes delayed and is 
‘succeeded by, a second sinus echo. 


as sapeti was to prolong the sinus nodal ree peri- 
od. Ag at its fixed.position was now inside the sinus nodal 


‘refractory period and no longer produced full returning 
. cycles but repeatedly echoed or was interpolated. The vol- 


ley. was now moved to the right (that is, progressively 


| nearer: to. Az)-in steps of 10 to 15 msec. When the volley 
- was delivered 275 msec before Az; the subsequent sinus 
` beat formed a full returning cycle. In other words; at this 


temporal distance the onset of vagal effect was too late to 
enable the sinus node to confront.A2 with a refractory 


- barrier. The latency for vagal effect on the sinus nodal re- 


fractory period was thus 275 msec before test pulse Ag, 


à which defined the control sinus nodal refractory period. 


` Vagal latency—echo exit time: In the same experi- 
ment, the Aı-A2 interval was moved inside the control 


sinus nodal refractory period to 166 msec, and at this time 


it repeatedly produced a sinus echo 175 msec later. The 


` vagal volley was placed to the right of this echo and 
. moved to the left in 10 msec steps. Two hundred and 


twenty milliseconds before the control position of the echo, - 
the volley produced a 15 msec delay in appearance of the 


‘echo; the A2-sinus echo interval moved from 175 to 190 — 
_ msec.. This latency presumably represents the minimal 
' . time required for-right vagal stimulation to delay exit con- 
. ee in the outer edge of the sinus node. 


. The value of this latency measurement is. that it is 


established under the only circumstances in the in- 
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tact dog heart in which one can be reasonably cer- ' 


tain that the appearance time of a sinus beat (the 
echo) is not in part a function of diastolic pacemaker 
slope. Vagal effect1® on a sinus escape is a function, 
among other things, of (1) its depression of diastolic 
slope or slopes, and (2) retarded propagation of the 
“escaping” action potential or potentials across the 
sinoatrial junction. Since a sinus echo is not due to 
accelerated automaticity,® the latency of 220 msec 
refers to vagally induced intranodal conduction 
delay. It is slightly less than the latency for a reason- 
ably substantial effect on automaticity and 60 msec 
shorter than the latency required to prevent a pre- 
mature pulse Az from discharging the sinus pace- 
maker or pacemakers. 

Vagus and interpolation: Interpolation, uncom- 
mon in control experiments (Dogs 17 and 18), was 
easily produced during vagal stimulation. It was elic- 
ited in Dog 10 in the study of the concealment zone. 
‘Interpolation was seen also in Dogs 6, 8 and A 
(Table II). . 

Summary of effects of vagal stimulation: (1) It 
prolongs the refractory period of the sinus node (as 
' measured by the minimal A,-Agz interval that suc- 
cessfully discharges and resets the pacemaker). (2) 
At this A:—-Ag interval, the ratio of the returning 
cycle to the sinus escape interval reaches a peak and 
then shortens with marked vagal stimulation. (3) 
_ The transit time of a sinus echo becomes prolonged 
with vagal stimulation. This change may not be lin- 
ear. (4) Minimal latencies for substantial vagal effect 
were (a) automaticity: 230 msec before the control 
sinus escape beat; (b) conduction (echo exit) 220 
msec before the control position of a sinus echo; (c) 
sinus nodal refractory period (275 msec before an Ag, 
the position of which defines the control sinus nodal 
refractory period. (5) Complete and incomplete in- 
terpolation is elicited more readily with vagal stimu- 
lation than without it. (6) At times, vagal stimula- 
tion appears to produce a selectively stronger or 
weaker effect on- variable 4a, b or c. (7) Vagal stimu- 
lation will permit sinus echoes to be elicited when 
they are not demonstrable under control conditions. 
(8) Completely interpolated atrial premature beats 
enter the node and generate a secondary conceal- 
ment zone (Fig. 7). 

Discussion 

Early sinus responses to atrial premature beats 
have been noted for many years.17 Han et al. dem- 
onstrated that very premature atrial beats may enter 
only a discrete portion of the sinus node and emerge 
from another. For this event, the sinus node must be 


partially refractory and this state must be nonuni- 


form to permit penetration in one region, when pene- 


tration is elsewhere blocked. The subsequent passage 
of the impulse must be sufficiently retarded to per- 
mit recovery of the tissue by which exit is to take 
place. ; 

The sinus node resembles the A-V node in certain 
key respects: (1) Conduction velocity within it- is 
slow.18 (2) Impulses may become extinguished with- 
in it (concealed conduction) and leave a refractory 
wave. (3) The recovery of excitability lags beyond 
the recovery or repolarization of the action poten- 
tial.19 (4) The refractory period is relatively insensi- 
tive to changes in imposed driving frequency. (5) 
The sinus node may be a vehicle for reentrant phe- 
nomena, including possible repetitive sinus echo for- 
mation (sustained sinoatrial reciprocation). __ 

This study emphasizes the difficulties in trying to 
explain intranodal events in the intact animal. The 
interaction (with or without vagal effect) of sinus 
node repolarization, recovery of excitability and 
intranodal conduction on the responses (echoes, in- 
terpolation and so on) elicited in this study must re- 
main conjectural. The information gained in no way 
removes the need for further in vitro study along the 
lines we have pursued. The possibility that peripher- 
al nodal or perinodal cells14 with a longer refractory 
period determine the sinus nodal refractory period, 
in no way requires one to regard these cells as a sep- 
arate structure. The functional unity of the sinus 
node does not presuppose a precise electrical homo- 
geneity. i : 

It is conceivable that the isolated’sinus nodal echo 
appears more commonly than is realized in clinical 
tracings. It is easily mistaken for a second atrial pre- 
mature beat if P wave contour is not scrutinized. 
More important, it is possible that some clinical ex- 
amples of paroxysmal atrial arrhythmia or even 
sinus tachycardia are due to sustained sinoatrial re- 
ciprocation. The mechanisms of paroxysmal atrial 
tachyarrhythmia that are thus far proved or postula- 
ted have been recently reviewed by Wellens.2° They 
include reciprocation by way of the A-V node, loop . 
tachycardias by way of an anomalous A-V bundle, 
reentry around an A-V nodal bypass tract and the 
circus movement in many or all cases of atrial flut- 
ter. In none of these mechanisms is an upright, nor- 
mally oriented P wave to be expected during parox- 
ysmal tachycardia. We have shown that 2 to 4 suc- 
cessive sinus echoes are readily produced in both the 
human and canine heart. The final clinical signifi- 
cance of such phenomena remains to be determined. 


Acknowledgment 


We thank Dr. Gordon K. Moe and Dr. Dario Domizi 
for their assistance. 


References 


1. Eccies JC, Hoff HE: Rhythm of the heart beat. 2. Distur- 
‘bance of rhythm produced by late premature beats. Proc 
Roy Soc Lond [Biol] 11:327-351, 1934 

.2. Bonke FIM, Bouman LN, Van Rijn HE: Change of cardiac 
rhythm in rabbit after an atrial premature beat. Circ Res 


230 — February 1973 The American Journal of CARDIOLOGY 


24:533-544, 1969 : 
3. Goldreyer BN, Damato AN: Sinoatrlal-node entrance block. 
Circulation 44:789-802, 1971 
4. Bonke FIM, Bouman LN, Schopman FJG: Effect of an early 
atrial premature beat on activity of the sinoatrial node and 


Volume 31 


13 


atrial rhythm in the rabbit. Circ Res 29:704—715, 1971 


. Langendorf R, Lesser ME, Plotkin P, et al: Atrial parasystole 


with interpolatlon: observations on prolonged sinoatrial con- 
duction. Amer Heart J 63:649-658, 1962 


. Han J, Malozzi AN, Moe GK: Sino-atrial reciprocation in the 


isolated rabbit heart. Circ Ras 22:355~-362, 1968 


. Weldmann S: Effect of current flow on the membrane po- 


tential of cardiac muscle. J Physiol 115:227-236, 1951 


. Pick A, Langendorf A, Katz LN: Depression of cardiac 


pacemakers by premature impulses. Amer Heart J 41:49- 
57, 1951 - 


. Wallace AG, Daggett WM: Reexcltation of the atrium: “The 


echo phenomenon.” Amer Heart J 68:661-666, 1964 ~- 


. Narula OS, Samet P, Javier RP: Significance of the sinus 


node recovery time. Circulation 45:140-158, 1972 


. Gembetta M, de la Fuente DJ, Goldbarg AN, et al: Clinical 


studies using test pulses following atrial drive. In prepara- 
tion l 


. Mendez C, Gruhzit CC, Moe GK: influence of cycle length 


upon refractory period of auricles, ventricles, and A-V node 
in the dog. Amer J Physiol 187:287-295, 1956 
Moore EN, Melbin J, Spear JF, et al: Sequence of atria! ex- 


14. 


15. 


16. 


TZ.: 


18. 


19. 


20. 


SINUS NODAL ECHOES—CHILDERS ET AL. 


citation In the dog during antegrade and retrograde activa- 
tion. J Electrocardiol 4:382-390, 1971 

Strauss HC, Bigger JT Jr: The physlological role of the peri- 
nodal fibers (abstr). Circulation 42:suppi 3:68, 1970 

de la Fuente CJ, Jediicka J, Moe GK: Time course of vagal: 
effects on SA and AV nodes (abstr). Fed Proc 28:269, 1969 
Paes de Carvalho A, Hoffman BF, de Paula Carvalho M: 
Two components of the cardiac action potential. 1. Voltage- 
time course and the effect of acetylcholine on atrial and 
nodal cells of the rabbit heart. J Gen Physlol 54:607-635, 
1969 

Eccies JC, Hoff HE: Rhythm of the heart beat. 3. Distur- 
bance of rhythm produced by early premature beats. Proc. 
Roy Soc Lond [Biol] 115:352~368, 1934 

Hutter OF, Trautwein W: Vagal and sympathetic effects on 
the pacemaker fibers in the sinus venosus of the heart. J 
Gen Physiol 39:715-735, 1956 


Hoffman BF, Cranefleld PF: Electrophysiology of the Heart. 


New York, McGraw-Hill, 1960, p 119 

Wellens HJJ: Electrical Stimulation of the Heart in the Study 
and Treatment of Tachycardias. Baltimore, University Park 
Press, 1971 $ 


End of Symposlum 


February 1973 ‘The American Journal of CARDIOLOGY Volume 31 


231 


SPECIAL ARTICLE 





Atrioventricular and Intraventricular Conduction 


Revised Nomenclature and Concepts 


HANS H. HECHT, MD, FACC 
Chicago, Illinois 

CHARLES E. KOSSMANN, MD, FACC 
Memphis, Tennessee 


with the assistance of 

RORY W. CHILDERS, MD 

RICHARD LANGENDORF, MD, FACC 
MAURICE LEV, MD, FACC 

KENNETH M. ROSEN, MD, FACC 
Chicago, Illinois 

RAYMOND D. PRUITT, MD, FACC 
Rochester, Minnesota 


RAYMOND C. TRUEX 
Philadelphia, Pennsylvania 


HERMAN N. UHLEY, MD, FACG 
San Francisco, California 


THOMAS B. WATT, Jr., MD 
Houston, Texas 


This study was supported by the American 
Heart Association, Parke Davis and Compa- 
ny and Burroughs Welicome and Company. 
Support was also provided in part by the 
Chicago Heart Association (Grant CHA-70- 
50), U. S. Public Health Service Training 
Grants HE 05673 and HE 05793 and 
M.1.R.U. Contract PH-68-1334. 

Address for reprints: Charles E. Koss- 
mann, MD, University of Tennessee College 
of Medicine, 800 Madison Ave., Memphis, 
Tenn. 38103. 


Under the organizing chairmanship of the late Hans Hecht, a sym- 
posium on Atrioventricular and Intraventricular Conduction was held 
in Chicago on May 28-29, 1970 under the auspices of the American 
College of Chest Physicians and the Center for Continuing Education, 
University of Chicago. After an extended discussion on nomenclature 
in this area by more than 150 participants, the present authors con- 
vened themselves as a self-appointed committee to create a frame- 
work fora à revised nomenclature. 


‘The last 2 decades have seen many technical advances and new ana- 


tomic, physiologic and clinical observations that have modified and 
clarified some previous concepts of atrioventricular and intraventric- 
ular conduction in the heart. Because several different terminologies 
are currently used in this area, the authors of this document have for- 
mulated suggestions for a revised definition of terms and concepts. No 
new terms are proposed, but those used in the report have a definite 
anatomic or physiologic meaning and in most instances can be verified 
experimentally. The use of eponyms is discouraged, but since many 
are so ingrained in clinical usage and often have the advantage of 
brevity, they have been included, usually in parentheses. 

In recent years, several reports have appeared that are concerned 
with definitions of electrocardiographic terms.+-® These as well as the 
New York Heart Association monograph? and the periodic reports of 
the Committee on Electrocardiography of the American Heart Asso- 
ciation? should provide additional information and clarification. A 
brief glossary pertaining to the irregular heart is part of a recent 
physiologic seminar on atrioventricular and intraventricular conduc- 
tion.5 l 


I. The Atrioventricular Nodal Region 


The anatomic subdivisions of the conducting system and the func- 
tional clinical groupings are listed in Table I and appear in semidi- 
agrammatic fashion in Figures 1 and 2. The atrioventricular (A-V) 
nodal region is divided into 3 anatomically distinguishable areas: (1) 
the approaches to the A-V node (superior, middle and lower or infe- 
rior); (2) the A-V node (Aschoff-Tawara); and (3) the origin of the 
penetrating portion of the A-V bundle (His). The approaches to the 
region and the node itself are subject to vagal influences; the lower 
regions of the node are essentially independent of these neural effects, 
since they are sparsely supplied with fibers of the vagus nerve. 

Fibers from the atria approach the A-V node at all levels, includ- 
ing fibers that enter only a portion of the node at its lowest region. 
The latter are not likely to share in the delay of impulse conduction - 
characteristic of nodal transmission to the same degree as those tra- 
versing the entire length of the node. They may thus be considered 
equivalent to or the same as the “‘bypass fibers” of James.6 
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Right fibrous trigone 


Approaches to 


T ae 


“AV node— 


FIGURE 1. The atrioventricular conduction 
system. Diagram of A-V junction viewed 
from the right side of the heart. Conduction 
tissues components are black. The annulus fi- 
brosus and right fibrous trigone are stippled; 
the origin and course of the paraspecific fl- 
bers to the upper interventricular septum 
(Mahaim'®) are indicated as dashed arrows 
(superior septal fibers). ant. = anterior; 
fasc. = fascicle; AV «= atrioventricular: inf. 
= Inferior; IV = interventricular; LBB = left 
bundie branch; pap.M = papillary muscles; 
post. = posterlor; RBB = right bundle 
branch; RV = right ventricle; Sup. = superi- 


helpful. The electrophysiologists have differentiated 
AN, N and NH regions of the A-V node, which may 
or may not coincide with the anatomic definitions 
cited.? Although these designations are of consider- 
able use in clarifying electrophysiologic properties 


observed by recording transmembrane potentials ` 


from fibers within a given nodal area, they have lim- 
ited meaning for anatomic or clinical applications. 
Several earlier investigators introduced the elec- 
trocardiographic terms of upper, middle and lower 
nodal regions, rhythms and beats. These terms were 
coined on the basis of the “morphology” of the P 
wave and its relation to the accompanying QRS 
complex as recorded by standard bipolar limb leads. 
Both the configuration of the P wave and its time 
relation to the QRS complex depend not only on the 
site of impulse formation, but also on many factors 
related to basic electrophysiologic characteristics of 
tissues adjacent to the site of impulse formation. 
These terms, therefore, now appear less useful than 
they may have been in the past. It is recommended 
that they be discontinued. The same considerations 
apply to terms like coronary sinus, coronary nodal 
and left atrial rhythm and beats, and similar electro- 
cardiographic semidefinitions with anatomic conno- 
tations. It cannot be denied that stimulation of spe- 
cific areas may lead to P-QRS relationships of the 
kind described by the duthors who proposed these 
terms. However, recent experimental studies have 
indicated the inappropriateness of overdefining such 


electrophysiologic phenomena in anatomic terms.8:9 . 


These definitions appear to be among those best 
omitted from current clinical electrocardiographic 
nomenclature (see Table VII). 

There is need to describe certain rhythms and 
beats which have anatomic origins that cannot be 


Anulus fibrosus 


Mural terminal ramifications 
(anterior and lateral walls 
or. of RV; and post. pap. mM 


Other subdivisions proposed for this region and in- - 
troduced for a specific purpose are less likely to be 
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Penetratin 
part of AV bundle 


Non-branching part of AV 
bundle (except some early 
fibers of LBB dnd superior 
septal fibers of Mahatm) 


Location of 
Pai septum 


- Posterior fasc. 
p” bor LBB 
ay ee ant. fase 












$ 


: “RBB 
Sup. septal fibers 


2 


determined precisely from the electrocardiogram. 
The term atrioventricular junction is recommended 
to cover an area that is not synonymous with the 
term atrioventricular node but includes the approach 
fibers and the nonbranching portion of the A-V bun-, 
dle (Table I, Fig. 2). In a given patient, the term 
junctional beat or rhythm should be used when a 
subsidiary pacemaker produces a QRS complex in- 
distinguishable in form in multiple surface leads 
from those seen during sinus or other truly supraven- 
tricular rhythms. Essentially, the transection of the 
node or bundle at levels above the point of origin of 
the earliest fibers of the left bundle branch results in 
A-V block; stimulation of this region should produce 
QRS complexes of a form similar to that encoun- 
tered during periods of normal excitation. Slight 
changes in the configuration of the QRS Sie 
occur in impulses apparently arising from the lowest 


Inf. septal terminal 
<— ramifications (on 
lower IV septum 
and anterior pap. M) 





Subjuhctional tissues 
(Numbers 5-8) 





Junctional tissues 
(Numbers l-4) 


FIGURE 2. Diagram of conduction tissue components that form 
the Junctlonal and’ subjunctional reglons.- The junctional region 
includes (1} approaches to the A-V node; (2) A-V node; (3) 
penetrating portion of A-V bundle; and (4) nonbranching, non- 
penetrating portion of A-V bundié. The subjunctional region in- 
cludes (5) branching portion of A-V bundle; (6) posterior fascl- 
cle of left bundle branch (LBB); (7) anterior fasclcle of left bun- 
dle branch; and (8) right bundle branch (RBB). 
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TABLE! 


Atrioventricular Conduction System 


Approach flbers to the A~V node 
Superlor 
Middle 
inferior 
A-V node 
A-V bundle . 
Nonbranching 
Penetrating 
-= Nonpenetrating 
Branching 
Bundle branches 
Main left bundle branch 
Posterior fascicle 
Anterior fascicle 
Right bundle branch 


Junctlonal area 


Subjunctional area 


} Bifurcation 


part of the nonpenetrating A-V bundle. These mini- 
mal aberrations may be caused by early conduction 
through fibers leaving the main bundle at a more 
proximal site than usual or through the paraspecific 
fibers of Mahaim and Winston.*° 


His Bundle Recordings 


The use of atrial pacing, the reintroduction of 
vagolytic agents and refinements in intracardiac 
‘electrocardiography have aided in the location of 
rhythms or lesions in the junctional area and pre- 
sumably from the predivisional portions of the bun- 
dle branches. His bundle electrograms in particular 
aré identified as recorded events arising in a region 
presumably located within the nonpenetrating por- 
tion of the common bundle. This new technique has 
proved to be a major advance in clinical electrocar- 





Normal Intervals 


| PH=119£38 msec. 
5 P-A =27+18 msec. 
: A-H=92 £38 msec. 
HR =43212 msec. 





FIGURE 3. The electrocardiographic subdivisions of A-V con- 
duction (see text). 


diography. The following brief description of the 
electrocardiographically identifiable segments of 
A-Y conduction as obtained by direct recording from 
the His bundle follows closely the nomenclature pro- 
posed by several groups (Fig.-3).11-14 If the bipolar 
recording catheter is properly positioned at the tri- 
cuspid valve with frequency response cutoffs at 40 
Hz (low) and 500 Hz (high), a record (HBE) will be - 
obtained which consists of an atrial electrogram (A), 
a His bundle electrogram (H) and a ventricular elec- 
trogram (V) (Fig. 3). Positioning of the catheter fur- 
ther into the right ventricle along the ventricular . 
septum may allow the recording of a right bundle 
branch potential (RB). A recording catheter placed 
just below the aortic valve on the ventricular septum 
may allow recording of a left bundle branch potential 
(LB).14.15 These potentials are recognized by (1) the 
site of the recording electrodes; (2) the form of the 
deflection obtained; and (3) the ‘time of occurrence of 
the potential in the cardiac cycle. Further validation 
may be obtained by pacing with the recording elec- 
trodes. i 
The recording of A-V nodal potentials by the elec- 
trode catheter technique remains controversial, since 
the tracings are difficult to separate from those of 


' the atrial electrogram. In most studies, one or sever- 


al standard electrocardiographic leads are recorded 
simultaneously with the His bundle electrogram. 
The following intervals are recognized and can be 
measured in patients: 

Measurements of A-V conduction time. 1.. P-H: 
From the onset of the P wave to the first high fre- 
quency component of the His bundle electrogram 
(normal 119 + 38 msec). 

2. A-H: From the first high-frequency domiponent 
of the atrial electrogram to the first high-frequency 
component of the His bundle electrogram orma 92 
+ 38 msec). 

3. P-A: From the onset of the P wave to the ribet 
of the atrial electrogram (normal 27 + 18 mséc). 

Both the P-H and A-H intervals are useful indica- 
tors of A-V nodal conduction time. Patients with a 
prolonged P-R interval (first degree A-V block) and 
a QRS complex of normal duration generally have 
prolongation of both the P-H and A-H intervals. On 
rare occasions, prolongation of the P-A interval 
alone (with normal A-H) is responsible for the pro- 
longation of the P-R interval. In these cases, the 
delay is presumably intraatrial (intraatrial block). 

Measurements of intraventricular conduction 
time: J. H-R: From the first high-frequency compo- 
nent of the His bundle electrogram to the onset of 
the QRS complex in a surface electrocardiogram (the 
earliest deflection if several electrocardiographic 
leads are recorded). This measurement approximates 
conduction time from the His bundle to the onset of 
ventricular activation (normal 43 + 12 msec). 

2. H-V: From the first high-frequency component 
of the His bundle electrogram to the onset of the 
ventricular electrogram. Its duration approximates 
that of the H-R interval but may be a little shorter. 
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H-V (or H-R) prolongation with a narrow QRS 
complex presumably represents delay in the lower 
nonbranching portion of the His bundle. However, 
approximately equal delays in both bundle branches 
(a type of incomplete bilateral bundle branch block) 
could also prolong the H-V interval without widening 
the QRS complex. In patients with bundle branch 
block, H-V prolongation generally reflects slowing 
of conduction in the still functioning bundle branch 
(another type of bilateral bundle branch block). H-V 
prolongation with a bundle branch block configura- 
tion of QRS could also reflect a delay in the His 


bundle and a unilateral complete bundle branch — 


block. 

3. The H-V subintervals (H-RB, H-LB, LB-V 
and RB-V): These intervals are measured from the 
His bundle potential to the respective bundle branch 
potentials and from the bundle branch potentials to 
the earliest QRS deflection in the ventricular elec- 
trograms. 15:16 

To summarize, the P-H interval provides a mea- 
sure of the conduction time through the atria, the 
approaches to the A-V node, the A-V node itself and 
the nonbranching portion of the A-V bundle. Since 
the greatest part of this interval is consumed by pas- 
sage of excitation through the A-V node, it is an ac- 
ceptable index of the time of conduction through 
that structure. 

The H-R interval defines the time from the onset 
of the H deflection in a unipolar or bipolar His bun- 
dle electrogram to the earliest onset of a ventricular 
deflection (Q or R) recorded simultaneously in a sur- 
face bipolar or unipolar electrocardiogram. If the 


onset of ventricular excitation in the endocardial ' 


electrogram is used as a reference point, it is called 
the H-V interval. Although the H-V interval is the 
preferred measurement, the choice is made on the 
basis of clarity and earliest occurrence of the ventric- 
ular deflections. The interval describes that part of 
the A-V conduction time spent in transit from the 
His bundle to the ventricular muscle. 

A discussion of His bundle records is included here 
because it adds new physiologic concepts to anatom- 
ic and clinical considerations. It is obvious that the 
exact site of origin of the recorded deflections re-- 


mains approximate. However, the spike obtained - 


clearly separates an upper from a lower junctional 
region, at least physiologically. For the electrocardi- 
_ographer, the P-R interval henceforth is subdivided 
into at least 2 main subdivisions, a fact of consider- 
able clinical importance. 


Il. The A-V Bundle (His), Bundle Branches and 
Terminal Fascicular Network (Purkinje) 


An understanding of the physiologic significance of 
the A-V conduction system and its divisions requires 
some discussion of the experimentally induced. and 
clinically observed lesions of the system. Section M 
will discuss such abnormalities in detail. 

A-V bundle (His): This bundle begins with the 
penetrating portion of the common stem, which is 
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also part of the anatomic A-V junction. Its non- 
branching portion (“common stem”) is divided into 
penetrating and nonpenetrating parts. The common 
stem terminates where the posterior fibers of the left 
bundle branch leave it, and a bifurcation of sorts oc- 
curs. The true bifurcation defines a more distal re- 
gion of separation of the right bundle branch and the 
anterior fibers of the left bundle branch (Table I, 
Fig. 1 and 2). Portions of the common stem of the 
A-V bundle (penetrating and nonpenetrating) may 
be the site of origin of paraspecific fibers (Ma- 
haim).4° Their significance and conducting proper- 
ties in the normal heart have not been fully estab- 
lished. It is possible, but not proved, that a rich de- 
velopment of the paraspecific fibers may play a part 
in certain forms of anomalous A-V excitation. l 

Left bundle branch: This branch is composed of 
multiple fascicles, and these in turn may be grouped 
into divisions or rami (Fig. 4). It is not certain 
whether individual fibers or strands in the main 
stem of the A-V bundle and in the undivided (predi- 
visional or prefascicular) portion of the left bundle 


‘branch itself supply a specific region of myocardium 


and are identifiable as such, or whether within the 
main stem of the left bundle branch transverse con- 
duction is sufficient to guarantee essentially normal 
spread of excitation through the entire left subendo- 


cardial network, even if conduction through a por- 


tion of the main stem is blocked. Recent morpholog- ` 
ic observations seem to indicate the occurrence of 
longitudinal partitioning of strands within the main 
bundle which may bear on this question.?? 

Slowing of conduction through the undivided or 
predivisional portion of the left bundle branch could 


y h 
Š . tal 


_ Ant. fasc. LBB-——> 


R 


OE | S ae 


ramifications 
(to ant. septum, Septal terminal 
ramifications 


ant. and lat.wall 

of LV; andant. (to lower septum 

pap. M) and apical wall 
of LV) 


FIGURE 4. The left bundle branch system. Relations and distri- 
bution of human left bundle branch of conduction tissue (LBB, 
black) viewed from left side of heart. Site of origin of Mahalm 
fibers (when present) are indicated as dashed arrows. The right 


A Non-coronary — 
#/ cusp of aorta 





een fasc. LBB 


Post. a 
ramifications 
(to lat. and post. 
wali of LV; and 
post. pap. M) 


’ coronary and noncoronary aortic cusps and the: membranous 


Interventricular septum (MS) are indicated for orientation. Three 
major divisions are usually identiflable (see text). lat. = lateral; 
LV = left ventricle; other abbreviations as in Figure 1. 
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result in incomplete left bundle branch block. The 
‘same electrocardiographic configuration may be 
caused by a uniform delay of conduction within the 
entire left ventricular conduction system, the conse- 
quence, for example, of a reduction in the cellular 
resting potentials, decreased slope of depolarization 
and reduced velocity of propagation. Such incom- 
plete forms, manifested by an electrocardiographic 
configuration suggestive of the complete lesion but 
with a normal or only slightly increased width of the 
QRS complexes, have been observed frequently dur- 
ing recovery from complete unilateral block by ear- 
lier experimenters and continue to be of interest.18-24 
The electrocardiographic effects of certain drugs, of 
pressure “injuries” such as might occur during cardi- 
ac catheterization, and of electrolytic disturbances 
(particularly those associated with high concentra- 
‘tions of extracellular potassium) may be explained 
on this basis, although they may also be caused by 
failure of or delay in intramural myocardial conduc- 
tion. An apparent combination of an incomplete 
_ right bundle branch block with an additional tran- 
sient delay in intramural conduction after oral inges- 
tion of potassium is illustrated in Figure 5.25 
Subdivisions of left bundle branch: Although the 
angle of the branchings of the left bundle differs in 
different species and may vary. from person to per- 


TABLE Il 
Divisions of Bundle Branches 


l. Left bundle branch (predivisional segment or “main stem") 
A. Anterior fascicle (divislon or ramus) 
1. Terminal Purklnje network 
B. Posterlor fascicle (division or ramus) 
l. Terminal Purkinje network 
C. Medlal or septal fascicle (division or ramus) 
1. Terminal Purkinje network 
Il. Right bundle branch (predivisional segment or ‘‘maln 
stem”) 
A. Fascicular network 
1. Anterior 
2. Lateral 
3. Posterior 


l 


FIGURE 5. Diffuse intraventricular (intramu- 
ral) conduction delay during transient hyper- 
kalemla {Ingestion of 8 g [200 mEq] of po- 
tasslum salts} superimposed upon an exam- 
ple of “incomplete” right bundle branch 
block. Plasma potassium in mEq. Film speed 
50 mm/sec. (Reprinted by permissioh from 
Brown et al.25) 


son, the anterior fascicle (division or ramus) and the 
posterior fascicle (division or ramus) can be recog- 
nized. When one division is blocked and conduction 
through the other is preserved, distinct electrocar- 
diographic alterations result. During the early days 
of electrocardiography, Rothberger and Winter- 
berg,18 Lewis?! and Wilson and Herrmann?® pro- 
duced the experimental evidence. Further detailed 
studies in various mammalian species were reported 
much later.2&31 Clinical implications of these obser- 
vations were recognized eventually?8-31,82 and led to 
a variety of elegant clinical studies. Rosenbaum et 
al.83 provided important clinical and experimental 
observations and assigned the terms anterior and 
posterior hemiblock to lesions of the subdivisions of 
the left bundle. The sizes of the divisions vary, nu- 
merous anastomoses are common and, as pointed out 
by earlier investigators,18.19 an additional subdivi- 
sion can be identified commonly in the lower portion 
of the left branch (at least in several mammalian 


‘species). The term hemiblock, while quick and easy, 


may prove to be too restrictive, both on morphologic 
and functional grounds. Preferable are the terms an- 
terior and posterior fascicular or divisional block of 
the left branch of the atrioventricular bundle (Fig. 4, 
Table H). The extensive interlacing of fascicles of the 
left bundle branch system in fact, as noted, allows a 
reasonably clear identification of at least a third di- 
vision, the medial or septal fascicle of the left bundle 
(Fig. 4). i 

Rosenbaum ’s definition of hemiblock implies little 
change from normal in the direction or magnitude of 
the initial QRS vectors. The relatively frequent elec- 
trocardiographic configuration of incomplete left 
bundle branch block cannot easily be placed in the 
framework of a hemiblock, since it is characterized 
by a change in the initial vectors manifested by the 
absence of a Q wave in lead I and in the left precor- 
dial leads. The QRS complex is often identical, ex- 
cept for width, to the QRS complex of complete left’ 
bundle branch block. These changes, as stated ear- 
lier, may be caused by slowing of conduction in the 
main (predivisional) stem of the left bundle branch. 
A similar electrocardiographic change theoretically 
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may be evoked by block affecting the. medial or sep- 
tal fascicles described earlier, or by limited subendo- 
cardial infarction on the left side of the interventric- 
ular septum. 

The use of the term incomplete bundle branch 
block as a designation of a complete block of a single 
division or ramus of the left branch (that is, anterior 
or posterior) as contrasted to slowed spread of exci- 
tation through the entire left branch system, while 
logically admissible, is discouraged. For the latter, 
the terms anterior or posterior fascicular or division- 
al block appear more appropriate. 

The descriptive adjectives anterior and posterior 
for the divisions of the left branch are preferred to 


superior and inferior, since the former are commonly .. 


used in referring to the respective papillary muscles. 

Right branch of A-V bundle: The right bundle 
remains undivided for a greater extent than does the 
left but eventually breaks up into a basketwork of 
fascicles involving the septal and free walls of the 
Tight ventricle. Experimentally induced lesions of the 
anterior, septal and posterior subdivisions of the 
right bundle branch produce electrocardiographically, 
recognizable changes.26 At present, however, it is not 
‘possible to develop acceptable criteria for recognition 
of lesions affecting specific subdivisions of the right 
branch in man. 

Terminal fascicular network (Purkinje): In the 
lower portion of the ventricular chambers, the fasc- 
icles or divisions of the bundle branches subdivide 
further into a fascicular network, which also differs 
from one species to another. An anatomic definition 
of the specialized conduction fibers of the Purkinje 
type which are present, throughout the A-V bundle 
and the branches need not necessarily apply to all 
fibers displaying the clearly defined electrophysiolog- 
ic characteristics of “Purkinje fibers,” 
deed specific and well recognized. 4 Nor i is it under- 
stood whether the electron microscopic appearance 
(sparseness of an intracellular tubular network, near 
random distribution of contractile units) or glycogen 
content is absolutely required for the electrophysio- 
logic specificity. In view of this uncertainty, the term 
terminal fascicular network (Purkinje and transition- 
al fibers) should be used to describe the portion of 
the specialized conduction system that lies between 
the major subdivisions of the bundle branches and 
the myocardium proper. The label should not be ap- 
plied to fibers or bundles composed of cells superfi- 
cially resembling Purkinje cells and occurring else- 
where in the heart. 


lll. Defects in Atrioventiculat and 
intraventricular Conduction 


A-V Conduction Defects 


Failure of the conducting mechanisms might be 
considered incomplete or complete. A complete non- 
conduction ofan impulse over the A-V conduction 
system may be organic, the result of-a structural le- 
sion, or functional, occurring as a result of the spe- 
cial circumstance. of physiologic refractoriness, or 


which are in- ` 
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- TABLE Ill 


Disturbances of Atrioventricular Conduction 





|. A-V dissoclation without block (intact antegrade trans- 
l mission) 
A. Depressed atrial pacemaker with junctional or sub- 
junctional escape (with retrograde block) 


‘B. Accelerated junctional or subjunctional rhythms (with 
retrograde block) 
1. Complete atrioventricular dissociation 
2. Incomplete atrioventricular dissoclation (dis- 
sociation with ventricular capture) 


It. A-V block (blocked antegrade transmission) 
A. Incomplete: delayed A-V conduction (prolonged 
P-R interval, first degree A-V block) 
1. Junctional: prolonged P-H interval 
2. Subjunctional—high: prolonged H-R (or H- 
V) interval 
3. Subjunctional—low: form of incomplete bi- 
; lateral bundle branch or more distal block, 
prolonged H~R (or H-V) interval 
4, Combined forms 


B. incomplete A-V block with occasional or frequent 
dropped beats: (second degree A-V block) 

1. Junctional 

a. Progressive increase in P-H interval with 
dropped beats (Wenckebach periods, 
Mobitz type |) 

b. Constant P-H intervali (normal or pro- 
longed) with dropped beats (Mobitz 
type l1) 

2. Subjunctional—high 

a. Progressive increase in H-R (or H-V) 
interval with dropped beats 

b. Unchanged H-V interval (normal or pro- 
longed) with dropped béats (Mobitz 
type II) 

3. Subjunctional—low: intermittent bilateral 
bundle branch or more distal block (Mobitz 
types | and II) . 

4. Combined forms (atrioventricular block the 
result of junctional and subjunctional con- 
duction disturbances) 


C. Complete: independent atrial and ventricular rhy- 
thms (third degree A-V block) 

1. Junctional (no H after P, ventricular rhythm 
with normal H-V interval, normal or slightly 
abnormal QRS) 

2. Subjunctional (normal P-H Interval of blocked . 
P; abnormal, rarely normal QRS) 

a. Blockin predivisional stem of both bundle 
branches (complete bilateral bundle 
branch block) 

b. Complete multifascicular block (complete 
trifascicular block) 

3. Combined forms 


lil. Combined forms of A-V.conductlon anomalies (A-V block — 
with escapes) 
A. Incomplete A-V block with Incomplete A-V dissocia- 
tion (ventricular captures) 
B, : Incomplete A-V ‘block with complete A-V dissociation 
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more generally because the atria and ventricles are, 


dissociated and responding to their own respective 
pacemakers (complete or incomplete A-V dissocia- 
tion). Both mechanisms of block may be present si- 
‘multaneously. An incomplete conduction defect 
implies a slower than normal conduction velocity 
within the tissue under consideration with or with- 
out intermittent complete interruption. It may be 
caused by a variety of factors influencing transmem- 
brane ionic transport and core conduction within the 
fibers. Some investigators have defined a partial-.de- 
fect in conduction as complete block of part of the 
_ system while some part continues to conduct at a 
normal rate of speed. This can be visualized as nor- 
mal conduction in a single strand of a fascicle or, in 
reference to the left bundle branch, block in one di- 
vision and conduction in thè other. Since the latter 
circumstance is already covered by the terms anteri- 
or and posterior fascicular block, and the former cir- 
cumstance probably cannot be recognized by means 
of clinically used leads, it is recommended that the 
term partial block be avoided in describing clinical 
records. 

Incomplete disturbances in A-V conduction 
(conduction delay): These disturbances involve the 
well-known varieties of changes in the P-Q or P-R 
interval. Conduction, although impaired, is possible 
over the entire system at least part of the time 
(Table M). 

His bundle electrograms allow a more precise lo- 
calization of the various forms of A-V block than 
heretofore possible, information that has proved of 
considerable practical value. Incomplete A-V block 
with progressive prolongation of A-V conduction 
time and dropping of beats (Wenckebach periods) is 
usually caused by disturbances in the P-H interval 
‘indicating block in the A-V nodal or upper junction- 
` al regions (Fig. 2). The form of A-V conduction dis- 
turbance with blocked beats without progressive 
changes in the A~V conduction time of the preceding 
- beats (Mobitz type II) is usually due to involvement 
of the lower portion or multiple branches of the His 


H -H' 390 | 


bundle and is manifested by a prolonged H-V inter- 


= val. 35 


There are enough exceptions to this general state- 
mentit to warn against adopting an attitude that 
automatically assigns a precise anatomic location to 
various forms of incomplete A-V block. However, 
even in the absence of His bundle records, the terms 
incomplete (first and second degree) and complete 
(third degree) A-V block should be amplified by 
more specific definitions (Table II). The usual A-V 
conduction disturbance with decreasing increments 
of. prolongation of P-R interval and dropping of 
beats (Wenckebach phenomenon) is sometimes re- 


ferred to as Mobitz type 1.36* The incomplete block 


with dropped beats without preceding changes in the 
P-R interval is ascribed to lesions or dysfunction of 
the divisions and subdivisions of the bundle branch- 
es. Often these yield, when: A-V conduction occurs, 
various forms of QRS complexes described as show- 
ing “bilateral” bundle branch block (see later). 

The definitions given in Table III are essentially 
electrocardiographic, and their anatomic-pathologic 
association is implied rather than established for 
each case. Peculiar types of pseudoblocks imitating 
various forms of A-V block have been known to 
occur for some time.39 These have been demon- 
strated by endocardial electrocardiography to be 
blocked His bundle premature systoles simulating 
A-V block with dropped beats (Fig. 6).4° Prognostic 
and therapeutic implications depend on an accurate 
diagnosis; in some instances this may require His 
bundle recordings. 

Complete A-V dissociation: This descriptive 
term indicates the existence of at least two indepen- 
dent rhythms, one arising in the atria, the other in 


*Wenckebach®’ described the periodic dropped beats ("‘per- 
lodischer Systolen Ausfall’’) from pulse curves In 1898 including 
the successively increasing a-c Interval in the jugular phiebo- 
gram. He grouped the simpie prolongation of A-V conduction 
and the “Wenckebach periods” under type | of Incomplete A-V 
conduction disturbances. His type || Is Identical with Mobitz’ 
definition. 3® 


FIGURE 6. ‘Pseudoblocks.’’ Lower tracing, 
apparent incomplete A-V block (Moblitz type 
Il) caused by a His bundle extrasystole (H’) 
with both antegrade and retrograde biock. 


ie | The extrasystole (H’) produced concealed 
P conduction Into the A-V node with block of 

the following sinus beat (P wave). Upper 
H tracing (lead li—not simultaneous) shows a 


similar phenomenon of apparent incomplete 
A-V block, 1 apparent prolonged P-R inter- 
val (second P) and 1 apparent dropped beat ` 
(seventh P). (Reprinted by permission from 
| Rosen et al.*°} 
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the junctional tissues or within the specialized ven- 
tricular tissues (Table IHI). A-V dissociation as op- 


posed to A-V block is never a primary disturbance. 


It may occur with an essentially intact conduction 


system and be caused either by acceleration of junc- 


tional or ventricular rhythms or by excessive slowing 


of atrial (including sinus) rhythms accompanied by. 
subjunctional or ventricular | 


escaping junctional, 
_ thythms.4? Its clear separation from complete heart 

block was first suggested by White and Viko.*# 3 

Complete A-V block: A complete interruption of 
the A-V pathway by an anatomic lesion or lesions 
(blocked transmission) causes the classic complete 
A-V block. The locus may be single or multiple any- 


where along the junctional or subjunctional conduc-~ 


tion pathways. Blocked A-V transmission due to 
complete bilateral bundle branch block or complete 
multifascicular block is likely to be indicative of 
widespread subjunctional lesions and carries a differ- 
ent prognosis from discrete involvement of- the 
smaller-sized region of the upper portions of the A-V 


conduction system: (junctional or complete common 


stem block). The relatively benign course of the 


cases described by Lev4? belongs to this latter group; 
the stability of the subsidiary pacemaker is a major 


factor in the usually favorable prognosis. 

A-V dissociation with ventricular capture: Any 
degree of incomplete. A-V block or none at all may 
be present in examples of atrioventricular dissocia- 
tion with ventricular capture. This term is preferred? 
over interference-dissociation (introduced by Mo- 
bitz) and dissociation with interference (used by 
Rothberger and Winterberg4*). At the time they 
were coined these terms were applied to several 
forms of A-V dissociation with coupled rhythms. 


They are still confusing, since interference is some-. 


times used to describe instances of physiologic re- 
fractoriness responsible for nonconduction rather 
than for the mechanism of the interruption of one. 
Thythm by the conducted impulse (capture) of the - 
other. 

As stated, dissociation: with capture may occur 
with or without associated A-V block of the several 
forms (Table II). This event is dependent on the 
previous state of the A-V conduction system and on 
the rate of the 2 pacemakers. 

Retrograde conduction: Thus far, only forward or 
antegrade conduction has been considered. The same 


rules and gradations apply to retrograde conduction 


(ventriculoatrial or V-A conduction). Different de- 
grees of conduction disturbances in either direction 
may coexist with complete. impairment in one direc- 


tion only (unidirectional block). Complete block in . 


one and normal conduction or incomplete block in 
the other direction occur both in the junctional and 
subjunctional tissues. 

Unequal distribution or magnitude of depression of 


conduction in the A-V node can lead to functional 
longitudinal dissociation which permits reciprocal . 


beats (return extrasystoles or echoes).** Atrial echoes 
may occur after prolonged antegrade and ventricular 


echoes after prolonged retrograde conduction; they 
can initiate a self-sustained reciprocal rhythm (re- 


-elprocating tachycardia). Longitudinal dissociation 


also may be caused by the existence of separate 


. pathways within the non-branching segment of the 


common bundle (Fig: 1).* 
The electrocardiographic nomenclature in in- 


_stances of retrograde conduction or of circumstances 


influencing conduction in either or both directions is 
reasonably straightforward. Yet terms like reversed 
Wenckebach phenomenon or pseudo-reciprocal beats 
are probably best omitted, since they can be more 
adequately described with the existing nomencla- 
ture. Reversed Wenckebach phenomenon has been 
applied to the description of 2 different phenomena: 
(1): Wenckebach periods of retrograde conduction 
(and that is now its preferred use), and (2) the biz- 
zare condition in which the P-R interval of conduct- 


- ed beats gets progressively shorter because the R-P 


interval gets progressively longer. On the other hand, 
in light of the obvious occurrence of recriprocal 
rhythms or beats (echoes), the terms reciprocal or 
reciprocating tachycardia should be retained. 
Concealed conduction: This term‘? refers to the 
phenomenon of partial penetration with altered 
function of a conducting tissue by an impulse. It has 
been -documented by means of direct recording to 


. occur in.all portions of the conduction system, but 


especially in the A-V junction. In the absence of di- 
rect recordings it is recognized by its effect on events 
subsequent to the beat that produced it, that is, on 
the duration of conduction or rate of formation of 
subsequent impulses or a combination of both. The 


effect is usually a depressant one: delay or blockage 


of conduction or of discharge of a subsidiary pace- 
maker. Under special circumstances concealed con- 
duction may have an enhancing effect such as facili- 
tation of subsequent conduction in the direction op- 
posite to that of the initiating impulse. Concealed 
conduction plays a major role in the transmission of 
atrial impulses during atrial fibrillation and accounts 


_ for the irregular ventricular rate. Concealed retro- 


grade conduction is responsible for the compensatory 
pause of ventricular premature systoles and for the 
postextrasystolic P-R prolongation after interpolated 
ventricular or junctional premature beats. It would 
appear that concealed conduction in the A-V junc- 
tion is usually due to decremental conduction in the 
A-V node, as seen in Mobitz type I A-V block. In 


` type H A-V block, His bundle recordings have dem- 


onstrated in most cases penetration of the blocked 
impulses as far as the His bundle. A good example of 
the role of concealed conduction more distally is the 
perpetuation of a bundle branch block pattern (sim- 
ulating runs of ventricular tachycardia) initiated by 
functional bundle branch block (aberrant ventricular 
conduction) in atrial fibrillation. 


*Dual pathways for conduction in the Junctlonal region have 
been proposed on the basis of physiologic observations.4® Re- 
cent morphologle studies.lend support to the assumption of lon- 
gitud!nal separation of strands within the common bundle. 17 


February 1973. The American Journal of CARDIOLOGY Volume 31 239 


ATRIOVENTRIGULAR AND INTRAVENTRICULAR CONDUCTION 


TABLE IV 


Disturbances In Intraventricular Conduction 


l. Bundle branch block (complete, incomplete, intermittent) 


A. Untlateral delay or block 
1. Predivisional (classic bundle branch block) 
2. Divisional 
a. Monofascicular (‘‘hemliblock’’) 
b. Multifascicular (classic bundle branch 
block) 
B. Bilateral delay or block, or combinations (incom- 
plete or complete A-V block) 
1. With normal H-V conduction 
2. With abnormal H-V conduction 
I]. Terminal network and transitional cell delay or block (in- 
complete or complete)* ` 
delay or block (not further 
Electrolytes, toxins, drugs, Ischemia 


Il. Intramural classified) 


* Not all abnormalities have as yet clearly defined electrocar- 
_ diographic patterns. “These anomalies may be recognized with 
or without lengthening of QRS at conventional film speeds. 


Intraventricular Conduction Disturbances (Table IV) 


Disturbances involving the system distal to the 
‘branching of the main bundle, the bundle branch 
‘system, and conduction anomalies within the myo- 
cardium should logically be separated into simple 
conduction delay, incomplete block with dropped 
beats and complete block; But it.is commonly not 
possible to differentiate among them. When multiple 
conduction pathways exist, slowing of conduction 
through one branch or complete failure of conduction 
over one fascicle will be equally ineffective in impair- 
ing transmission of excitatory events to distal re- 
gions, because uninvolved fibers are available for 
normal early stimulus propagation. 

Bundle branch block: The appearance of com- 
plete right or left bundle branch block needs little 
further elaboration. These blocks may involve either 
~ the predivisional main branch or they may be unilat- 
erally multifascicular involving all fascicles of one 
branch, a difference which is likely to be prognosti- 
cally significant. By definition, the duration of the 
QRS interval measures 0.12 second or more in the 
limb leads. 

Fascicular block: Block or doang of transmis- 
sion over one division of the left bundle branch is 
recognized by the appearance of frontal plane devia- 
- tion of the mean QRS axis without changes in the 
earlier QRS vectors—deviation to the left in lesions 
involving the anterior, and deviation to the right-in 
lesions involving the posterior division of the left 
bundle branch. These alterations were recognized 
during the early experiments on bundle branch 
- block17.18.20 and amply confirmed by later observ- 
ers, 27,28 ,30,31 Left axis deviation of the QRS complex 
as a form of ventricular conduction defect in man 
_ was stressed by Grant.48 Such changes have been re- 
- described and redefined and their clinical implica- 
tions stressed by Rosenbaum et al.33: left anterior 
fascicular (or divisional) block and left posterior fas- 


cicular (or divisional) block are’ terms synonymous 
with Rosenbaum’s anterior and posterior hemi- 
blocks. The reasons for preferring the more descrip- 
tive terms have been discussed earlier. These isolat- 
ed unilateral conduction disturbances, particularly 
left anterior fascicular block, may occur without 
changes in width of the QRS complexes and without 
significant slurring or notching at conventional film 
speeds. 

Bilateral bundle branch block: Combinations of 
defects involving both branches of the A-V bundle to 
various degress have been grouped under the inaccu- 
rate term bilateral bundle branch block.4® A com- 
mon example is the combination of complete right 
bundle branch block with anterior fascicular block 
(right bundle branch block with left axis deviation) 
experimentally demonstrated clearly by Rothberger 


and Winterberg® and by Wilson and Herrmann. 


The first clinical examples were reported by’ Wilson 
et al.5° It has since been recognized clinically and 
experimentally as a form of bilateral intraventricular 
block.49.51-53 Other combinations can now be recog- 


nized, including the simultaneous presence of incom- 


plete block of the Mobitz types I and II of different 
degrees in both branches®* and mixtures of complete 
unilateral block in one branch with delay in conduc- 
tion in one or more fascicles of the contralateral ven- 
tricle. 49:51 Multiple lesions of this kind are always to 
be considered possible precursors of complete bilat- 
eral intraventricular block, that is, complete A-V 
block. They may herald cardiac arrest if a natural 
ventricular pacemaker is slow in elaborating pacing 
impulses. 

The term trifascicular block in the concept of the 
current discussion appears to be confusing, since it 
might imply a complete block of the anterior, medial 
and posterior divisions of the left bundle branch or 
various combinations of complete and incomplete bi- 
lateral: block. It should not be considered synony- © 
mous with the multifascicular form of complete'A-V 
block mentioned earlier. Its use should be discour- 
aged because of its lack of specificity. | 

The term masquerading block has little meaning, 
since it merely describes combinations of bilateral 
intraventricular blocks involving fascicles of the left 
and the main stem of the right bundle branch. 

Functional bundle branch block: This physiolog- 
ic phenomenon is seen when, after a relatively long 
cycle length, an early antegrade impulse encounters 
physiologic refractoriness in one or more of the bun- 
dle branches or its divisions.55 The block may be com- 
plete or incomplete and is more usually in the right 
bundle branch. It is synonymous with aberrant con- 
duction in early ventricular complexes following long 
pauses in atrial fibrillation. Recent studies®? indicate’ 
that it may occur in individual fascicles of the left 
bundle branch (functional fascicular or divisional 
block) either alone or in combination with functional 
right bundle branch block. It is not thought that 
functional block has any certain prognostic signifi- 
cance. 
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Intermittent bundle branch or fascicular block: 
This type of block must be distinguished from the 
functional block just described. It most commonly 
occurs as a rate-dependent phenomenon. It’ differs 
from functional block in that it may be revealed. not 
only in atrial premature beats, but also following 
interpolated ventricular extrasystoles and by minute 
reduction in sinus cycle lengths. Prognostically, it 
frequently becomes fixed bundle branch block. The 
diagnosis of intermittent bundle branch or fascicular 
block requires that in a single strip the block is seen 
to appear and disappear. 

Intramyocardial block: As yet, no clear case of 
an electrocardiographic configuration can be associ- 
ated with disturbances of conduction located in the 
most distal parts of the transitional network where 
gating mechanisms are at work and rerouting of im- 
pulses can be demonstrated at the cellular level.56.57 
Sudden minor changes in the QRS complex (Fig. 7) 
probably represent such distal phenomena. On the 
other hand, disturbances in conduction within the 
, myocardium proper are frequent. Intramural or in- 


tramyocardial block or delay in intramyocardial con-. 


duction presumably is the major cause for the elec- 
trocardiographic abnormalities encountered in cer- 
tain instances of pharmacologic interventions or 
` electrolytic imbalance. Further definition of a struc- 
tural and functional relationship is not possible on 
the basis of available data. The type of electrocar- 
diographic change referred to in years past as arbori- 
zation block has no specific morphologic identity and 
cannot be reproduced experimentally. Hence, the 
term should be discarded. The term parietal block 
has commonly been used to identify some form of in- 
tramyocardial block. In the absence of data that per- 
mit correlation of a specific structural change with a 


discrete functional aberration, the term also had best 


be avoided. 

Disturbances of intraventricular conduction as- 
sociated with myocardial infarction: These distur- 
bances continue to be of considerable interest in 
practice. They were once the subject of a series of 
‘clinical and experimental correlations by Wilson et 
al.58 Terms like peri-infarction block or post-infarc- 
tion block have been used to describe conduction 
disturbances not necessarily of the classic, bundle 
branch variety. Grant®® used the term peri-infarction 
block to describe what now should be named anteri- 
or fascicular or divisional block in myocardial infarc- 
tion. First et al.6° and Durrer et al.,®! using the same 
term, implied a disturbance in the orderly process of 
myocardial excitation within and around the region 
of infarction. Intraventricular conduction distur- 
bances are common in myocardial infarction and 
may represent a variety of combinations of lesions. It 
seems advisable to discontinue the terms proposed 


by Grant and Bayley and to specify the identifiable | 


conduction disturbances. If this is not possible, the 
additional presence of an unclassifiable intraventric- 
ular? or intramural block should be stated. Table V 
lists these possibilities. 


ATRIOVENTRICULAR AND INTRAVENTRICULAR CONDUCTION 


2 a 
‘ + . 
* 5 
4 ` + < « 
> + t r 
3 . 4 
i a a. pi 
i i 1 
` ‘ 
Vi . O Era 
1 
+ 
k 1 
7 ae ' ` ` 
bat i 
ve ssf»s > ee] as ‘ 
ve -= see . thee 
+ 
' ' ` 
tp ‘œd e’ : i : 
Vg |: | i | 
2 
A ‘i + i 
a 1 
? te sf “| 
ps : f x d ns i H } 
` ? eF 
$ E ERER , ree ae tt hs t we trusa ES ses tr ce 
a re +E ae . - ' - . 
: $ } 6 è e x 3 > 
* 


f ; ~N 
E S | 


' ress t 





= 
FIGURE 7. An example of abrupt but subtle change of Intraven- 
tricular conduction (between third and fourth beats) in the sl- 
multaneously recorded leads V2 and V, (at half normal calibra- 
tion) in a 74 year old white man. The QRS interval lengthened 
0.01 second with the change. The block was suspected of belng 
in the posterior periphery of the conduction system, probably 
left. 


There are some additional conduction. distur- 
bances not associated with electrocardiographic evi- 
dence of myocardial infarction but with bizarre elec- 
trocardiographic configurations that defy categoriza- 
tion. They may be intramural, fascicular, divisional 
or a combination. For these, the term intraventricul- 
ar conduction defect (unclassified) should be re- 
tained. 

Anomalous A-V excitation: Finally, there re- 
mains the definition of tracings generally ascribed to 
accessory A-V pathways and preexcitation of some 
part of the ventricles. The electrocardiographic con- 
figuration (short P-R interval and broad QRS com- 
plex with slurring of the initial component) usually 
signifies 2 asynchronous pathways of ventricular ac- 
tivation. The term anomalous A-V excitation has 
been coined for these and related electrocardiograph- 
ic configurations? irrespective of their clinical corre- 
lation with rapid paroxysmal tachycardia (the Wolff- 
Parkinson-White [WPW] syndrome). These examples 
of double ventricular excitation may occur by way of 
the intact A-V conduction system as well as through 
accessory anomalous pathways. At times, the normal 
or the abnormal pathways may be partially or com- 
pletely blocked, giving rise to many variations in the 
duration of the P-R interval and the configuration of 
the QRS complex. The syndrome can occur in the 
presence of accessory A-V connections (Palladino- 
Kent), a specific term preferred over the overall defi- 
nition of anomalous pathways. The appearance of 
the characteristic electrocardiographic configurations 


TABLE V 
Myocardial Infarction and Intraventricular Block 
(“‘Peri-” and “Post’’-Infarction Block) 


Myocardial infarction with intraventricular conduction defects 
A. Bundle branch block 

. B. Fascicular block (monofascicular, multifascicular) 
C. Unspecified 
D. Combinations 
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TABLE VI 
Anomalous Atrioventricular Excitation 





il. No recurrent phenomena 
Normal and accessory A-V pathways 
Common Initial pathway 
Hl. With recurrent phenomena (paroxysmal tachycardia, 

atrial fibrillation or flutter) 

Wolff-Parkinson-Whlite syndrome 
Normal and accessory A-V pathways 
Common initlal pathway 


- Table VII | 
Discontinued Clinical Terms 


i. Poorly defined and experimentally unveriflable 
Rhythms, beats, regions 
Upper, middle, lower nodal 
Coronary sinus 
Coronary nodal 
Left atrial 
Pseudoblfurcation 
Masquerading block 
Arborization block 
Parletal block 
Peri- and post-Infarction block 
ll. Functional misnomers and superfluous terms 
Reversed Wenckebach’s phenomenon 
Pseudo-reciprocal beats 
interference dissociation 
III. Reserve only as electrophysiologic terms 
AN, N, NH reglons of A-V node 
Purkinje fibers 
Partlal block 


‘can also be caused by special pathways through the 
junctional region, sharing with the regular A-V bun- 
dle a common initial pathway. These accessory path- 
ways might be the special fibers (bypass) described 
by James® or the paraspecific fibers of Mahaim?® or 
combinations of these. The separation of these forms 
of anomalous excitation from those due to accessory 
A-V connections (Palladino-Kent) is possible in part 
by atrial pacing, parenteral administration of atro- 
pine and other means. The differentiation is impor- 
tant if surgical intervention is to be considered. 

Wolff-Parkinson-White syndrome: When the 
anomalous A-V excitation is associated with attacks 
of paroxysmal atrial or junctional tachycardia or 
paroxysmal atrial fibrillation or flutter, the term 
Wolff-Parkinson-White syndrome should be used. 
This term should not be employed for the electrocar- 
diographic configuration of various forms of preexci- 
tation alone. A grouping of these phenomena is listed 
in Table VI. 


IV. Concluding Remarks 


The comments and recommendations presented 
are intended as a sort of housekeeping service of an 
important new area to facilitate future clinical and 
investigative pursuits and communications. The 
more precise the definition of new and old terms, the 
less likely will be the chances of confusion, misinter- 
pretation and erroneous conclusions. On critical re- 
view, it appears that clinical terms are in use that 
imply greater specificity than permissible on physio- 
logic or anatomic grounds. The group discussions re- 
viewed here demonstrated that physiologic and clini- 
cal considerations are often inseparably linked to 
morphologic and pathologic concepts. One field ad- 
vances with the other; cross fertilization is facilitated 
by clear communication through precisely defined 
nomenclature. It appears that a stage has. been 
reached where clearing of the underbrush of tangled 
terms in the field ‘of cardiac conduction would be 
useful for all interrelated disciplines working in the 
area. 

The bee structures upon which pathologic, phys- 


‘jologic and clinical considerations of atrioventricular 


and intraventricular conduction are based follow in 
essence the outlines provided by the studies of Lev,®4 
Truex and Smythe,® Truex,86 James®? and others - 
before them. The terms judged to need deemphasis 
or believed best reserved for special and specific 
investigative uses are included in Table VII. We are 
confident that future labors will add new concepts 
and new terms. With this in mind, the present report 
has been prepared in the hope that it will provide a 
small contribution to the precision of the language of 
cardiology. . 


Addendum 


This paper was the last written by Dr. Hecht be- 
fore his untimely death. In arranging for the sympo- 
sium at the University of Chicago in May 1970 and 
for a subsequent meeting of a smaller group, and in 
recording the gist of the deliberations:which occurred 
at both, the enthusiasm, perseverance and unrelent- 
ing quest for precision, characteristic of-all of 
Hecht’s distinguished academic pursuits, were the 
envy and admiration of his colleagues and collabora- 
tors. The manuscript he left at his death was practi- 
cally complete, requiring only minor changes and 
editing. We are honored to have been part of the en- 
deavors culminating in this paper but are saddened 
by the thought that there will be no further opportu- 
nities for productive study and provocative discus- 
sion with this idealistic and stimulating medical 
leader. 


C.E.K., for the collaborating authors 
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Eighteen subjects with a short P-R interval (<0.12 second) and nor- 
mal QRS complex were studied by means of His bundle recordings 
and programmed atrial premature depolarizations. Eight subjects 
had a history of supraventricular tachycardia. During sinus rhythm, 
the A-H interval was less than or at the lower limits of normal values 
(45 to 80 msec), and the H-V interval was normal (30 to 50 msec). 
Atrial pacing at rates of up to 160/min produced 3 types of re- 
sponses. Thirteen subjects showed a progressive Increase in A-H in- 
terval similar to that of normal subjects but to a lesser degree. Three 
subjects showed an initial Increase at low pacing rates, followed by 
a plateau response and further Increase at higher rates. Two 
subjects showed no significant increase in the A-H interval. In 6 of 8 
subjects with supraventricular tachycardia, atrlal premature depolar- 
izatlons produced atrial echo beats and sustained supraventricular 
tachycardia in 4, indicating atrioventricular (A-V) nodal reentry as the 
mechanism for the supraventricular tachycardia. In 10 subjects, 
refractory periods of the various components of the A-V conducting 
system were found to be similar to those of subjects with a normal 
P-R Interval. The data suggest the following possible explanations for 
the short P-R interval: (1) total or partial bypass of the A-V node; 
(2) an anatomically small A-V node; (3) a short or rapidly conduct- 
ing Intranodal pathway; or (4) isorhythmic A-V dissociation. 


In-1952 Lown et’al.t described 200 patients with a short P-R interval 


= (<0.12 second) and normal QRS complex; 11 percent had supraven- 


tricular tachycardia. The mechanism of both the short P-R interval 
and the supraventricular tachycardia has remained obscure. Several 
theories based primarily on anatomic considerations have been pro- 
posed to explain the short P-R interval. In 2.recent reports,?:3 
Castellanos and Mandel and their co-workers utilized His bundle re- 


-cordings in an attempt to determine the mechanisms involved:in this 


syndrome. The former group studied 3 patients and concluded that 
the short P-R interval was due to an abbreviated atrioventricular 
(A-V) nodal conduction time. His-Purkinje time was normal. The 
latter group concluded from their study of 3 patients that A-V nodal 
conduction time was normal and that the short P-R interval was due 
to an abbreviated His-Purkinje conduction time. The conflicting re- 
sults of these 2 reports prompted us to study a larger number of pa- 
tients—18—using programmed atrial stimulation and His bundle re- 
cording in an attempt to elucidate the cause of the short P-R inter- 
val and the genesis of supraventricular tachycardia in these patients. 


Materials and Methods 


Eighteen patients were studied, 15 men aged 20 to 68 years and 3 women 
aged 27 to 45 years. All patients had a P-R interval of 0.12 second or less 
and a QRS duration of 0.10 second or less as determined by a 12 lead 'elec- 
trocardiogram. The presence or absence of heart disease was determined by 
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TABLE |! 
Clinical Data on 18 Patients 


Case Age (yr) History of Premature 
no, & Sex Diagnosis SVT Beats 
1 67M ASHD ~ Yes APC's 
2 20M — Yes None 
3 23M — Yes APC’s, JPC's 
4 A5F - = O No None 
5 68M ASHD No APC’s 
6 26M — l Yes APC's 
7 36M © — Yes None 
8 68M ASHD yes APC’s 
9 66M ASHD No APC's, VPC's 
10 59M COPD No APC's 
1l 52M — No None 
. 12 47M No None 
13 48M — No None 
14 52M ASHD No None 
15 44M ASHD No None 
16 27F — Yes None 
17 37F — Yes APC's 
18 23M z ` Yes APC's 


APC's = atrial premature contractions; ASHD = arterloscle- 
rotic heart disease; COPD = chronic obstructlve pulmonary dis- 
ease; JPC’s = junctional premature contractions; SVT = supra- 

ventricular tachycardia; VPC’s = ventricular premature con- 
tractlons; — = no heart disease. 


clinical history, physical examination, chest X-ray film, 
electrocardiogram and cardiac catheterization studies 
when indicated. Fight patients had a history of paroxys- 
mal supraventricular tachycardia. No patient was taking 
a cardioactive drug. The purpose and nature of the study 
was explained to all patients, and informed consent was 
obtained. 

Right heart catheterization was performed with use of 
‘local anesthesia while the subjects were in the supine po- 
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FIGURE 1. Case 6. From top to bottom, electrocardiographic 
leads |, Ii, HH, His bundle electrogram (HBE) and simultaneous 
recording of His bundle (H) and-right bundle branch (RB) po- 
tentials. Time lines (T) at 10 and 500 msec. The A-H and H-V 
intervals as measured In the His bundle recording are 70 and 40 
msec, respectively. The H deflection is 15 msec in duration; the 
RB potential is 10 msec. The P-A Interval is measured from the 
onset of the P wave to the onset of the low atrial electrogram 
-~ (A) and equals 15 msec. 


TABLE fl 
A-V Conduction Intervals During Sinus Rhythm (in msec) 


Case Sinus oe 
no. Cycle Length ` A-H H-V 
1 800 80 40 
2 800 70 . 40 
3 870 70 50 
4 700 80. 40 
5 750 80 “40 
6 750 70 40 
7 950 65 35 
8 900 60 40 
9 850 50 40 
10 700 45 30 
11 900 70 45 
12 860 60 40 
13 770 50 40 
14 750 70 35 
15 860 80 35 
16 700 70 40 
17 750 70 40 
18 800 70 40 
2 
m NORMAL PR 
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FIGURE 2. Response to atrial pacing in subjects with normal 
and short P-R intervals. Subjects with normal P-R intervals 
{(——-) showed an almost linear increase in the A-H interval as 
the atrium was paced at increasing rates (+120 msec}. 
Subjects with short P-R Intervals (----) showed 3 types ofre- 
sponses. Thirteen subjects (type |} responded to atrial pacing 
as did normal subjects, but the magnitude of the increase in the 
A-H interval was slightly less (+102 msec). In 3 subjects (type 
il) the A-H interval initlally increased at low rates followed by a 
plateau response at faster rates and finally a further increase at 
the higher rates (+46 msec). in 2 subjects atrial pacing essen- 
tially did not change the A-H interval (type lii) (+6 msec). CL 
= cycle length. 
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À : ; CL 460 CL 360 


FIGURE 3. Case 14. Response to 


atrial pacing in 1 of the 2 subjects Y1 ; j 2 
demonstrating a type [il response. A V A oe V o ae A A 


From top to bottom leads |, Hl, HL 
V1, high right atrial (HRA) and His 
bundle electrograms (HBE) and 
time lines (T) of 10 and 100 msec 
at paced atrial cycle lengths (CL) 
of 660, 460 and 360 msec, respec- 
tively. Note the minimal A-H inter- : 
val increase of 5 msec with the 
H-V interval remaining constant. 


Hvi 35 


sition and in the postabsorptive, nonsedated state. A quad- 
ripolar electrode catheter was advanced by way of the 
right basilic vein into the right atrium. The electrodes 
were positioned along the lateral border of the atrium 
near its junction with the superior vena cava. The distal 
electrode pair was used to stimulate the right atrium, and 
the proximal pair was used to record a high right atrial 
electrogram. A tripolar electrode catheter was introduced 
percutaneously into the right femoral vein to record His 
bundle electrograms as previously described.* 

Recordings of 3 or 4 standard electrocardiographic leads 
(i, M, 00, Vi), intracardiac electrograms and time lines at 
10 and 100 msec were displayed on a multichannel 
switched-beam oscilloscope (Electronics for Medicine) 
and recorded on magnetic tape (Phillips Tape Recorder). 


The analog tracings were subsequently reproduced on a. 


photographic recorder at a paper speed of 150 mm/sec 
and electrograms displayed at frequency settings of 40 to 
500 Hz. 

In all patients atrial pacing at various rates was per- 
formed using a battery-powered pacemaker (Medtronics, 
no. 5837) that delivered impulses of 2 msec duration at 
approximately twice the diastolic threshold level. Great 
care was taken to ground all electrical equipment. 

In 10 patients, refractory periods of the A-V conducting 
system were measured with use of the extrastimulus 


method.5:8 Atrial premature depolarizations were intro- — 


duced after every eighth sinus or paced beat using rectan- 
gular impulses of 1.5 msec duration at approximately 
‘twice diastolic threshold. The interval between the basic 
` beat and the premature beat was progressively shortened 
by 5 to 10 msec until the atrium was refractory. 


Definition of Terms 


A-H = the interval measured from the onset of the low 


atrial depolarization to the onset of the His deflection 


from the His bundle electrographic (HBE) recordings. 


This interval was used as a measure of A-V nodal conduc- 
tion time. 

H-V = the interval between the onset of the His deflec- 
tion to the earliest onset of ventricular depolarization, as 
determined from either the surface electrocardiographic 
leads or the ventricular electrograms. 

A:-A2 = the interval between the onset of atrial depo- 
larization of the basic rhythm (A) and the onset of a 
stimulated atrial premature depolarization (Ag). 

Ai-H, = the A-H interval of the basic rhythm. 

Az—H2. = the A-H interval of the stimulated atrial pre- 
mature depolarization (APD). 

H,-Hz = 
izations of the basicand the premature beat. . 


ot” F oy | han Man 
° a ni ths 





the interval between the His bundle depolar- — 
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500 msec 


Vi~Ve2 = the interval between the ventricular depolar- 
izations of the basic and the premature beat. 

Effective refractory period of the A-V conducting sys- 
tem = the shortest A,-Ag interval that still conducts to 


‘the ventricles. 


Functional refractory period of the A-V conducting sys- 
tem = the minimal interval between 2 successive ventric- 
ular responses, both of which are propagated from the 
atrium (minimal V1~—V¢2 interval). 

Effective refractory period of the A-V node = the short- 
est A,~Ag interval that conducts to the bundle of His. 

Functional refractory period of the A-V node = the 
minimal interval between 2 successive His bundle re- 
sponses, both propagated from the atrium (minimal 
H-H} interval). 

Effective refractory period of the ventricular specialized 
conduction system = the longest H,~Hz interval at which 
He fails to conduct to the ventricles. 


_ 


Results 


A-H and H-V intervals: Table I lists the clinical 
data of the 18 patients. In all patients, potentials 
from the bundle of His (H) and proximal portion of 
the right bundle branch (RB) were recorded either 
simultaneously or sequentially.” Figure 1 depicts si- 
multaneous recordings of H and RB potentials in Pa- 
tient 6. In our laboratory the normal range of A-H 
and H-V intervals for patients with a normal P-R 
interval (>0.12 second) and normal QRS complex is 
60 to 140 msec and 30 to 55 msec, respectively.® 
Table II lists the A-H and H-V intervals during 
sinus rhythm. In 15 of the 18 patients the short P-R 
interval appeared to be due primarily to an A-H in- 


terval that was closer to the lower limits of normal 


(60 msec). In 3 patients the A-H interval was less 
than our lower limit of normal]. In none was the short 
P-R interval due to an H-V interval that was less 
than the normal value of 30 msec. 

Response to atrial pacing: Figure 2 compares the 
response to atrial pacing in subjects with a normal 
and short P-R interval. Subjects with a normal P-R 
interval had a progressive and almost linear increase 
in the A-H interval during atrial pacing. The magni- 


_ tude of increase for the group averaged +120 msec. 


Subjects with a short P-R interval had 3 types of re- 
sponse. (1) Thirteen subjects responded to atrial 
pacing at rates of up to 160/min as did normal 
subjects, but the magnitude of the A-H interval in- 
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TABLE IH | l 

Refractory Periods of the A-V Conducting System in Patients 
with a Normal! and a Short P-R Interval 

A-V Node 


Case Heart FRP ERP FRP ERP ERP 
nd. Disease V- 2 Ar-Ag H,-H, Ar-Asg vsces 


` A-V Conducting System 


A. Normal P-R Interval 


(10 cases) 

1 None 395 270 395 2/0 

2 None 345 260 375 260 

3 None 390 245 390 245 

4 None 485 250 485 250 

5 None 420 265 420 265 

6 None 455 280 385 280 

7 None 430 330 405 330 

8 None 377 280 365 280 

9 None 430 250 430 330 
10 None 380 240 360 310 

Mean 410441 267426 401437 287+ 41 
B. Short P-R Interval 
(10 cases) 

1 ASHD 430 290 430 — * 

2 None 440 210 360 — 360 

3 None 470 170 400 — 400 

6 None 420 260 340 — 340 
li None 480 310 410 — ” 
14 ASHD 435 300 355 — + 
15 ASHD 400 280 430 385 ig 
16 None 350 210 330 — j 
17 None 450 250 470 — 7 
18. None 390 210 385 — z 

Mean 4264+ 38 249+ 47 39145 — 367 + 31 


* Electrophysiologic studies limited due to atrial refractorl- 
ness. 

ASHD = arteriosclerotic heart disease; ERP = effective re- 
fractory period; FRP = functional refractory perlod; VSCS = 
ventricular specialized conducting system. ` 


TABLE IV 


Correlation Between History and induced 
Supraventricular Tachycardia 


Electro- 
cardiographic ; í 
Case Diagnosis Single Echo APD Induced 
no. History of SVT of SVT on APD SVT 
1 Yes Yes Yes No 
2 - Yes No Yes No 
3 Yes No No No 
6 Yes Yes Yes Yes 
8 Yes No No No 
16 Yes Yes Yes Yes 
17 Yes Yes Yes Yes 


18 Yes Yes Yes Yes 





~ APD = atrial premature depolarization; SVT = supraventric- 
ular tachycardia. 


crease was slightly less (average +120 msec) (type I 
response). (2) In 3 subjects, the A~H interval was 
initially increased at relatively low rates of atrial 
pacing, followed by a plateau response at faster rates 
and finally a further increase at the higher pacing 
rates (type II response). The magnitude of the A-H 
interval increase in these patients averaged +46 
msec. Even at the higher pacing rates, the A-H in- 
terval was shorter than the A-H interval of subjects 
with a normal P-R interval measured at comparable 
paced atrial rates. (3) In the remaining 2 patients 
(Cases 10 and 14) atrial pacing at rates of up to 
160/min essentially did not change the A-H interval 
(type II response). The average increase of the type 
HI response was +6 msec (Fig. 3). 

Functional and effective refractory periods: In 
10 subjects, the functional refractory period and ef- 
fective refractory period of the A-V conducting sys- 
tem were determined using the extrastimulus meth- 
od. In 9 of the 10 subjects, the functional and effec- 
tive refractory periods of the A-V node were similar 
to those of normal subjects (P >0.2) (Table II).® 
The tissue with the longest effective refractory peri- 
od was that of the atrium in 6 subjects, the A-V 
node in 1 and the ventricular specialized conducting 
system in 3. The tenth patient (Case 14) demon- 
strated no A-V nodal delay as the A,—Az interval 
was progressively shortened (Fig. 4). 

Supraventricular tachycardia: Eight patients 
(Cases 1 to 3, 6, 8 and 16 to 18) had a history com- 
patible with supraventricular tachycardia (Table 
IV). In 5 patients, the arrhythmia was documented 
before the time of study by standard electrocardio- 
grams. One patient (Case 1) had paroxysmal atrial 
fibrillation and flutter, and the other 4 had paroxys- 
mal atrial tachycardia (Cases 6 and 16 to 18). In 3 
subjects (Cases 6, 17 and 18) a sustained supraven- 
tricular tachycardia was initiated by a spontaneous 
atrial premature depolarization (Fig. 5). Likewise, a 
supraventricular tachycardia similar to that which 
occurred spontaneously could be initiated by intro- 
ducing a single atrial premature depolarization dur- ` 
ing the relative refractory period of the A-V node. 
Atrial echo beats and supraventricular tachycardia 
produced inverted P waves in leads IJ and MI and a 
low to high atrial activation sequence. The tachycar- 
dia could also be terminated by a properly timed 
single atrial premature depolarization. Of interest - 
are the findings in Patient 16 (Fig. 6). When the 
A-H interval was at control values of 70 msec, a sin- 
gle atrial premature depolarization Introduced dur- 
ing the relative refractory period of the A-V node re- 
sulted only in single echo beats. At a later point in 
the study, A-V nodal conduction was prolonged: 
(A-H interval 90 msec) by administering 6 mg of 
propranolol intravenously. At that time a single atri- 
al premature depolarization resulted in prolongation 
of A-V nodal conduction time to 430 msec, and sus- 
tained supraventricular tachycardia resulted (Fig. 7). 

The characteristics of the supraventricular tachy- 
cardia were compatible with a mechanism of A-V 
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FIGURE 4. ase 14. Top, ike atrium ig being oe 
paced at a cyclé length of 700 msec {A= 
A): The A-H, 70 msec: and. H-V; 35 z! 
msec of the basic beat is shown. An atrial 3) 3 
premature depolarization (hy is Introduced ` 
at a coupling interval {Ay=“A2)- Of, 490. msec. , 
Az conducts with'an A2sHo2 of 70 msec, with. 
‘a constant H- -V time. Bottom panel, shows. at 
the same cycle length of 700:msec (Ai-Aj) ` 
. (an ‘atrial premature dépolarjzation . {Az} is 
. Now Introduced at a Closer. coupling jnterval >. -fem 
-  {Aj-A2) of 340 msec. Ao. conducts wath fs 
G A2-H2 of. 75 msec, and. an:  H2-V2 of; 100.. 
:= msec. The premature complex” snows an ab-"-. 
`- erration of-a left posterior hemibiock pattern. ae 
Farther electrophyslologic study: was limited: Oe eh ee eae tot ae l ale 8 
- because of atrial refractoriness. : i. ial ellie ta as 7 


FIGURE 5. Case 18. Spontaneous induction of subtaventricular, tachycardia. Sinus rhythm Is ea -with ‘a cycle length of 970 msec. 
“The A-H interval-is 70 msec and thè H- V interval is 40 msec. A ‘spontaneous atrial premature depolarization (APD) occurring during 
the relative refractory, period ofthe A-V- node at: a coupling’. ‘interval of 420. msec. resulted in-an A-H interval of 240 msec and_a reen- 
trant supraventricular, tachycardia. , Atrial ‘echoes: (Ae). are" seen on. the, „high: right’ atrial recording. The H= V: interval remains constant. 
HBE = His bundle electrogram, oi ea? ge OA ao at atc. ee Sine Me, Raa me, 8 Bis 


FIGURE 6. ‘ase i6. Oiring sirius rhytiim thé ACH ‘ana fev. ing. “: 
‘tervals are.70 and 40 msec, respectively. An: “atrial; “premature: : 5 ' 
‘depolarization’ (Az), is ‘Introduced - at-' ari A1242. interval ot 240°. - 
msec. Az conducts`with an. Ao-He of 400.misec’ and: ‘single’ atrial : 
echo (Ae on‘high right. atrial: [HRA] recording). resulted. The. Se-~ oe 
quence of airial activation for’ Sinus and premature beats ‘is rom 3 ater & 
the high. right, atrium to. low’ night atrium and reversed, Jor the *: i 
echo beat. . a gee e ea re ee sed i 
| been roe T ote tye e E z 
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: nodal reentry.1°12 In Patients 1 and 2 only single’ 
echo beats could be elicited by introducing single 
atrial premature depolarizations. Neither echo beats 
. nor tachycardia could be elicited i in the remaining 2: 


. ‘patients (Cases 3 and 8). 


TS AN additional patient, ae pdüdedi in Table I was. 
also studied. A 56 year old woman was diagnosed as! 


having the Lown- Ganong-Levine syndrome because 


of a long history of supraventricular tachycardia and’ 
.a@ short P-R interval. Electrocardiograms taken over.. 


” several years consistently showed a P-R interval of 


© 0.11 second and a normal QRS complex. Results: of 
; -the study in>` this parent, are shown in Figures '8 and’: 


r 





tions (Fig. 9 bottom). 
rates above the sinus rate resulted in a type I re-.-, 


'FIGURE 7 ‘Case 16. Induction and 
termination - of supraventricular 
bs tachycardia . -by a single) ‘atrial -pre- 
mature depolarization. Top . panel, .. 
at a .sinus „cycle length: of 560 ` 
msec (A; A;),.an atrial. premature. , 
‘depolarization: (Az) delivered at an- 
*Ai-A2 interval of 230 msec. inl- 
tiates supraventricular tachycardia 
at a cycle length of 410 msec. Az ` 
is Introduced during the rélative re- 
fractory périod of the A=V- node , 
and conducts. with an Ag-H2 Inter-_, 
val of. 430 sec. H-V time: re- - 
mained coñstant. This was similar 
-to the spontaneous supraventricu-. 
lar toler documented on a 
standard: _lead electrocardio- 
gram. Bulom panel, the supraven- 
tricular tachycardia is ‘terminated 
by a. properly timed single ` ae 
premature depolarization (A2); 
denotes the stimulus artifact. 


500 msec 


` 


7 


FIGURE 8. isorhythmic A-V- dldscclatioñ 
mimicking the syndrome of short P-R Interval. 
The P-R Interval -measures 0.11 second. The: 
His. deflection is obscured within the oe 
electragram (see Fig. Ph: i ; 


~ 
Eig 


~ A = . 
. i5, 


nonw 


9. Figure 8 demonstrates etnies A-V anes | 

tion. Figure 9 (top) shows that the atria and ventri- - 

cles are controlled by independent pacemakers. 
When the P-R interval exceeded 0.12 second, incom- ' 
plete isorhythmic A-V dissociation could be repeat- 
edly produced. by: single premature atrial depolariza- 
Atrial pacing at increasing l 


sponse. vee 


` Discussion 
ni their original report Lown et alt found ihat 


_ subjects with a short P-R interval and normal, QRS | 
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FIGURE 9. Becs dd: of the same patient shown In Baars 8. Ton R the A-A interval is marked on the high right atrial (HRA) 
tracing and the H-H interval on the His bundle electrogram (HBE). As the A-A cycle length Increased to 850 msec the ventricles were 
activated by a bundle of Hls pacemaker which. fired off at a cycle length of 840 msec, Bottom panel, recorded a few minutes later dur- 
Ing sinus rhythm, demonstrates that a single R APRS depolarization (A2) results in slowing of the sinus rate and incomplete 
A-V dissociation. i 


complex had an 11 percent incidence of supraven- 


tricular tachycardia and were usually middle-aged- 


women without evidence of heart disease. In our 
study of 18 subjects the incidence of supraventricular 
tachycardia by history was 42 percent and electro- 
cardiographically documented in only 5 of the 18 pa- 


tients (27 percent). Fifteen of our patients were men, 


of whom 9 had no evidence of heart disease and 6 
had arteriosclerotic heart disease. The 3 women had 
no heart disease. The normal male/female ratio of 
our hospital patients is 4:1, which probably ac- 
counts for the preponderance of male subjects in our 
study, Castellanos et al.2 and Mandel et al.? recently 
studied a total of 6 patients with a short P-R inter- 
val, of whom 4 were male and 2 female. 

Our findings are in agreement with those of 
Castellanos et al., who also found that a shorter A-H 
interval was primariry responsible for the.short P-R 
interval. We did not find, as did Mandel et al., an 
abbreviated H-V interval in our patients. The avail- 
able data suggest that an abbreviated A-H interval 
is the more common cause of the short P-R interval. 


Mechanisms of short A-V conduction time: Sev- 
eral possible mechanisms can be suggested to explain . 


the abbreviated A-V nodal conduction time in these 
patients: (1) There is a tract by which atrial impuls- 
es bypass all or a significant portion of the A-V 
node.1316 (2) The atrial impulse enters the A-V 
node in a normal fashion but is transmitted to the 
ventricular specialized conducting system by prefer- 
ential intranodal pathways.17:18 (3)These subjects 
have an anatomically smaller A-V node and there- 


880 4 °, B50 


y 840 v 850 


HLH Ra a da H a EIAS HPE TIREE. TN THR E 


fore total A-V nodal conduction time is shortened. 
(4) A combination of these factors exists. (5) Such 
patients may have isorhythmic A-V dissociation 
with independent pacemakers controlling the atria 
and ventricles. 

Our findings in 2 patients whose A-H interval did 
not increase during atrial pacing (type MI response) 


'are consistent with complete bypass of the A-V 


node.. The presence of a normal QRS duration and 


_ H-V interval in these patients indicates that the by- 


pass tract delivered the atrial impulse to the bundle 
of His. The data from the refractory period studies in 
1 of these 2 patients (Case 14) (see later) also sup- 
ports this finding. This unusual response is in 
marked contrast with the progressive rate-related 
prolongation in A-V nodal conduction time seen in 
subjects with a normal or prolonged P-R interval as 
well as in other patients with a short P-R interval. 
The lack of P-R prolongation during pacing also in- 
dicates that the refractoriness of the “bypass tract” 
is unlike that of A-V nodal tissue. In fact, it cannot 
be determined whether these patients have an A-V 


‘node. A similar finding in -1 patient hag been re- 


ported by Durrer et al.1® and Castellanos et al.,2 who 


- similarly concluded that a functional bypass of the 


A-V node existed. 

The finding in 3 subjects of an initial increase in 
the A-H interval at low rates followed by a plateau 
response at intermediate rates and finally a further 
increase at higher pacing rates (type I response) is 
only suggestive of a bypass of the A-V node. One 
could postulate as did Castellanos et al.? that the 
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small initial increase in the A-H interval and the 
plateau response are due to refractoriness of a bypass 
tract. At higher pacing rates, the bypass tract be- 
comes effectively refractory, and atrial impulses 
thereafter are conducted by way of the normal A-V 
nodal pathway which in turn accounts for the sud- 
den increase in A-H intervals. However, this postu- 
late does not explain why at the highest pacing 
rates, A-V nodal conduction time still remains less 
than that seen in subjects with a normal P-R inter- 
val for comparable pacing rates. This difference in 


conduction times at the highest pacing rates could’ 


be explained if one adds to the postulate that these 
- subjects havé an anatomically small A-V node. An 
alternative possibility to explain the type H response 
is that at low to intermediate rates, the atrial im- 
pulse is conducted to the ventricles by way of a less 
refractory intranodal pathway and at higher pacing 
rates conduction occurs by way of a more refractory 
intranodal pathway. Neither of these 2 possibilities 
is proved by the electrophysiologic data in our study 
or those of others. 

In the majority of our subjects (13) with a short 
oa interval, the A-H interval progressively in- 
creased during atrial pacing as occurs in patients 
with a normal or prolonged P-R interval (type I re- 
sponse). However, at any atrial pacing rate the A-H 
interval was less than that seen in normal subjects. 


Three possibilities can be offered to explain this re- ` 


- sponse. One possibility is that atrial impulses com- 
pletely bypass the entire A-V node and that the pro- 
gressive -A-H delay during pacing results from refrac- 
toriness of the bypass tract itself. This possibility ap- 


pears to be the least likely since, for the type I re- . 


sponse, the rate-related refractoriness of the bypass 
tract was similar to that of the A-V node, whereas, 
in the type III response, refractoriness of the bypass 


tract was not related. It is of course conceivable that . 


different bypass tracts exist with different refractory 
properties, thereby accounting for the different re- 
sponses to atrial pacing. A second and more attrac- 


tive possibility is that the atrial impulses bypass. 


only a part of the A-V node and that the lesser A-H 
response to atrial pacing occurs in the portion of the 


A-V node through which the impulses are conduct- 
ed. A third and equally attractive hypothesis is that 
the lesser A-H intervals- are accounted for by a 
shorter A-V nodal conduction pathway to the bundle 
of His. This can result from either a grossly smaller 
A-V node or one in which the intranodal arrange- 
ment of nodal fibers is such that conduction is en- 
hanced. In either case, bypass of the A-V node need | 
not be invoked to explain the short P-R interval. A 
fourth possibility, which we believe may apply to 

only a very small percentage of cases, is that the 
short P-R interval represents isorhythmic A-V disso- 
ciation. 

Refractory periods of the A-V conducting system, 
studied in 10 subjects, demonstrated that most 
subjects (9 of 10) show normal behavior; that is, in- 
crease in A2-He with shorter A;-Ae interval. One 
subject (Case 14, Fig. 4) showed little prolongation 
of the A2—-H2 interval in response to shortening of the 
A,-Ag interval. This finding is evidence of the pres- 
ence of a complete bypass of the A-V node in this 
patient. 

Mechanism of supraventricular tachycardia: 
The demonstration of atrial echo beats in 6 patients 
of whom 4 had sustained supraventricular tachycar- 
dia induced by spontaneous and stimulated atrial 
premature depolarizations delivered during the rela- 
tive refractory period of the A-V node is consistent 
with the mechanism of A-V nodal reentry.® 1012 All 
6 subjects demonstrated a type I response to atrial 
pacing. No echo beats or supraventricular tachycar- 
dias were demonstrated in the 2 patients (Cases 10 
and 14) whose electrophysiologic data were compat- 
ible with a complete bypass of the A-V node. Thus, 
it would appear that in our patients conduction 
through a portion or all of the A-V node was re- 
quired for the initiation of the supraventricular 
tachycardia. 
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A laboratory model of total electrocardlographic alternation has been 
developed which consists of an excised, perfused rabbit heart con- 
tained in a 6.35 cm diameter fluid-filled spherical chamber. Under 
these conditions in about a fourth of spontaneously beating hearts 
bistable (‘flip-flop’) movements will develop that lock In with the 
heartbeat. Computer-processed signals derived from 20 evenly dis- 
tributed surface electrodes showed total electrocardiographic alter- - 
nation during such periods. Swinging angular movements of the os- 
cillating heart tended to be quite vigorous and could amount to 50 or 
60°. Torsional rotations of up to 35° about the vertical axis were aiso 
recorded. Two previously unreported cases of electrical alternans 
associated with massive pericardial effusion are briefly described 
and Interpreted In the light of the experimental observations. The 
study supports the “anatomic rotation hypothesis” of total alternans. 
The concept of critical cardiac compression as an important acces- 
sory factor may yet apply to some clinical cases although It appears 
to serve no role in the experimental model. A simple mechanistic 
hypothesis is offered to explain the anatomic rotation that occurred 
both in this model and in a few reported cases. 


Alternation of one or more deflections of the electrocardiogram, com- 
monly referred to as electrical alternans, has been of interest since it 
was first observed in the laboratory} in 1909 and reported clinically? 
in 1910. The first 2 cases described in man in this country were re- 
ported by Hamburger et al. in 1936. A year later another 2 cases 
were reported by Brody and Rossman.# In 1 of the latter cases, pul- 
sus alternans was recorded in association with the electrocardio- 
graphic alternation. ' 

Presumably any portion of the electrocardiographic generator, 
down to and including the single cell,*? can exhibit alternation. 
Earlier clinical descriptions were concerned with alternation of the 
QRS complex. However, the T wave alone8-12 or, more rarely, the P 
wavel3 may be so affected. In contrast, total electrocardiographic al- 
ternation is defined as that form of the condition in which all 3 com- 
ponents of the electrocardiographic cycle are involved in the process. 
The condition has been described clinically as correlated with the | 
presence of pericardial effusion and, perhaps, with other forms of 
pericardial disease. | 

Several experimental models of electrical alternation have used 
agents or interventions that would be expected to modify the electri- 
cal activity of myocardial cells, such as cytotoxic chemicals, isch- 
emia, metabolic stimulants, modification of electrolyte concentra- 
tions and changes of driving rate. However, none of these serves as a 
satisfactory model for the total alternans of pericardial effusion, 
which has been postulated as being due to alternating motion of the 
heart within the fluid-filled pericardial sac. 
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FIGURE 1. Two chamber surface 

_ leads recorded ‘at fast and slow ~~ 
speeds from an Isolated, ‘perfused - `. 
rabbit heart duririg a prolonged pe- > 
riod of anatomic alternation. The. = 
total electrocardiographic alterna- È 


tion that results from the bistable - 
anatomic movements ‘Is evident In. 
both leads, as is seen to affect the ` 
-forms of the. P, QRS and T-waves.. .” 
(R .waves: retouched in upper loft P 
panot S waves Ia lower left panèl.) E a 


is ë% 


t s ee if i ev 


perimental model of. total alternation that exhibits” 
the expected ‘kind of cardiac movement. This. report. . 
describes our experiences. with this laboratory model 
of total electrical alternation, and attempts tọ corre- : 


e ans A 
pa 


We kave recently: A E mn developing’ an. ex- 


oo oy 


o ™ 


late the observations with some characteristic clini- . 


- or 


Methods and Materials a ee 


cal examples of the. condition. ee a a? eae 


Isolated rabbit: hearts were studied in. a. ioo de 
scribed 6.35’ ‘cm diameter, . electrolyte- filled ~ spherical: 
chamber.14 Fabrication’ of the ‘cham ber..in -thë form of Z- 
hemispherical. portions permitted it to contain relatively: - 


` large hearts. One hemisphere was equipped: with .an aortic | 


` perfusion cannula, which. also -supported the’ heart -mez 

‘chanically within the fluid medium. The inner. surface of ` 
' the chamber wall was studded with-20 ‘uniformly spaced. ` 
silver-silver chloride electrodes, used for: the: peau 
of electrical field potentials. 

After. the rabbit had -been heparinized Aad stunned by? 
an occipital blow, the. heart was quickly ‘excised: The aor-. 


Th 


tic stump was' tied on the supporting cannula, and. perf 
sion was begun immediately with oxygenated ‘Krebs- Hen-. rik 
seleit solution. The lower half of the tank -was- bolted“in i 


‘place, and the entrapped air within ‘the chamber Was: 


l .. quickly replaced- by additional electYolyte. Hydrostatic, - 


' pressure at the center of the tank was adjusted, to atmo: ` 


spheric, level. Spontaneous beating of :the. excised hearts 
generally continued. throughout these Preparatory stops, 
. and persisted thêreafter.. 

Twenty electrocardiographic eadi were - deved fiom 


the surface: electrodes. as .previously described.14 After:am-.- 
plification by-a bank of low-noise, highly. linear solid: noon | 


see a 


grammed for iaboratony: use where they” were multiplexed, 
converted from analog to digital : ‘mode,, and . written: on: 
‘magnetic tape for later. off- line processing. Signals eon 


_ every third:heartbeat, were thus digitized and recorded on- = 
line, at a sampling. rate of 1,000 words/sec` per.. ‘chànnél. 7 Š 


Repeatability of the 20 waveforms was later’ checked: by“ 
` autocorrelation and generally found to be ‘excellent. Noise. 
content was evaluated and found to be acceptably’ low: a a ca 


Results. 


' Visual observations: Of .46' Sabb en one 
i 11 had one or. more, Periods. of „pendular “~ 
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_ oscillatory : movement : wih the fluid- filled a 
The motion tended to be bistable; that is, the heart 
“alternated between 2 highly. repeatable locations 


: ‘within the chamber. Whatever the exact. impulsive 


4 
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“forces that caused the heart to switch back and forth 
‘from 1-position to the other, they were clearly syn- 
--chronized: with the heartbeat itself. The typical kind 
-. of positional alternation encountered was character- 
«ized -by fairly wide excursions of the heart about its 
= gont of attachment to the perfusion cannula, and by 
-. persistence of pendular movements for 10 to 15 min- 
-utes or. longer. On other occasions alternation proved 
“evanescent, -and the amplitude of oscillation tended 
“to be small. Cessation of ‘alternation in these in- 
¿stances seemed to. be associated with slight speeding 
-Or slowing: of heart rate, with reappearance of alter- 
--nation- as the rate spontaneously returned to its pre- 
vious level: In 1 preparation with ‘vigorous ‘fluctua- 
„tion of beating, the plane of the pendular movements: 
: appeared to change. continually in. contrast to the 
‘more ‘usual fixed bistable pattern. 

- Chamber-surface leads: The 20 bipolar siecle: 
. Scardiogeaphic leads, applied to. the tank wall were 
. scanned im sequence and observed on a cathode-ray 
tube’ monitor - during. periods of pendular cardiac 


: “beating. One or. more of the leads showed total elec-- 


trical’ alternans in association with the bistable me-" 


chanical activity of the heart.: A rather striking ex- 
l _ample of this kind of alternation is illustrated in Fig- 


‘ure 1;-which shows that the P. wave, QRS complex 
and. T wave are involved inthe process. 

: The preparation from which.the curves of Figure 1 
-are taken was the most persistently oscillatory of all 
“ cases. encountered... The lower hemispherical . portion 
"OF the. tank was removed and replaced by an accesso- 
wy: -bottom which’ was fitted with a plane vertical. 

“picture window.” The heart was again surrounded 
Spy. electrolytic solution. After an initial period of 
<quiet; beating, | the pendular. motion soon recurred. 
ene of the positions of the heart within the 
.. tank, ‘triggered ‘on the QRS complex,. were taken 
through the plane window during bistable. beating. 
The: PUPP rE cannula was rotated eee a vertical 


‘255° 
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FIGURE 2. Oriori photographs of an derna heart at 
the 2 extremes of anatomic movement within the fluid-filled | 
chamber. The preparation is the same one from which the 2- 


electrocardiographic leads shown in Figure 1 were recorded. 
The supporting cannula was rotated about a vertical axis to re- 
. veal nee angle of swinging motion, which ‘amounted to 
about 50°. 


axis until the’ plane of pendular swinging was ap- 
proximately normal to the central axis of the camera 
lens. Figure 2 shows the 2 extremes of cardiac posi- 


tion thus documented. As can be seen, the heart 
swung widely to either side of its dependent resting | 


position even though the photographs were taken in 
late mechanical diastole (that is, very early in elec- 
trical systole) of the ventricles. As measured from 
the photographs, the excursion of the apex from one 
extreme position to the other amounted to a total 
angular deviation of about 50° with reference to the 
` site of aortic root fixation. 

‘Electrical vector moment during alternation: 
The spherical chamber technique is rather well suit- 
ed to determination of the electrical vectors generat- 
. . ed during ventricular depolarization. The 20 electro- 
`. eardiographic signals, originally acquired as bipolar 
leads, are converted to “unipolar” form by computa- 
tionally referencing the potential at each individual 
electrode against the average potential of all 20 elec- 


256 February 1973 The American Journal of CARDIOLOGY. 


wa 


trodes. Then, using a previously developed computa- 


‘tional. method, 15 the location, orientation and elec- 
trical strength of a single eccentric equivalent cardi- 


ac dipole is optimally determined (least-squares fit 


of the 20 chamber surface potentials) for each 1 msec 


sampling interval throughout ventricular activation. 


The 3 components of instantaneoùs dipole moment 


determined in this way are -closely equivalent 'to 


those that would be obtained with an accurately 


configured set of orthonormal vectorcardiographic 
leads. . ` 

As would be expected from the pendular maon of 
the heart, electrical alternation was -present in these 
highly corrected X, Y and Z sets of orthogonal leads 
(Fig: 3). However, the electrocardiographic effects of 
positional variation of the heart could be eliminated 
or greatly reduced by resolving each set of orthogonal 
leads into its “intrinsic components.” This resolution 
is accomplished by a computer programmed for the 
rotation of axes so that a new set of.orthogonal leads, 


commonly designated U, V, W, is produced in which. i 


signal energy is maximized i in U, minimized in V and 
intermediate in W.1818 This’ computational. tech- 
nique has the net effect of referring.the orthogonal 
lead axes to the heart itself rather than to the vol- 


ume conductor -in which it is located. Such a set of - 
U, V, W signals, as reproduced by an incremental: 
plotter, is shown in the lower half of Figure 3, which | 


shows that these derived leads ‘(intrinsic compo- 
nents) are virtually identical at the 2 extremes of an- 
atomic position. , 

Three preparations were aad in the manner 
described. It appeared from this kind of data reduc- 
tion that the process of ventricular depolarization re- 
mained virtually constant as the hearts oscillated 


within the chamber. The slight differences in the in- ` 


trinsic component behavior of 2. ofthe preparations 
between the 2 extremes of alternating position could 
possibly be ascribed to small movements -of the 
hearts during QRS genesis. Perhaps of greater im- 
portance, the wide swinging movements of the hearts 
(see the following section and Table D) would unavoid- 


TABLE I. 
Angles of Rotation In 3 Isolated Rabbit Heart Preparations 





Heat Pendular ° ` Twisting Motion 

- Preparation Motion -Vertical Axis Line AD 
no. (°) O YY 
54 65.3 -35.5 2.3 
67` 54,7 ` O Aae ~ 8.3 
71 19.2 -84 > 10.6 


The angular values of pendular and twisting rotational 


anatomic motion of the alternating hearts were deter- 
mined from electrical signal data by computational meth- 
ods outlined in the text. Line AD is that which passes bë- 
tween the point of aortic fixation and the location of the 


eccentric cardiac dipole. In another preparation, in which .. 
the extremes of anatomic alternation were photo-. 


graphed, pendular motion of about 50° was recorded. 
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ably introduce a small but appreciable computa- 
tional error into this method of data reduction. We 
conclude that the generator properties of the oscil- 
lating hearts are essentially stable from beat to beat, 
and that the associated electrocardiographic alterna- 


tion is simply a consequence of the anatomic move- 


ment. 


Derived parameters of anatomic motion: As has 
already been illustrated in Figure 2, swinging mo- 


tions amounting to about 50° were observed for 1- 


preparation and documented ‘by photographic 
means. Because of the virtual constancy of the in- 
trinsic electrocardiographic components (that is, of 
the so-called U, V and W leads), it was possible to 
deduce comparable angles of anatomic movement 
from the electrical data. of the 3 preparations referred 
to in the preceding paragraph. With the relatively 
rich information content of the electrical signals it 
was further possible to determine additional,’ and 
somewhat more sophisticated, anatomic parameters 
of movement than can be drived from photographic 
recording alone. ; 

‘ To obtain the desired information, 2 anatomic 
“bench marks” were determined for each of the 3 
hearts at each extremum of alternation. The first 
was the location of the moving equivalent cardiac di- 
pole for some slowly moving position at or near the 
peak magnitude of electrical activity during the QRS 


inscription. The previously described iterative com- 


„puter program1*.15 was used for this purpose. It was 
then-a simple matter to determine the pendular 
movement, that is, the angle of swinging motion, of 
these points with respect to the known point of aor- 
tic root attachment within the chamber. 

The second anatomic bench mark was the spatial 
orientation of the polar vector at the 2 extremes of 
alternation. As defined by Burger,19 this parameter 
is a directed quantity perpendicular to the plane in 
which the spatial QRS vector loop is projected in its 
most open aspect, and with a magnitude repre- 
senting the area of that loop projection. A previously 
reported formulation?° for determining polar vectors 
from digitized X, Y and Z signal data was used for 
this purpose, The orientation of the polar vector was 
then used as a “handle” for determining the amount 
of twisting motion of the heat about (1) the geomet- 
ric vertical axis of the chamber itself and (2) the line 
running between the point of aortic fixation within 
the tank. and the location of the equivalent cardiac 
dipole. : 


The various angular values derived from these 


methods of electrocardiographic data reduction are 
given in Table I. The table shows that anatomic al- 
ternation was quite vigorous in the first 2 prepara- 
tions, no. 54 and 67, even exceeding the photo- 
graphed activity of preparation no. 48 (Fig. 2). In the 
remaining preparation the span of pendular rotation 
is considerably less than in the other examples but 
nevertheless noteworthy. It is not surprising that ro- 
tatory movements of.this magnitude should have 
produced total electrocardiographic alternation in 
the surface leads. 
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Beat Prep 7] 


x Y Z 
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FIGURE 3. Two kinds of orthogonal leads derived from 2 alter- 
nate QRS complexes of an isolated rabbit heart preparation. The 
X, Y and Z leads (2 upper rows) are referred to the geometry af 
the chamber. As expected, electrical alternatlon is present in 
these leads, being particularly evident in X. The U, V and W 
jeads (2 lower panels) are also orthogonal but, In essence, are 
referred to the geometry of the heart itself by the method of ei- 
genvectors.'&'8 The striking similarity of the 2 U, V and W lead 
sets Indicates that the electrical alternation of the preparation is 
free of intrinsic electrophysiologic causation, and is therefore in 
accord with the anatomic rotation hypothesis of effusion-related 
electrocardiographic alternation. 
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(After Pericardiacentesis) 


FIGURE 4. Case 1. Selected leads of electrocardiographic se- 
riles made before and after 400 ml pericardlocentesis. Descrip- 
tion In text. 
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Clinical Implications 


The experimentally produced total electrocardio- 
graphic alternation described in the foregoing sec- 
tions seems to mimic rather closely the clinical con- 
dition described in cases of pericardial effusion. Two 
additional examples taken from our file of case ma- 
terial are illustrative. 


Case 1: A 38 year old white man had pericardial and 
bilateral pleural effusions due to metastatic bronchogenic 
carcinoma. Initial symptoms had begun approximately 6 
months earlier. On admission to hospital the electrocar- 
diogram showed only sinus tachycardia and ‘“‘nondiag- 
nostic ST-T changes.” On the following day, however, 


total electrocardiographic alternation was present (upper . 


row, Fig. 4). Later that day 400 ml of bloody pericardial 
fluid was aspirated which contained many undifferentiat- 
ed adenocarcinoma cells. As shown in the remainder of 
Figure 4, alternation of QRS complex and T waves, and 
probably P waves, persisted after this pericardial tap. Al- 
ternans disappeared by the fifth hospital day and did not 
reappear even though the continued formation of fluid re- 
quired subsequent pericardiocenteses. 

Case 2: A 50 year old white woman had undergone left 
radical mastectomy and bilateral oophorectomy 5 years 
earlier because of mammary carcinoma. Enlarged cardiac 
silhouette, distant heart sounds and the finding of pulsus 
paradoxus suggested the presence of pericardial effusion, 
and supportive echocardiographic findings were obtained 
3 days after admission to hospital. An electrocardiogram 
taken 1 week later showed striking alternation of the QRS 
complex, less vivid alternation of the T wave. and proba- 
ble alternation of the P wave. The patient’s family did not 
permit a serial electrocardiographic study. However, on 
the 16th hospital day 150 ml of turbid yellow fluid was as- 
pirated from the pericardial sac, with attendant reduction 
of the pulsus paradoxus. 


On the basis of our experimental observations, and 
in consonance with the views of several other investi- 
gators,?1-26 we have assumed that the total electro- 
cardiographic alternation that occurred in these 2 
. patients was due to periodic motion, at half the 
pulse rate, of the heart within the fluid-filled peri- 
cardial sac. Direct evidence in support of such a 
mechanism has been provided by Price and Den- 
nis,23 who observed pendular oscillatory movements 
of the heart in the cineangiogram of a patient with 
QRS alternation, severe aortic insufficiency and 
metastatic pericardial nodules with massive effusion. 
Five additional patients have been described?* 76 
who had echocardiographic studies demonstrating 
the clinical association of pericardial effusion and 
electrocardiographic alternation with repetitive’ car- 
diac motion that cycles at half the heart rate. In 
view of this mechanistic explanation it is not surpris- 
ing to note that some reports describe alternation of 
the heart sounds occurring in association with its 
electrocardiographic manifestations. 21,2? 


Discussion 


Our experimental observations clearly demon- 
strate that isolated hearts, suspended in a fluid me- 
dium, are capable of undergoing the kind of swinging 
anatomic movement that has been purported to be 


the cause of total electrocardiographic alternation. 
Although the mechanism has not been entirely eluci- 
dated, 3 characteristic features stand out. First, as 
would be necessary to account for exact electrical al- 
ternans, the periodicity of the mechanical move- 
ments is synchronized to half the cardiac rate. Sec- 
ond, the vigor and range of mechanical motion is 
sufficient to account easily for the associated electri- 
cal effects. Finally, the observed movements appear 
to be bistable in the engineering sense of exhibiting 
“flip-flop” action, rather than being of a simple pen- 
dular nature. 


The last characteristic, flip-flop action, offers a 
simple clue to what we surmise are the dynamic 
bases of the anatomic alternation. In our explanation 
of the phenomenon we recognize first, that the sus- 
pended heart is almost weightless in the fluid medi- 
um because of Archimedean buoyancy, and we as- 
sume that in this milieu it attains some position of 
rest toward the end of diastole. Next, we assume 
that increasing systolic pressure produces an axial 
thrust within. the aortic stump, which causes it to 
straighten out and in this wav impart a pendular 
“kick” to the nearly weightless heart. Presumably 
the heart overshoots and comes to a new resting po- 
sition. Finally, the next axial thrust impels the heart 
toward its previous end-diastolic location, and thus 
completes the cycle of anatomic alternation. 

Several reports note the apparent propensity for > 
total electrical alternans to be associated with forms . 
of pericardial effusion due to invasion by infection or 
malignancy.??-23,27,28 This relation may be the re- 
sult of pure chance and, indeed, the earliest descrip- 
tions of the condition dealt with pericardial effusion 
of a noninflammatory origin.*1 Nevertheless, it is in- 
teresting to speculate that fixation of the aorta by an 
invasive process may simulate our experimental 
preparations, in which a relatively short aortic 
stump is ligated to the perfusion cannula. The effec- 
tive shortening of the initial aortic segment by dis- 
ease, and its dynamic consequences, might then 
favor the development of anatomic alternation. 

In contrast to proponents of the preceding hypoth- 
esis, Spodick?® favors the concept of critical cardiac 
compression, which he defines as that level of rising 
intrapericardial pressure at which “a breakdown in 
the cardiocirculatory compensatory mechanism oc- 
curs.” Among other arguments presented in favor of 
this view, he cites 2 patients with estimated effusion 
volumes of 450 ml and 1 liter, respectively, whose 
electrical alternation stopped after the aspiration of 
only 50 ml of fluid. Similar experiences have been 
reported by others, although in our first patient al- 
ternans persisted even after 400 ml of fluid had heen 
removed. 


The concept of critical cardiac compression cer- 
tainly commands careful consideration, and may in- 
deed apply to some cases of alternans. On the other 
hand, cardiac movements concordant with the “ana- 
tomic rotation hypothesis” have been described in a 
few clinical instances and, as reported here, have 
been successfully reproduced in a laboratory model. 
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Although the results of mitral valve replacement in patients with mi- 
tral valve disease and pulmonary arterial hypertension are usually 
gratifying, persistent right ventricular decompensation occasionally 
occurs despite successful insertion of a mitral prosthesis. It is possi- 
ble that when pulmonary hypertension Is slow to resolve, the loss of 
an intact pericardium incurred by the operative Intervention allows 
right ventricular dilatation to occur acutely. In some cases, the latter 
might lead to chronic irreversible right ventricular failure. To test this 
hypothesis, right ventricular hypertension and failure were produced 
in 62 cats by pulmonary arterial banding. Thirty-two of these cats 
had a total pericardiectomy, and in 30 the pericardium was recon- 
stituted. The mortallty rates for each group were similar. Right heart 
cathetérization was performed in the surviving animals 4 to 145 days 
later. There were no significant differences in the degree of right 
ventricular failure between cats with and without an intact pericar- 
dium. Isometric contractile function of papillary muscles was mea- 
sured with each muscle at the peak of its length-tension curve 
(Lmax). Active tension, rate of tension development, time to peak 
tension and the contractile response of the papillary muscles to nor- 
epinephrine were similar in each group. Thus, the absence of a peri- 
cardium does not seem to affect the degree of experimental right 
ventricular failure induced by a chronic pressure stress on the right 
ventricle. 


The results of mitral valve replacement in patients with mitral valve 
disease and pulmonary arterial hypertension are usually gratifying. 
Occasionally, however, coexisting right ventricular decompensation 
fails to resolve despite successful insertion of a mitral prosthesis and 
attendant resolution of pulmonary arterial hypertension. 

Several hypothesés can be offered to explain this phenomenon. It 
may be that prolonged exposure to chronic pressure stress produces 
myocardial changes that are irreversible despite correction of the 
mechanical defect. On the other hand; the operative intervention it- 
self may contribute to the production of irreversible alterations of ` 
myocardial function. For example, the pericardium often is not re- 
sutured at the conclusion of open heart operations, and it is possible 
that loss of an intact pericardial structure might allow progressive 
right heart dilatation and failure to occur, especially if markedly in- 
creased pulmonary pressures are present for several days after mitral 
valve replacement.1-3 Therefore, to determine experimentally. wheth- 
er an intact pericardium might protect against the development of 
progressive right heart failure, we subjected the right ventricle to a 
pressure stress in 2 groups of cats, 1 in which the pericardium was 
intact, and 1 in which pericardiectomy had been performed. 


Methods 


Right ventricular failure or hypertrophy, or both, was produced in 62 adult 
cats weighing 2.0 to 2.8 kg by placing a 3.1 mm clip around the pulmonary 
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artery and reducing the lumen by approximately 85 per- 
cent.4 The animals were anesthetized with intravenously 
administered sodium methohexitol (15 mg/kg body weight) 
and succinyl choline (1 mg/kg). Intermittent positive pres- 
gure respiration was maintained with a Harvard respirator. 
Under sterile conditions a left thoracotomy was performed 
and the clip applied around the main pulmonary artery. In 
32 cats the pericardium was completely. removed before 
banding. In 30 cats, a 3.0 to 3.5 cm incision in the pericar- 
dium was made, the clip applied and the pericardium care- 
fully reconstructed with 6-0 silk using interrupted stitches 
(control group). 

Right heart catheterization was performed under sodi- 
um pentobarbital anesthesia (25 mg/kg) in 32 of the 34 
surviving cats 4 to 145 days after thoracotomy. A no. 4 
National Institutes of Health catheter was advanced into 
the right ventricle by way of the right external jugular 
vein. The descending aorta was cannulated with no. 90 
polyethylene tubing by way of the femoral artery. Pres- 
sures were recorded with a Statham pressure transducer 
and displayed on a Sanborn multichannel oscillograph. 
The zero reference point was taken at the mid-chest posi- 
tion. Cardiac output was determined by the indicator- 
dilution technique, and the cardiac index was determined 
by dividing cardiac output by body weight at the time of 
catheterization. 

The influence of the pericardium on right ventricular 
function after acute and chronic pulmonary arterial con- 
striction was determined by randomly subdividing the 
control animals and the animals with the pericardium re- 
moved into 2 groups. Ten of the cats with pericardi- 
ectomy and 9 control cats were catheterized 4 to 10 days 
after banding; the remaining animals were studied 15 to 
145 days after surgery. The hemodynamic states of each 
group were compared. 

Right heart catheterizations were also performed in 15 
healthy cats (2.0 to 2.5 kg). This group served to define 
the normal range of values to cardiac output and right 
heart pressure. After catheterization in the normal group 
and in the group with pulmonary arterial banding, the 
hearts were rapidly excised and the right ventricular pa- 
pillary muscles removed to a myograph for studies of their 
mechanical function. The right ventricular free wall was 
_carefully separated, blotted dry and weighed. The ratio of 
right ventricular weight to total body weight was deter- 
mined. | 

Myocardial mechanics: Myographic studies were per- 
formed to determine if the presence or absence of a peri- 
cardium under the conditions of a right ventricular pres- 
sure stress has any direct effect on myocardial contractili- 
ty (apart from the effect it would exert in the intact heart 
to restrict ventricular filling and thereby apparently alter 
the Frank-Starling relation). Right ventricular papillary 
muscles were transferred to a myograph containing a 
modified Krebs bicarbonate solution, which maintained a 
pH of 7.4 when aerated with 95 percent oxygen and 5 per- 
cent carbon dioxide. This preparation allows direct analy- 
sis of myocardial contractile function at a controlled heart 
rate independent of the pericardium, muscle length and 
neurally mediated reflexes. The nontendinous end of the 
muscle was held by a lucite clip attached to a Statham 
force transducer by a stainless steel pin that penetrated 
the bottom of the myograph. The muscle-tendinous junc- 
tion was tied with 4-0 silk and attached to a light alumi- 
num alloy lever arm, both ends of which were fixed by 


micrometers. The muscles were stimulated at a frequency 


of 12/min with a square wave pulse of 5 msec duration at 
a voltage of 10 to:20 percent above threshold. Field stimu- 
lation was delivered through platinum electrodes parallel 
with the muscle. All muscles were studied under isometric 
conditions at the apex of their length-active tension curve 
(Lmax) at a constant temperature of 30 C. 

Active tension (T), the rate of development of active 
tension (dT/dt) and the time required to reach peak ten- 
sion (TTP) were recorded continuously. The muscles were 
stimulated until their contractile function was stable for 
at least 15 minutes, this period representing contro! iso- 
metric function. 

The effects of an intact pericardium on the capacity of 
the myocardium to respond to inotropic stimuli were 
studied by determining concentration-response curves to 
norepinephrine (10-8 to 10-4 M) using papillary mus- 
cles from cats banded 4 to 10 days previously. Aliquots of 
the standard norepinephrine solution were added every 3 
to 5 minutes with the volume of the drug not exceeding 1 
percent of the bath volume. The contractile responses to 
norepinephrine of 7 muscles from cats that had undergone 
pericardiectomy were compared with those of 4 muscles 
from cats with a reconstituted pericardium. 

At the conclusion of these experiments, the muscles 
were blotted and weighed, and contraction indexes were 
corrected for cross-sectional area. Student’s ¢ test for 
paired and unpaired data was used for all statistical cal- 
culations. 


Results 


The mortality rates for the animals that had un- 
dergone pericardiectomy and animals with a reconsti- 
tuted pericardium were similar. Thus, of the 32 cats 
that had undergone total pericardiectomy, 13 died 
after pulmonary arterial banding; of the 30 cats with 
an intact pericardium, 15 died after banding. 
Twenty of the 28 deaths occurred within 72 hours 
after operation (10 from each group), and the re- 
maining deaths occurred within 30 days. 

Hemodynamic data: The results obtained from 
the normal cats and banded cats aré summarized in 
Table I. Animals with a right ventricular end-dia- 
stolic pressure above and a cardiac index below the 


- normal range were considered to have congestive 


heart failure. Of ‘the 34 banded animals, all but 5 
met the criteria for congestive failure. The remaining 
5 animals had an abnormal right ventricular end- 


diastolic pressure or cardiac index. All 5 had a ratio 


of the right ventricle to body weight of greater than 
or equal to 0.72 g/kg, a value 2 standard deviations 
above the normal ratio established in 12 of the nor- 
mal cats (0.52 + 0.10 g/kg; mean + standard devia- 
tion). These 5 animals were considered to have right 
ventricular hypertrophy without failure. There were 
no significant early or late postoperative differences 
in right ventricular function between the cats band- 
ed after removal of the pericardium and those band- 
ed with a reconstructed pericardium. 

Myocardial mechanics: The mean cross-sectional 
area of the papillary muscles was 1.15 + 0.14 mm2, 
and there were no significant intergroup differences. 
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TABLE | 


Hemodynamic Data Obtained in Normal Cats and Cats with Pulmonary Arterial Banding 


(mean + standard error of the mean) 








RVP RVEDP RAP Cardiac Index 
(mm Hg) (mm Hg) (mm Hg) (ml/min per kg) 
no. 27.0 + 2.2 2.14 0.2 1.2 0.3 183.1 7.6 
Normal cats 15 (15-42) (1-3.5) (0-3) (150-235) 
Cats with banding 
Pericardectomy 
A* 10 48.3 + 3.3 6.9+ 0.74 © 5.8+ 0.9 121.2 + 15.0 
(33-63) (4.0-11.0) (2.0-11.0) (64.0-216.0) 
Bł 7 61.8 +- 7.8 5.9+1.1 4.0+ 0.6 112.0 + 16.3 
(37-100) (2.5-11.0) (1.5.5) (77 .0~151.0) 
Pericardijum reconstituted 
C* 9 52.9 + 6.3 9.5 + 1.4 7.6+ 1.0 107.1 + 9.3 
(30-75) (3.0-14.0) (3.0-13.0) (66.0-148.0) 
Dt 6 48.2 + 4.2 §.6+0.5 4.3+0.5 111.5 +: 11.2 
(35-62) (4.0-7.0) (3.0.5) _ (93.0-140.0) 


* Catheterization 4 to 10 days after thoracotomy (median 7 days). 


+ Catheterization 25 to 145 days after thoracotomy (median 60 days). 


tł Catheterization 15 to 100 days after thoracotomy (median 44 days). 


Figures in parenthesis Indicate range. 


# 


no. = number of animals; RAP = right atrial pressure; RVP = right ventricular systolic pressure; RVEDP = right ventricular end- 
diastolic pressure; all groups with banding differed from those of control animals by P<0.01 or greater. No differences were noted be- 


tween the groups with banding. 


Figure 1 depicts the isometric function of papillary 
muscles from normal cats and cats banded after re- 
moval of the pericardium with an intact pericar- 
dium. Although active tension and the rate of ten- 
sion development were significantly lower in muscles 
obtained from the animals with banded pulmonary 
_ arteries, no differences existed between the muscles 
from the 2 subgroups of cats that had undergone 
banding. In addition, the presence of an intact peri- 
cardium did not result in significant differences in 
the contractile response to norepinephrine (Fig. 2). . 


Em CONTROL 
CHF - Pericardectomy 
KY CHF -Intact Pericardlum 


RATE OF TENSION 
25 DEVELOPMENT 


ACTIVE TENSION 








Discussion 

Several previous studies have suggested that the 
pericardium plays a protective role in preventing ex- 
cessive cardiac dilatation. As early as 1915, Evans. 
and Matsuoka® and Kuno® concluded that the peri- 
cardium limits acute dilatation of the heart’ under 
conditions of marked volume loads. Subsequently, 
Berglund et al.” demonstrated that the pericardium 
restricts right ventricular filling and output in vol- 
ume-loaded dogs with a partially constricted aorta, 
and Bartle and co-workers® showed roentgenographi- 


TIME TO PEAK 


FIGURE 1. Isometric contractile function 
measured at the apex of the length-tension 
curve In control cats and those with conges- 
tive heart fallure (CHF). Each bar represents 
the mean + standard error of the mean. Ac- 
tive tension and rate of development of ten- 
sion were significantly greater in the contro! 
than In either group with heart failure (P 
<0.001). In those muscles obtained from 
cats with heart fallure, the presence of an ~ 
intact pericardium did not result In any sig- 
nificant differences in contractile function. 
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cally that the pericardium limited ventricular expan- 
sion consequent to volume loading. Holt et al.® 
showed that intrapericardial pressure increases dur- 


ing acute volume loading, a finding also compatible ` 


with the hypothesis that-acute dilatation of the vol- 
ume-loaded heart is limited by an intact pericar- 
dium. } 

Our own interest in the potential role of the peri- 
cardium in preventing right heart dilatation and fail- 
ure stems from 3 considerations: (1) Right heart fail- 
ure is not a rare phenomenon in the early postopera- 
tive period in patients undergoing mitral valve re- 


placement, and occasional patients have persistent — 


right ventricular failure for months or years after 
mitral valve replacement; (2) pulmonary arterial hy- 
pertension may persist for several days after success- 
ful mitral valve replacement; and (3) the pericar- 
dium often is left open after cardiac surgery. On the 
basis of the experimental evidence just cited indicat- 


ing that the pericardium can prevent cardiac dilata-. 


tion, it seemed possible that progressive, and at time 
irreversible, right ventricular dilatation and failure 
might appear in the early postoperative period in pa- 
tients whose pericardium was not left intact and 
whose pulmonary arterial pressure remained in- 
creased. 

However, the results of this study demonstrate 
that the pericardium does not significantly influence 
the degree of right ventricular decompensation 
caused by a pressure stress imposed on the right ven- 
tricle of cats present for a period of 4 to 145 days. 
There were no differences in mortality rates, right 
ventricular hemodynamic function or isolated right 
ventricular papillary muscle function between the 
cats with a right ventricle subjected to a chronic 
` pressure load with the pericardium intact or with the 
pericardium removed. 

The apparent discrepancy between our results and 
those of previous investigations can be resolved if 
one takes into consideration both the duration of the 
experimental intervention and the type of load im- 
posed on the heart. For example, the pericardium 


has been shown to be a relatively inextensible tissue 


when acutely tested,1° and the conclusions regarding 
the restricting function of the pericardium were de- 
rived from observations following the imposition of 
an acute volume load.®% 14 However, the pericardial 
sac can distend markedly when exposed to a chronic 
stress, a point illustrated by the considerable degree 
of dilatation that occurs with chronic pericardial 
effusions or in the chronically failing heart. Thus, 
our finding that the intact pericardium does not pro- 
tect against the development of right ventricular 
failure precipitated by the imposition of. a chronic 
pressure stress is not surprising in light of the impor- 
tance of the duration of an intervention on pericardi- 
al function. i 

The lack of a difference in acute mortality can 
probably be best explained by considering the type 
of cardiac stress employed. For example, a volume 


e@—e CHF -PERICARDECTOMY 
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C xO? IxiO77  Ixi07®  Ixi07*  Ixi0™$ 
NOREPINEPHRINE CONCENTRATION 
FIGURE 2. Changes in active tension produced by norepineph- 
rine In 7 papillary muscles obtained from cats that had under- 
gone pericardiectomy and in 4 muscles from cats with a recon- 
stituted pericardium. No significant differences in the concen- 
tration-response curves were demonstrated. 


load was employed in all studies demonstrating that 

the pericardium exerted a restrictive role in prevent- 
ing cardiac dilatation. In contrast to these results, 
Gibbon and Churchill?? demonstrated that acutely 
opening the pericardium had no effect on central ve- 
nous or arterial pressure in animals in which an acute 
pressure load was imposed on the right ventricle. 
Similarly, Kenner and Wood?? demonstrated that 
acute. obstruction to right or left ventricular out- 
flow did not increase intrapericardial pressure de- 
spite the roentgenographic demonstration of cardiac 
dilatation and the finding of increased ventricular 
filling pressures. Kenner and Wood suggested that 
the degree of cardiac dilatation that occurs as a re- 
sult of an acute pressure load is insufficient to fill the 
entire pericardial cavity. Our results are consistent 
with this hypothesis and in addition suggest that in 
the experimental animal the pericardium does not 
contribute to the preservation of myocardial function 
when the right ventricle is exposed to either an acute 
or chronic pressure stress. It remains to be deter- 
mined whether the pericardium functions differently 
in man, or whether the occasional appearance of re- 
fractory right heart failure in the patient with suc- 


‘cessful mitral valve replacement is ascribable to 


some other insult occurring during open heart sur- 
gery or to irreversible myocardial changes occurring 
before operation. | 
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Videodensitometry was employed to evaluate the presence and de-, 
gree of aortic regurgitation in 4 anesthetized closed chest dogs with 
chronically implanted aortic electromagnetic flow transducers before 
and after the creation of aortic regurgitation by valvotomy. Angio- 
grams were recorded on magnetic tape after injection of 4 to 6 mi of 
radiopaque material (Renovist), and videodensograms (roentgen- 
derisity-time curves) were recorded upstream and downstream to 
the aortic valve on replay of the video tape. The aortic regurgitant 
index (X) was calculated as the ratio of areas (in roentgen 
density-seconds) of the left ventricular and aortic videodensograms. 
Eighty-eight determinations, covering a wide range of aortic regurgi- 
tation, were made at heart rates ranging from 50 to 200 beats/min 
and compared to simultaneously obtained ‘regurgitant indexes by 
electromagnetic flowmeter (F), F = 0.92X — 0.01, r = 0.95, and by 
Upstieat sampling indocyanine green dye-dilution technique (D), D 

= 0.91X + 0.05, r = 0.92. Replicate measurements of the regurgi- 
tant index by videodensltometry were closely similar. We belleve that 
videodensitometry provides a sensitive method for detection and es- 
timation of the severity of aortic regurgitation, presumably applicable 
in man. 


Roentgen videodensitometry1 has been used for detection of mitral?>3 
and aortic regurgitation?:5 and recently was shown to be applicable 
for detection of atrial left to right shunts.® In this study, videodensi- 
tometry was ‘evaluated as a method for quantitation of aortic regur- 


. gitation. The results were compared to data simultaneously obtained 


from the conventional upstream-sampling dye-dilution technique, 
which is essentially an identical method, and from an electromagnet- 


_ le aortic flow transducer, as an independent method. 


Methods 


Four normal mongrel dogs weighing 13 to 18.5 kg were anesthetized with 
morphine (2. 5 mg/kg body weight intramuscularly) and pentobarbital (15 
mg/kg intravenously). In all 4 dogs, a cuff-type electromagrietic flow trans- 


- ducer was implanted around the ascending aorta 2 to 3 weeks before the ex- 


periment. Complete atrioventricular block was produced in 2 of these dogs 
by a percutaneous method,? in one 3 weeks before and in the other on the 
day of the experiment. Heart rate and atrial-ventricular interval were con- 
trolled by bipolar électrode catheters, with the tips positioned against the 
wall of the right atrium and the right ventricular outflow tract, respective- 
ly. | : . 

‘Other catheters were introduced percutaneously, and their tips were pósi- 
tioned in the main pulmonary | artery, aortic arch, ascending aortg and 
abdominal aorta. The catheter in the ascending aorta was of the blind-end 
spray-tipped Rodriguez type. Two more catheters were introduced by way 
of the right external jugular vein transseptally into the left atrium and 
through the mitral valve into the high and low left ventricle, respectively. 

All catheters were placed without thoracotomy and were connected to 
strain gauges (Statham P23D or P23G). During the experiments, the dogs 
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(Dog i8.5kg, Aortic Regurgitation, 
4ml 69 % Renovist into Ascending Aorta) 


HIGH Low ee 
LEFT VENTRICLE. . : 


AORTA 


LEFT VENTRICLE i 





FIGURE 1. photsaraphs of television screen showing size and position of sampling window (bright fectaiigaier areas) of roent- 
. gen videodensitometer used for detection and quantitation of aortic regurgitation. Sampling windows delineate the area over the 
` aorta and high and low left ventricle, respectively, from which the voltage of video signal was sampled during successive replays 
of vidéoanglogram. Pictures were taken by 1 /60-second exposures during successive replays of video tape and synchronized to 
occur Immediately after termination of a single Injection of contrast material Into aortic root. Because of aortic regurgitation, the 


left ventricle is faintly outlined, In addition to the aorta. 


were supported and maintained in the right decubitus po- 
sition by means of molded half-body Lucite casts (courte- 


sy David Clark Co., Worcester, Mass.) so that the plane of - 


the aortic valve was approximately parallel to the roent- 
gen beani. The dogs were ventilated at 25 to 35 breaths/ 
min by means of a ¢uffed, plastic: ‘endotracheal tube using 
intermittent positive pressure of 8 to 10 cm of water. Dur- 
ing recording of angiograms, dye curves and pressures, 
respiration was temporarily suspended by opening the air- 
way to ambient pressure. The competency of the ‘aortic 
valve was studied before and after creation of anatomic 
aortic insufficiency by either closed chest transarteérial 
valvotomy (3 dogs) or by means of a basket catheter inter- 
fering with closure of the valve leaflets (1 dog). Widely 
different degrees of aortic regurgitation in the same dog 
were produced by incremental destruction of the aortic 


valve (2 dogs), by variable stages of expansion of the bas- ` 


ket catheter in (1 dog), and by variation in heart rate (all 
dogs). 

Videoangiograms and dye-dilution curves: The pres- 
ence and degree of aortic regurgitation were assessed by 
roentgen videodensitometry, the upstream-sampling dye- 
dilution technique and the aortic electromaghetic flow- 
meter. Videoangiograms and: dilution curves of indocya- 
nine green in blood sampled continuously from the left ven- 
tricle and abdominal aorta were recorded simultaneously 
with flow pulses from the ascending aorta and various cir- 
culatory pressures. Recordings were made before, during 
and after ascending aortic injection of 4 to 6 ml of a solu- 
tion consisting of 0.3 mg of indocyanine green per millili- 
ter of 69 percent Renovist® (meglumine and sodium di- 
atrizoate). The injections lasted about 1 second and, de- 
pending on the heart rate, extended over 1 to several heart 
cycles. Under given hemodynamic conditions, 2 réplicate 
injéctions into the aortic root were usually alternated with 
1 injection into the main pulmonary artery. Multiple such 
sequences Of injections were performed during each exper- 
iment, during spontaneous rhythm, and during atrioven- 
tricular pacing at heart rates ranging from 50 to 200 
- beats/min. The angiograms were recorded on video tape 
and analyzed by a videodensitometer during successive re- 
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plays of the tape; thè sampling window was placed over 
the ascending aorta, 5 to 6 mm downstream to the aortic 
valve, and the outflow and apical regions of the left ven- 
tricular cavity, respectively (Fig. 1). 

Videodensograms: The output of the videodensitomet- 
er, the so-called videodensogram, together with the elec- 
trocardiogram, position of the injection syringe, and a bi- 
nary decimal signal for synchronization with parallel 
photokymographic and analog magnetic tape recordings 
were fed into a time-shared digital computer (CDC 3300). 
The videodensograms were compensated for nonspecific 
variations in roentgen density associated with variations in 
volume and geometry of aorta and left ventricle during 
each heart cycle: This compensation was accomplished by 
the computer, which calculated the average roentgen den- 
sity during each successive 1/60-second interval after the R . 
wave for 4 cardiac cyclés immediately before the injec- 
tion; this averdge cardiodensogram was then subtracted 
from the original videodensogram in exact temporal rela- 
tionship. 

The ateas under the aortic videoderisograms were calcu- 
lated by the computer, which summed the output of the 
videodensitometer that had been converted into roentgen- 
density units for the time from midpoint of injection until 
the concentration of the indicator had decreased’ to 60 
percent of the maximum. The areas of the left ventricular 
videodensograms were calculated in identical fashion and 
over the same time interval as the areas of the corre- 
sponding aortic videodensograms. 

The videodensitometer was calibrated as described else- 
where.*: The relationship between changes in roentgen 
density and corresponding videodensitomer output values — 
in roentgen density units as measured by the opti- 
cal density ruler® is linear. Furthermore, the slope of this 
line is unaltered by different levels of background density 
due, for instance, to accumulation of Renovist i in the cir- 
culation during ari experiment.® 

Renovist-indocyanine dye curves: Dye curves were re- 
corded simultaneously from the left ventricle and abdomi- 
nal aorta by withdrawing blood through cuvette densitom- 
eters (Waters XC250A) at a rate of 10 ml/min using infu- 
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FIGURE 2. Raċördings: obtalned. during determination of zero “flow: level of aortic sieetromannetic ilow pulses denna temporary 
ventricular asystole produced by temporary Interruption. of atrial and ventricular pacing stimuli in a 14 kg dog with complete 
heart block and aortic Insufficiency. Note that ventricular: -asystole was of sufficient: duration so that equilibration of aortic and 

‘left ventricular pressures occurred. Aortic flow was assumed to be, zero after this point, and the horizontal aortic flow tracing ob- 
tained under these conditions was’ ‘used as zero- -flow reference line. A and V identify artifacts on electrocardiogram caused by 
atrial and ventricular pacing stimull, Fespectively. Break In. recording coMespones:s to an elapsed time of 2 seconds. 


sion-withdrawal pumps (Harvard). The 
were calibrated by collecting aliquots of the dogs’ blood. i in 
syringes to which graded amounts’ of indocyanine green 
were added and by recording the response of the densi- 


_ tometer to these known concentrations. Areas under ‘the .- 
dye-dilution curves were determimed by, tne triangle ~. 
» the flow transducers for forward and retrograde flows, 
“using normal ‘saline as perfusing solution, was linear. 


method. 10 
When indocyanine green dee was inijected: into the 


‘main pulmonary artery, the areas. under the left ventricu- E 
lar and abdominal aortic .dye curves were, as expected, ' 
equal, in both the’ absence and, the presence.of aortic re- - 
gurgitation. However, after injection of the Renovist-indo- 


cyanine green solution into the pulmonary artery, the area 
- under the left ventricular dye curve was ‘consistently larg- 
er than the area under the abdominal aortic, dye curve. 
This unexpected finding is believed to be due to: the rela- 


tively slow stabilization of the.changes in infrared trans- 


mission of whole blood caused by ‘the alterations in shape 
and possibly orientation of red blood cells after the sud- 
den increase in osmolality of the: plasma induced. by’ the 


addition of 69 percent Renovist.11 The ratio of the 2 areas ` 
was relatively constant throughout | a. given ; experiment ` 
and was used to correct for the difference in densitometer k 


recordings. ` ~ 
` . Electromagnetic Howmeter cording. The ascending 


aortic flow pulse obtained by the. electromagnetic flow- | 
meter was analyzed by planimetry from fast-(100 mm /sec) 


densitometers 


~ 


diastolic portion of the flow. pulse and the zero flow line 


represents the regurgitant stroke volume (including coro- - 


nary. diastolic flow). The flowmeter was calibrated in vivo 


by relating cardiac output, as measured by dye curves be- 
fore production of aortic insufficiency, to the area of si- 


~-multaneously recorded flow pulses. In vitro calibration of 


‘through zero for the range of flows occurring in vivo. 
‘Thus, the same calibration factor pertained for forward 


yS 


“ and retrograde flows. 


Aortic regurgitant index: The degree of aortic regurgi- 


tation in.this study was expressed as the regurgitant frac- 


‘tion of total forward flow across the aortic valve or the re- 


- photokymographic records. Before creation of aortic insuf- D : 


ficiency, end-diastolic aortic flow was assumed to. be Zero. , 
After creation of aortic insufficiency by ‘valvotomy, the.. 
zero flow line was established: by temporary :arrest of the - 
heart for a period sufficient to allow equilibration of aortic... 
and left ventricular pressures; at this point; ‘aortic flow’. 
was assumed to. be zero (Fig.' 2). Tn the dog that’ had aortic « 
insufficiency produced by means ‘of a basket. catheter, ‘the ` 
zero flow line was obtained.-by withdrawing the basket a 
‘into the catheter sheath, thus réeatablishing competency of 


the aortic valve.’ 


' The area’enclosed between the: Dosie systolic portion ` 


of the flow pulse and the zero flow’ line .is~equivalent to 


the total stroke volume - (exclusive of ‘systolic coronary, 
flow); similarly, the area enclosed between the Bi mlenalye: 


gurgitant. index = Qr/Q:, in which Qr = regurgitant flow 


and Qs = total forward flow across the valve. Because Qr 


-+ „and Qt refer to the same time interval (which therefore 
"cancels out), the ratio Qr/Q: is identical to the ratio RV/ 
=. TSV, in which RV = regurgitant volume and TSV = total 


stroke volume. 
` It has been shown1#14 that Qr/Qr = A, proximal cham- 


. ber/A, distal chamber, in which A, proximal chamber = 


area under .the concentration-time curve recorded from 
the proximal chamber, and'A, distal chamber = area 


‘under the concentration-time curve recorded from the dis- 


tal chamber after injection of indicator into a chamber 
distal to a valve in the presence of valvular regurgitation. - 
Accordingly, Qr/Q: by dye curve was calculated as the 


ratio of the area under the left ventricular dye curve to 


the area under the abdominal aortic dye curve after injec- 
tion of dye or Renovist-dye solution into the aortic root. 


`. Similarly, Qr /Qt by videodensitometry was determined as 


the ratio of the area under the left ventricular dye curve 


_to the area under the aortic videodensogram after injec- 
- tion of Renovist-dye solution into the aortic root. To cor-| 


rect for the differences in depth of aorta and left ventricle 


` that is, to convert frorn roentgen density to concentration 


this ratio was multiplied by the ratio of aortic to left ven 
tricular roentgen density after injection of Renovist inte 


` the pulmonary artery. 


Pad 


The ratio RV/TSV by flowmeter was calculated as thi 
ratio of the negative diastolic area to the positive systoli 
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FIGURE 3. Norma! dog. Computer replot of circulatory variables during Injection of Renovist-indocyanine green solution into as- 
cending aorta of a normal 13 kg dog under morphine-pentobarbital anesthesia. For this figure and for Figures 4 and 6, simulta- 
neous data from analog magnetic tape and from video tape were converted into digital form and replotted under control of a dig- 
Ital computer (CDC 3300) with use of a rapid incremental plotter (Calcomp). Absence of a significant deflection of the left ven- 
tricular videodensogram coincident with injection of contrast medium and absence of a deflection in the left ventricular dye 
curve and of a negative diastolic portion of aortic flow tracing, respectively, indicate absence of significant aortic regurgitation. 
There is a small gradual increase in roentgen density of the high left ventricle beginning during injection of contrast medium. This 
increase is due to traversal of the indicator-blood mixture through the myocardium by way of the coronary circulation and subse- 
quently to systemic recirculating indicator in left ventricular blood whose presence is indicated by secondary deflection of aortic 
curve. Deflections colncident with each heartbeat on recording of concentration of indocyanine green in left ventricle are artl- 
facts caused by nonspecific variations In light transmission of blood resulting from pulsatile flow through densitometer. 


area between the zero flow line and these segments of the 
flow pulse. Both RV and TSV were average values from 5 
successive flow pulses, the first of which coincided with 
the injection of Renovist-dye solution into the aortic root. 

The simultaneous recording of videoangiograms, dye 
curves, and the ascending aortic flow pulse after the injec- 
tion of Renovist-dye solution into the aortic root allowed 
comparison of the regurgitant index obtained by the 3 
methods under identical hemodynamic conditions. 


Results 


Figure 3 shows simultaneous dilution curves of in- 
docyanine green and 69 percent Renovist recorded by 
cuvette densitometry and roentgen videodensitome- 
try along with the concurrently occurring flow pulses 
in the ascending aorta during injection of the indica- 
tor solution just downstream to the aortic valve of a 
normal dog. Similar recordings in the same dog after 
aortic valvotomy and consequent severe aortic regur- 
gitation are shown in Figure 4. Small regurgitant in- 
dexes by videodensitometry (up to 0.13) were fre- 
quently found before creation of anatomic aortic 
insufficiency (Fig. 3). They are likely to be nonspe- 
cific and caused by contrast material that is distrib- 
uted into the myocardium by way of the coronary ar- 
teries and therefore traverses the segment of left ven- 

ricle under the sampling window of the videodensi- 
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tometer, with a short time delay after its injection 
into the ascending aorta. 

Comparison of 62 simultaneous determinations of 
the regurgitant index by electromagnetic flowmeter 
and by upstream-sampling indicator-dilution tech- 


niques is shown in Figure 5. The regurgitant indexes 


by videodensitometry (when measuring roentgen 
density over the high left ventricle) and by cuvette 
densitometry show a similar correlation to the regur- 
gitant index obtained by electromagnetic flowmeter. 
This finding indicates mild overestimation of the re- 
gurgitant index by the former 2 methods in compari- 
son with the latter. The overestimate is slightly 
higher for the regurgitant index by videodensitome- 
try when roentgen density is measured over the low 
left ventricle. A total of 92 determinations of the re- 
gurgitant index obtained ‘by measuring roentgen 
density over the high and over the low left ventricle 
and relating it to roentgen density over the ascending 
aorta were compared. This comparison shows a good 
correlation (y = —0.06 + 1.15x, r = 0.98) and con- 
firms the slight overestimate of the regurgitant index 
when roentgen density is measured over the low left 
ventricle. 

Reproducibility of the values for the regurgitant 
index by videodensitometry was tested by comparing 
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FIGURE 4.. Severe aortic regurgitation. Computer replot of circulatory variables during Injection of Renovist-indocyanine green 

_ solution Into the ascending aorta in a 13 kg dog with aortic regurgitation under morphine-pentobarbital anesthesia. Large deflec- ` 
tions In the left ventricular videodensogram and dye curve, and the large diastolic reverse flow components In the aortic flow 
pulse Indicate severe aortic regurgitation. Note immediate response of videodensitometer to the presence of indicator In the 
aorta and left ventricle In contrast to the delayed responses of the catheter-cuvette densitometer recordings of dye curves. De- 
flection of the left ventricular dye curve is delayed longer than that of the abdominal aortic dye curve because of the larger 
dead-space volume of the left ventricular sampling catheter system met ventricular blood must traverse before reaching the den- 


sltometer. - 


the values determined from closely successive injec- 
tions of Renovist under virtually identical hemody- 
namic conditions. The plot of the 24 such paired de- 
terminations shows superposition of the line of iden- 
tity and the regression line of the 2 sets of values ty 
= 0.004 + 1.001x, r = 0.99). 

Simultaneous recordings of aortic and left ventric- 
ular videodensograms and dye curves, and of the as- 
cending aortic flow pulse before, during and after in- 
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jection of the Renovist-dye solution into the aortic 
root (Fig. 3 and 4) indicate that the videodensitom- 
eter system responds without appreciable delay to 
the appearance of dye in the aorta and left ventricle, 
respectively. By contrast, the catheter-cuvette densi- 
tometer-system is delayed several seconds because of 
the time required for the dye-blood mixture to tra- 
verse the “dead space” of the catheter-cuvette sam- 
pling system. This superior dynamic response of the 
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REGURGITANT INDEX 


FIGURE 5. Comparison in 4 dogs of aortic regurgitant indexes measured simultaneously by an aortic electromagnetic flowmeter and by 
upstream-sampling Indicator-dilution techniques using a roentgen videodensitometer and cuvette densitometers, respectively. Values 
obtalned from 2 videodensitometer sampling sites are shown. High LV and low LV indicate that the left ventricular sampling window 
was placed over the outflow tract and apical regions of the left-.ventricle, respéctively. Dashed and solid lines are SInes of Identity and 


regression lines of paired sets of values, respectively. 


February 1973 The American Journal of CARDIOLOGY Volume 31 


269 


QUANTITATION OF AORTIC REGURGITATION—-VON BERNUTH ET AL. 


AORTA 


HIGH LEFT VENTRICLE RICLE 4 


AORTA 
{mm Hg} 


ASCENDING ` \ \ | 
AORTIC FLOW i T 
{mi /sec) litt 


ECG) fh 


jan 
INJECTION VOLUME 








IAA hd. oe ee ee ee, ee 


CHANGE IN OPACITY 
(Roengten Density Units) 


mm me e me meee ter eee ee 


ite NI IIIIINALS 


___fsecond  , second 


FIGURE 6. Phasic relationships of pressure, flow and roentgen opacity during Injection of 69 percent Renovist into the ascending 

` aorta of a 13 kg dog. Note. temporal relationship of onset of Increase In left ventricular opacity, marked by vertical dashed line 
(A), to related hemodynamic events. Onset of retrograde flow of contrast medium from aorta to left ventricle was not coincident 
with start of injection but was delayed until onset of diastolic phase of aortic pressure pulse at which point, as would be expect- 
ed, direction of aortic flow as recorded by flowmeter was reversed to retrograde direction. 


videodensitometer makes it possible to relate the oc- 


currence of aortic regurgitation to specific phases of - 


the individual cardiac cycle (Fig. 6). This figure 
shows that the contrast medium appears practically 
simultaneously in the high left ventricle (that is, just 
upstream to the aortic valve) and in the low left ven- 
tricle (that is, the apical region) concurrently with 
the incisura of the first aortic pressure pulse after the 
onset of the injection of contrast medium into the 
aorta. This point coincides with the instant that aor- 
tic flow reverses from the forward to the retrograde 
direction and; hence, presumably with the onset of 
regurgitant flow from the aorta into the ventricle. 


Discussion 


Roentgen videodensitometry as used for quantita- 
tion of aortic regurgitation is an upstream-sampling 
indicator-dilution technique using a radiopaque sub- 
stance (Renovist) as the indicator. Therefore, the ac- 
curacy of the videodensitometric technique, like that 
of the dye-dilution method, is dependent on the 
characteristics and degree of mixing of-the indicator 
with the blood on both sides of the valve during the 
period of measurement. 

The application of upstream-sampling indicator- 
dilution technique for assessment of valvular regurgi- 
tation was first described by Wood and co-workers.14 
Its validity for quantitative determination of aortic 
regurgitation has been studied by Armelin,+5 Maloo- 
lył3 and Franki! and their co-workers, using bolus 
injection or continuous infusion of dye into the aortic 


root. In all studies, a high positive correlation was 
found between the regurgitant index and the severity 
of aortic regurgitation, as estimated by back perfu- 
sion of the aortic valve at autopsy,1° electromagnetic 
flowmeter?’ or electromagnetic rotameter.1® In our 
study, the bolus injection technique was used for de- 
livery of the dye and radiopaque material into the 


aortic root. In the experience of Frank et al.,17 this 


technique was less reliable than the continuous infu- 
sion technique for measurement of the regurgitant 
index, although earlier studies in our laboratory had 
demonstrated no preference between the 2 modes of 
injection. The regurgitant indexes in our study, cal- 
culated as the ratio of high left ventricular to aortic 
roentgen density after bolus injection of radiopaque 
material into the aortic. root, were comparable in ac- 
curacy and reproducibility to the data obtained by 
Frank et al.1® after continuous infusion of indicator. 
The reason may be that we used bolus injections 
that extended over at least 1 cardiac cycle, thus 
minimizing the variability of results introduced by 
injecting indicator during different phases of 1 cardi- 
ac cycle,15 

Comparison of the 3 methods: Regurgitant in- 
dexes obtained by both videodensitometry and the 
dye-dilution technique show a slight overestimate 
when compared to the same variable measured by 
electromagnetic flowmeter. Inaccuracy of the up- 
stream-sampling indicator-dilution technique proba- 
bly accounts only partly for this discrepancy, be- 
cause determination of the regurgitant index by elec- 
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tromagnetic flowmeter itself is likely to have consid- 
erable errors, depending on the choice of the zero 
flow line. | 

The regurgitant indexes determined by video- 
densitometry (sampling over high left ventricle) and 
by dye-dilution technique, when compared to the re- 
gurgitant index obtained by flowmeter, show almost 
identical regression lines. ‘This finding is probably re- 
lated to the high left ventricular sampling site of the 
videodensitometer, which in all dogs was nearly 
superimposed on the position of the tip of the left 
ventricular sampling catheter. However, the video- 


densitometer samples indicator from a larger and 


therefore more representative portion of the left ven- 
tricle than the cuvette densitometer, which samples 
only the blood-dye mixture that is juxtaposed to the 
tip of the sampling catheter. This fact may explain 
the closer correlation of videodensitometer values 
with flowmeter values than was obtained with the 
dye-dilution technique (Fig. 5). 

Comparison of the regurgitant indexes obtained 


from measurement of roentgen density over the high | 


and the low left ventricle shows a high correlation, 
indicating that, in the presence of an anatomically 


insufficient aortic valve, practically uniform mixing.’ 
of the regurgitated indicator-blood mixture and left ` 


ventricular blood must occur. The high correlation 
explains why, under the conditions of these experi- 
ments, the upstream-sampling indicator-dilution 
technique can provide a reasonably accurate esti- 
mate of the degree of aortic regurgitation. It also 


suggests that under these conditions the position of’ 
the sampling device within the left ventricle is not: 


critical. The position of the tip of the injecting cath- 
eter also is not. critical so long as the catheter does 
not interfere with the free movement of the aortic 
valve cusps and its tip is positioned no further than 
2 cm downstream to the aortic valve.15 

Our results indicate that roentgen videodensitom- 
etry is comparable to the upstream-sampling dye- 
dilution technique and an aortic electromagnetic 
flowmeter for the assessment of the severity of aortic 
regurgitation through an anatomically defective 
valve. In the instances of transient aortic regurgita- 
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tion, which may occur through a normal aortic valve 
during a single aberrant weak ventricular beat, the 
sensitivity of roentgen videodensitometry was superi- 
or to that of the latter 2 techniques.® 

Advantages of videodensitometry: Videodensi- 


- tometry has several features that render it particularly 


useful for the evaluation of valvular regurgitation. 
First, there is no need for a left ventricular catheter 


‘for sampling of indicator, thus eliminating the neces- 


sity for catheterization of the left ventricle. Second, 
its high dynamic response provides the capability of 
determining the temporal relationship of regurgita- 
tion to other hemodynamic events during specific 


phases of.individual cardiac cycles. Third, the tech- 


nique has: unique capability to record during succes- 
sive replays of the video tape simultaneous dilution 
curves from as many sampling sites as desired and of 


-any desired size and location after a single injection. 


This capability makes possible detailed study of 
dilution curves from multiple sites in one or more 
cardiac chambers or great vessels, provided there is 
no superposition of these structures at the site of the 
sampling window over their video images. Thus, it is 
possible, with 1 injection of contrast medium into 
the aortic root, to detect and assess the degree of 
mitral regurgitation that may coexist with aortic 
insufficiency. 

Furthermore, the high sensitivity of the video- 
densitometer provides the capability of recognizing 


“ even minimal degrees of regurgitation when using in- 


jections of small amounts. The latter, because of 
their small volume, may be repeated many times if it 
is desired to make replicate injections at the same 
injection site or, for diagnostic or investigative pur- 
poses, multiple injections at different sites in the 
cardiovascular system. 
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HISTORICAL MILESTONES _ 


Thomas Jowett on Pericardiocentesis (1827) 


SAUL JARCHO, MD 
New York, New York 


Laennec’s classic treatise on mediate auscultation 
not only introduced the stethoscope and a series. of 
stethoscopic observations but also revived the ne- 
glected 50 year old art of thoracic percussion. Laen- 
nec was a great man, and his book was a great book 
—a medical macroseism—but what therapeutic ben- 
efit did any patient derive from it during the 1820’s 
and 1830’s? 

The first fruits of Laennec’s innovation were that 
the physician was enabled to recognize and locate 
intrathoracic effusions. Previous articles in the pres- 
ent historical series have detailed part of the early 
modern history: of pleural paracentesis, which is as- 
sociated with the name of Henry I. Bowditch among 


others.i:2 I now set before readers of this Journal an’ 


early incident in the development of pericardial para- 
centesis. 
Experienced physicians are well aware that peri- 
carditis is hard to recognize, even in the present era 
of advanced technology. In the 19th century the 
problem was formidable, as we know from such writ- 
, ers as Bouillier? and Limosin.‘* 
Thomas Jowett, author of the observations that 
. are now to be presented, proved difficult to trace in 
works of reference. At length the problem was solved 
through the skill and kindness of J. N. Allen, Deputy 
City Librarian of the city of Nottingham, England. 
Mr. Allen writes as follows: 


. it has been possible to identify Thomas Jowett the 


surgeon with a famous Nottingham botanist. We now 
know that Thomas Jowett was born at Colwick near 
Nottingham in 1801 and practised as a surgeon.in Not- 
tingham. He died in 1832 at Morton, a village in the 
Trent Valley. He contributed to the Nottingham Mer- 


cury a series of articles called “the method of preserving . 


plants for the herbarian....” 

In 1831 he wrote a work entitled The Nottingham 
Dispensary which showed that he was active for its es- 
tablishment but was excluded from the official commit- 
tee, a fact which prompted letters in the Lancet and the 
Nottingham Mercury. 


This study was based on research assisted by the National In- 
stitutes of Health (Grant HL-10948). 

Address for reprints: Sau! Jarcho, MD, 35 E. 85th St., New 
York, N. Y. 10028. 


He also produced the Herbarium Nottinghamiense, 
four volumes of dried specimens collected and mounted. 
These are preserved in the Bromley House Library in 
Nottingham... .* 

Jowett’s report on pericardial paracentesis is cast 
in the form of a letter. It was entitled “Case of Drop- 
sy of the Pericardium, in which the Operation of 
Tapping was performed” and was published in the 
Medico-Chirurgical Review, volume 6, pages 623- 
626, 1827. 


Jowett’s Report 


Nottingham, March 7th, 1827. 


My Dear Sir,—You have probably learnt, from the 
newspaper paragraph, or the Lancet of last week, into 
which it is copied, that I have ventured to perform the op- 
eration of puncturing the pericardium, in a case of effu- 
sion arising from pericarditis. Under the impression that a 
sketch of the case would form an acceptable communica- 
tion for your valuable Journal, I forward the following par- 
ticulars. It may first be necessary for me to premise, that, 
in consequence of several examples of latent pericarditis, 
as well as several instances of adhesion of the pericardium 
to the heart, having fallen under my observation in the 
early part of my pathological researches, my attention had 


= been particularly directed to the detection of that insidi- 


ous and not unfrequent disease. When Collin’s excellent 
little work, “Des diverses Methodes d’Exploration de la 
Poitrine,” appeared, I hoped to have found a valuable 
stethoscopic indication in the “bruit analogue, ou craque- 
ment du cuir neuf,” which he mentions as a probable sign 
of the first stages of pericarditis. The year 1825, however, 
passed without my being able to verify that writer’s state- 
ments in a single instance; and as Laennec has not even 
alluded to the phenomenon in the late edition of his work, 
it may be presumed, at first sight, that the hints which 
Collin threw out have not been substantiated by subse- 
quent observations. 

In the course of last winter, two fatal examples of copi- 
ous effusion into the pericardium, from inflammation, fell 
under my observation, and, from them, I acquired some 
valuable data, as to the extent to which the membrane 
may be distended, and the indications of auscultation and 
percussion; and I also satisfied myself, that where there is 


*Mr. Allen's informative letter Is to be deposited in the Ilbrary 


of the New York Academy of Medicine, together with other cor- 
respondence dealing with Jowett. 
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copious effusion into the pericardium, the bag may be 
punctured anteriorly without danger to the heart, as that 
organ, under such circumstances, is pushed upwards and 
backwards, towards the root of the bronchia. 

Last spring, I met with several cases of acute pericardi- 
tis, denoted by general symptoms, and in which I also ob- 
served, for the first time, a peculiar rustling kind of noise, 
seeming to accompany and to be caused by the auricle’s 
= action, though not exactly synchronous with it; which 
these and subsequent observations lead me to regard as a 
pathognomonic sign of a layer of coagulable lymph effused 
upon the pericardium and heart. This phenomenon is al- 
. ways the most distinct in the superior part of the praecor- 
dial region, the cartilages of the third and fourth ribs being 
the situation where it is generally the strongest: though it 
appears to occur during the action of the auricles, it does not 
accompany it exactly, but seems rather to arise from the 
general action of the organ: it is irregular; varies much in 
degree and character at different times; and sometimes dis- 
appears altogether for intervals of various duration. It ap- 
proaches the, nearest to the rushing notse of diseased 
valves, but an experienced ear readily distinguishes the 
latter by its regular uniform character, and by its dura- 
tion according exactly with the systole of one or both of 
the heart’s cavities, whilst.the former is various and irreg- 
ular—indeed, the term rustling, which I have employed, 
gives a better idea of the noise than any other word. The 
noise of muscular action, respecting which Laennec says 
so much in his second edition, is so obviously different, 
that no accurate ear can be at any loss, after having once 
heard both the phenomena. 

Last June, a case of acute pericarditis came under my 
care, in which the accumulation of fluid interrupted the 
heart’s action so materially, that I expected the issue to 
' prove fatal, unless it were evacuated by the operation. I at 
that time inserted the following observations in my note 
book. 

“June 14th, 8 A.M. I attribute the interruption of the 
heart’s action to the fluid filling the pericardium; and 
from a: careful examination by the stethoscope, percus- 
sion, &c. [ think the pericardium might be cautiously 
punctured with a trocar between the 6th and 7th left car- 
tilages, without wounding the heart, and the fluid be ab- 
stracted. At the same time, I consider that, in the present 
stage of our knowledge the operation would only be - 





2nd. That from facts I have collected, in cases where para- 
centesis thoracis was resorted to, I am satisfied that the 
admission of air occasions the decomposition of the fluid 
left in the cavity, (and it is impossible to remove it entire- 


-ly,) which then becomes putrid and acrid, and excites 


fresh inflammation; and thereby destroys the chance of 
success, if the case be urgent previously. I think the sy- 
ringe-pump, adapted to a trocar; would effectually pre- 
vent the admission of air.” 

I have been thus particular in stating these circum- 
stances, in order to show that I had fully weighed and re- 
solved upon the propriety of the operation, long before I 
had occasion to resort to it. I will only add, before I pro- 
ceed to the case, that the patient whose state elicited the 
above remarks, began to improve the same day, and ulti- 
mately recovered by the use of other remedies. 

On Jan. 12th 1827, I first visited John Skinner’s daugh- 
ter, aged 14 years, who was then labouring under a severe 
attack of acute rheumatism for the fifth time. The general - 
symptoms induced me to suspect that there was pericar- 
ditis likewise, and on examination with the stethoscope, 
the rustling noise was audible about the nipple—there 
was a dull sound on percussion in a large praecordial. 
space—the heart’s action was indistinct, and apparently 
distant. On the 15th, I gave my diagnosis “pericarditis 
with considerable effusion.” 

Under the use of general and local bleedings, blisters, 
antimonial and mercurial medicines, and active purga- 
tives, much relief was obtained; but she was troubled with 
a violent cough, occasioned by severe acute inflammation 
of the bronchia, which greatly aggravated her sufferings. 
On the 25th both the legs were observed to swell much 


when she was got out of bed, and the ankles became 


oedematous. On the 27th, she began to take tartarized an- 
timony in doses of three fourths of a grain every third 
hour, and which she continued until she had taken eigh- 
teen grains, without any vomiting being excited. It pro- 
duced a decided beneficial effect upon the bronchial in- 
flammation. On Feb. Ist, she was “much better—slept 
several hours in the night, and feels much refreshed— 
breathing greatly relieved, and the cough is now quite 
easy compared with what it was. The heart’s action is ` 
strong, forcible, rapid and extensive, and seems rather 
mixed with some roughness of sound. Dry bronchial rat- 
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eration having been consented to, I performed it in the 


following manner, the same afternoon, in the presence of ` 


Dr. Manson the consulting physician, Mr. Robert Jowett, 
my brother and pupil, and the patient’s friends. Having 
made a small incision with a lancet through the integu- 
ments, between the 5th and 6th cartilages, exactly half 
way between the sternal extremity of the 6th rib, and the 
middle of the ensiform cartilage, I thrust a trocar, which 
had its canula guarded, so that it could not penetrate fur- 
ther than one inch, directly through the thoracic parietes; 
as I withdrew the trocar, two or three drops of serum es- 
caped, and before I could adapt the pipe of the syringe 
apparatus to the canula, a little air was sucked through it, 
during the act of inspiration. On attempting to work the 
syringe, no fluid was abstracted; imagining, therefore, 
that I had not punctured the bag, I again introduced the 
trocar, but with no better success. Certain of the correct- 
ness of my diagnosis, I then determined with Dr. Man- 
son’s concurrence to make an other attempt higher up, 
where there could be no possibility of missing the pericar- 
dium, and I accordingly repeated the same process be- 
tween the 4th and 5th cartilages, as near the sternum as 
there was space enough for the instrument to pass. Here 
` the trocar seemed to push something before it which it 
did not appear to penetrate, and although, here likewise, I 
twice introduced the instrument, still no fluid could be 
sucked out by the syringe. 

I left the patient under the impression that I had failed 
in the operation—and my prognosis was “death in the 
course of the night.” Late in the evening, I found her 


quite as bad, but no worse than before. On the following. 


morning there was an evident amendment—The breathing 
was less laborious—she coughed more strongly—pulse 126, 
fullish—the right leg was less swelled, and she had made 
two quarts of urine in the preceding sixteen hours. In the 
course of that day she made 5 or 6 pints more water—the 
oedema of the lower extremities decreased rapidly, and 
the improvement was rapidly progressive in every respect 
except the cough. 

I now perceived, from weighing all these circumstances, 
that the operation had really been performed, so far as re- 
garded the penetration of the pericardium by the trocar, 


but in consequence of the canula having been introduced 


but a little way, it either had never entered the bag, or 
else had entered so short a distance as to slip out again 
immediately on the withdrawal of the trocar. Acting on 


this view, I renewed every exertion, and the improvement 


from that time, for eight succeeding days, was such as to 
warrant great expectations of ultimate success. Weakness 
was the most threatening circumstance, and that was at- 
tempted to be obviated by tonics, wine, and mild nutri- 
tious food. 

On the 20th Feb. the sound on percussion was dull, only 
in a moderate sized praecordial space, and the heart (ex- 
amined by the stethoscope) had returned to its natural 


situation. Feb. 22, she felt better—‘‘not so low nor go ` 


faint—rested well in the night—appetite improving— 
tongue clean—pulse quick—ankles a little swelled.” She 
partook more freely of food. The next day, (Feb. 23,) 
being the tenth from the performance of the operation, 
my report ran thus, “has had much pain and soreness 
under the right ribs since last night, and has, twice, this 
morning vomited green slimy fluid—bowels rather costive. 
Hepatitis?” She sunk exhausted in the course of the after- 
noon, 

At my earnest request, seconded by that of Dr. ances 
whose kindness on this and other occasions calls for my 


' JOWETT ON PERICARDIOCENTESIS—JARCHO 


warmest acknowledgments, the. friends permitted an ex- 
amination of the body to be made, at which Mr. T. R. Tath- 
am also, assisted. The exact situations of the punctures 
were found to be as before described. The diaphragm was 
drawn very high up into the thorax, so that if a pointed 
instrument had then been introduced perpendicularly at 
the place of the lowest operation, it would have been 
punctured. The pericardium adhered externally to the an- 
terior part of the left thoracic parietes, through the medi- 
um of a layer of firmish recent lymph; and internally it 
was found everywhere adherent to the surface of the heart 
and large vessels, by means of a similar layer of lymph, 
which varied much in quantity in different places, being 
in some parts from one-eighth to one-fourth of an inch 
thick. The adhesion was moderately firm, and the lymph 


-of a reddish colour. As the cavity of the pericardium was 


destroyed by this state of things, there was of course no 
fluid remaining in it. The pericardium proved to have 
been perforated at both the points of operation, and there 
were two holes at each place, so that every time the trocar 
was introduced, it had penetrated the bag. On-the surface 
of the right ventricle, opposite the upper or last made 
puncture, there were two dark spots, which, on examina- 
tion, proved to be drops of coagulated blood enveloped in 
the layers of lymph, and which had doubtless come from 
the wounds of the pericardium, as the surface of the heart 
was untouched. Both the ventricles and auricles were of 
the natural size. The muscular structure of the heart was 
rather flabby, and paler than natural. The edge of the 
mitral valve, on its auricular surface, was beset with a 
small ridge of semi-cartilaginous lymph, evidently of re- 
cent deposition, although firm and hard. 

To this long account I may add, that I have since tried 
the experiment of puncturing the free portion of the peri- 


cardium on the dead body, and I have found, that the 


point of the trocar readily penetrates the sac; but as soon 
as the edge of the canula (which of course is always rather 
larger than the instrument it contains) comes in contact 
with it, it pushes the pericardium before it, and does not 
enter it, unless it be introduced to a considerable depth. 
This explains the supposed failure of the operation in the 
first instance. 

I conclude by observing, that the following propositions 
appear to me fair practical deductions from the case:— 

lst, That the operation of tapping the pericardium may 
be performed without injuring the heart, or endangering 


the life of the patient. 


2nd, That the operation affords a probable chance ot sav- 
ing life, when all other means have failed. 
3rd, That it is proper and justifiable under urgent cir- 
cumstances. 
Believe me, Dear Sir, 
Your most obliged servant, 
THOMAS JOWETT. 


Comment on Jowett’s Letter 


Work in the dissecting room had directed Jowett’s 
attention to the difficulty of detecting pericarditis 
intra vitam. Collin’s. new book® and Collin’s new 
sign—the friction sound that is comparable to the 
creaking of new leather—had proved unhelpful; the 
ample second edition of Laennec’s work,® just pub- 
lished, likewise had not solved the problem. 

In the autopsy room Jowett had noticed that the 
pericardial sac might be greatly distended and that 
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when fluid was abundant the heart was pushed 
backward and upward. At the bedside he noticed a 
new sign, “a peculiar rustling kind of noise,” which 
apparently accompanied the action of the atria. His 
judgment of the timing was based on an error of 
Laennec, who thought, that the first of the 2 heart 


sounds was caused by the atria. Jowett correctly at- 


tributed the adventitious rustling to “a layer of 
coagulable lymph’’—i.e., fibrin—‘‘effused upon the 
pericardium and heart.” He observed that this sound 
was variable in intensity and character; that it might 
disappear from time to time; and that it was dis- 
tinguishable both from the “rushing noise” of dis- 
eased valves and from the normal heart sounds. 7 

In June 1826, while treating a patient who had 
acute pericarditis, Jowett recorded in his notebook 
that paracentesis might be feasible. He withheld his 
hand, and the patient recovered. In January 1827 he 
took care of a 14 year old girl in whom he recognized 
pericarditis, incident to a fifth attack of rheumatic 
fever. Puncture performed with a trocar yielded only 
2 or 3 drops of fluid. During a second puncture the 
trocar “seemed to push something before it which it 


did not appear to penetrate,” and no fluid was ob- 
tained. After the operation the patient enjoyed brief 
improvement but a few days later she died. At au- 
topsy the thickened pericardium was found to be al- 
most totally adherent; 2 perforations were seen in it. 
Jowett concluded that the operation could be per- 
formed safely and that it was indicated in desperate 
cases. : 

His brief note shows that he had had ample or at 
least adequate experience in morbid anatomy. It is 
obvious that he applied his anatomic experience to 
his clinical practice. Obviously he read the latest 
French treatises. Can these things be said of our col- 
leagues and compatriots today? In reporting his 
cases Jowett regularly mentions auscultation before 
percussion. This suggests that physicians in that era 
listened before they pounded. Perhaps the discov- 
eries of Laennec were more impressive than that of 
Auenbrugger. 

Jowett’s brief and unpretentious letter exemplifies 
the early spread of French influence, a force that was 
to dominate the medical world during the next few 
decades. 
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A case is presented of complete atrioventricular (A-V) block occur- 
ring after a 50 mg bolus infection of lidocaine. Base-line studies be- 
fore administration of lidocaine showed evidence of trifascicular 
block manifested by complete right bundle branch block, left anterior 
hemiblock and a markedly prolonged H-V interval. Advanced A-V 
block and then complete A-V block distal to the His bundle devel 
oped after administration of lidocaine. Lidocaine should be used with 
caution in patients with trifasclcular disease; if it is administered to 
such patients, Insertion of a temporary pacemaker catheter should 
be considered. _ 


Lidocaine has been proved to have value in the therapy of various 
ventricular arrhythmias.13 It is commonly used when these arrhyth- 
mias follow acute myocardial infarction4-* and is recommended by 
some® for routine prophylactic use in the coronary care unit. 
Significant complications of lidocaine therapy are unusual, and 
most involve the central nervous system.? Atrioventricular (A-V) 
block has been noted in 2 patients,+ but in each case the role of lido- 
caine was questionable. This report describes a patient with incom- 
plete bilateral bundle branch block who received intravenously a 50 
mg bolus injection of lidocaine that led to transient advanced A-V 


block. The site of the block defined by His bundle studies was distal 
to the His bundle potential. 


Case Report 


An 83 year old white man presented to the emergency room with com- 
plaints of frequent episodes of palpitations and generalized weakness of 1 
week’s duration. There was no history of chest pain, shortness of breath or 
syncope. A diagnosis of essential hypertension had been made 18 months 
earlier, after which the patient was treated with furosemide, 40 mg orally/ 
day supplemented with orally administered potassium. 

At the time of admission, the patient was in no acute distress. The pulse 
was 68/min with premature systoles, and blood pressure in both arms was 
140/90 mm Hg. There was no venous distention at 45°, and the carotid and 
all peripheral arterial pulses were palpable. The lungs were clear to percus- 
sion and auscultation. The point of maximal cardiac impulse was-in the 
fifth left intercostal space at the midclavicular line. There was a grade 1/6 
mid-systolic murmur best heard at the apex. The chest roentgenogram 
showed borderline cardiomegaly. Results of complete blood count and 
serum electrolyte determinations were within normal limits. Electrocardio- 
gram (Fig. 1) showed sinus rhythm with a P-R interval of 0.20 second and a 
QRS duration of 0.16 second. The QRS configuration was consistent with 
old anteroseptal myocardial infarction and incomplete bundle branch block 
manifested by left anterior hemiblock and complete right bundle branch 
block. 
= Shortly after the admission EEE ME M was taken, multiple ven- 
tricular premature systoles were noted. The patient received a 50 mg intra- 
venous bolus injection of lidocaine, and within 12 seconds sinus arrhythmia 
developed followed by advanced A-V block which progressed to complete 
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FIGURE 1. Admission dee ae. 


A-V block. There was a spontaneous return to sinus bra- 
dycardia (rate 55/min) within 20 seconds (Fig. 2). The 
patient experienced only transient dizziness during this 
episode. Because of continued ventricular premature sys- 
toles in addition to evidence of A~V block, a temporary 
electrode pacemaker catheter was inserted and His bundle 
electrograms were recorded. Repeat electrocardiograms 
and laboratory studies provided no evidence of myocardial 
damage or hepatic or renal dysfunction. 


His bundle studies: His bundle recordings were per- 


formed according to the method of Scherlag et al.? after 
informed patient consent was obtained. A no. 6 bipolar 
electrode catheter was passed percutaneously by way of 
the right femoral vein under constant fluoroscopic control 
and was advanced until the tip was positioned across the 
tricuspid valve. A pacemaker was left on standby for 
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emergency use after right ventricular pacing was per- 
formed as a test. His bundle electrograms were recorded 
in a frequency range of 40 to 500 Hz and at paper speeds 


of 75 and 150 mm/sec. A no. 4 semifloating bipolar elec- 


trode catheter was passed percutaneously by way of the 
right subclavian vein and positioned under fluoroscopic 
control against the lateral wall of the right atrium for atri- 
al pacing. Leads I and V; of the conventional electrocar- 
diogram were recorded simultaneously with the His bun- 
dle electrogram (Fig. 3). The A-H interval was within: 
normal limits (90 msec), but the H-V interval was mark- 
edly prolonged to 100 msec (normal 35 to 55 msec). The 
rate of atrial pacing was gradually increased from 90 to 
130/min. With atrial pacing at a rate of 130/min, the A-H 

interval increased from 90 to 120 msec and second degree 
A-V block below the bundle of His was noted (Fig. 4). 

The H-V interval in the conducted beats remained con- 
stant at 100 msec. A-V block disappeared promptly when 
atrial pacing was discontinued. His bundle pacing was at- 


` tempted but was unsuccessful. 


The effects of lidocaine were evaluated under these con- 
trolled conditions since it was apparent that, because of 
persistent ventricular irritability, administration of lido- 
caine or a similar drug would be necessary to control the 
ventricular arrhythmia. Intravenous injection of a 50 mg 
bolus of lidocaine was followed after 70 seconds by the ap- 
pearance of 2:1 second degree A-V block which was ob- 
served to be distal to the His bundle potential (Fig. 5). 
The block progressed to transient complete heart block 
with an idioventricular rate of 30/min (Fig. 6) lasting 18 
seconds with spontaneous reversion to normal conduction. 


Discussion 


One of the main reasons for the widespread use of 
lidocaine is evidence that it has insignificant effects 
on myocardial contraction and cardiac conduction. 
Grossman et al.? found no clinically significant 
hemodynamic change in 60 patients given lidocaine 
intravenously as a bolus injection of 1.5 mg/kg body 
weight or constant infusion at 1 to 3.5 mg/min. ‘Har- 
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FIGURE 2. Continuous recording showing 
path | item | ta sinus arrhythmia and advanced A-V block 
after bolus injection of Hdocalne. There Is a 
spontaneous return to normal conductlon fol- 
lowing a short episode of slow ventricular 
tachycardia (last 2 strips). - 
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FIGURE 3. His bundle electrogram (HBE) 
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FIGURE 4. His bundle ieee corer recorded” 
during atrial pacing at a rate of 130/min.;,: 
The A~H interval has increased to:120 msec.:. 
Second degree . (2:1) A-V block distal to” 
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FIGURE 5. His bundle electrogram showing” “LEAD V,~ | 
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FIGURE 6. His bundle electrogram - 
showlng complete A-V block distal. 
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rison et al.8 studied 12 patients with rheumatic and 
congenital ‘heart disease during surgery. They 
showed that 1.to 2 mg/kg of lidocaine produced no 
significant decrease in right ventricular contractile 
force. Schumacher et al.® evaluated left ventricular 
function in patients with heart disease given 50 and 
100 mg bolus injections of lidocaine. Although there 
was no statistically significant change, individual 
patients receiving a dose of 100 mg did have tran- 
sient depression of left ventricular function. This re- 
sponse was variable and was not influenced by the 
type of heart disease or its severity. 

Rosen et al.1° evaluated the effect of lidocaine on 
A-V and intraventricular conduction in 10 patients 
with heart disease and arrhythmia. Conduction was 
evaluated by His bundle electrograms after the ad- 
ministration of 50 to 150 mg-of lidocaine intrave- 
nously. They fourld no significant depressant effect 
on A-V conduction and even noted slight improve- 
ment in 4 patients. There was only minimal delay-in 
intraventricular conduction as shown by an increase 
of 8 to 18 msec in the H-S interval (His to terminal 
deflection of QRS complex) in 4 patients. Although 
these patients apparently had significant cardiac dis- 
ease, none had evidence of bifascicular block. Stud- 
ies in dogs? have shown evidence of prolonged A-V 
conduction with the site of delay thought to be the 
A-V node. These changes were produced with large 
doses of lidocaine. The effect on intraventricular 
conduction with doses within the therapeutic range 
was thought to be minimal. 

- Manifestations of lidocaine toxicity include drows- 
iness, confusion, paresthesia and isolated muscle 
twitching.?:42 The occurrence of toxicity may be re- 
lated to the dose level,+ hepatic function}? and cardi- 
ac function.14 Most of the drug is metabolized in the 
liver by amide-splitting enzymes to release free and 
conjugated phenols which are then excreted in the 
urine. Less than 10 percent is excreted unaltered by 
the kidney.12 Congestive heart failure may decrease 
the metabolism of lidocaine by both a decrease in 


hepatic blood flow and impairment of hepatic func-. 


tion by venous congestion. In congestive heart fail- 
ure, blood flow to the brain and heart may be in- 
creased which may increase the toxic manifestations 
of these vital organs. Our patient had no evidence of 
congestive heart failure or hepatic dysfunction when 
the conduction delay secondary to lidocaine oc- 
curred. 

Heart block due to lidocaine: A-V block caused 
by lidocaine therapy is rare. Two cases were reported 
by Gianelly et al. One patient had sustained an in- 


ferior wall. myocardial infarction and continued to 
have heart block for several days after termination of 
lidocaine therapy. The second patient had intermit- 
tent second degree A-V block, and complete heart 
block occurred after a 100 mig intravenously adminis- 
tered bolus injection of lidocaine. The rhythm re- 
turned to second degree A-V block within 15 min- 
utes. 

Our patient had evidence of incomplete bilateral 
bundle branch block before lidocaine therapy. Re- 
ports15 have shown that patients with this conduc- 
tion abnormality have an increased incidence of ad- 
vanced A-V block. Patients such as ours with signifi- 
cant delay in the remaining conduction pathway, as 
shown by marked H-V prolongation, are at an even 
higher risk of A-V block.16:17 The minimal delay in 
intraventricular conduction caused by therapeutic 
doses of lidocaine may be sufficient to interrupt con- 
duction completely when a significant delay already 
exists. The mechanism may be a direct effect of the 
drug on the conduction system or possibly an indi- 
rect result of decreased myocardial function and coro- 
nary perfusion. 

Our patient showed sinus arrhythmia and brady- 
cardia immediately after administration of lidocaine. 
Although the mechanism is not clear, sinus arrest 
secondary to lidocaine administration has been re- 
ported in man,18 and slowing of the sinus rate has 
been produced experimentally in the dog.?2 

In this patient there was an increased likelihood 
that advanced A-V block would develop because of 
evidence of trifascicular disease. In fact, atrial pacing 
produced second degree A-V block below the bundle 
of His in the absence of lidocaine therapy. However, 
the transient occurrence of complete heart block on 2 
occasions within seconds of lidocaine infusion clearly 
indicated a cause and effect relation. The incidence 
of this occurrence in patients with trifascicular dis- 
ease is unknown and requires further investigation. 

We conclude that advanced A-V block may occur 
secondary to usual therapeutic doses of lidocaine in 
patients with diffuse intraventricular conduction dis- 
turbances. Lidocaine should be used with caution in 
these patients, and insertion of a prophylactic tem- 
porary pacemaker catheter should be considered. In 
our patient this procedure was performed before the 
administration of lidocaine was repeated for study 
purposes. a 
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In the decade and a half since the pump oxygenator 
was first used successfully in human heart surgery, 
many advances have been made, and the risks of 
such surgery have been reduced significantly. Sev- 
eral of the complications of open heart surgery have 
been primarily hematologic in nature and have pro- 
vided the hematologist with fertile areas for study, 
both at the bedside and in the laboratory. The man- 
ifestations, pathogenesis and treatment of certain 
‘selected hematologic complications will be reviewed 
here. l 


Hemolysis 


Hemolysis occurring as a complication of cardiac 
surgery can be divided into 2 broad categories. The 
first type is related to excessive mechanical trauma 
to erythrocytes during or after surgery, whereas the 
second type results from an autoimmune reaction. 
“Mechanical” or traumatic hemolysis is by far the 
more common and more serious of these problems. It 
is usually characterized by anemia, reticulocytosis, 
hemoglobinemia, hemoglobinuria, hemosiderinuria 
and decreased serum haptoglobin. The hallmark of 
this hemolytic process is the presence of fragmented 
red cells in the peripheral blood. Characteristically, 
the Coomb’s test is negative. 

Evidence of significant mechanical hemolysis may 
appear during or shortly after surgery. It is charac- 
terized by a decrease in hemoglobin and gross hemo- 
globinemia and hemoglobinuria. In the absence of 
mismatched blood, which may rarely complicate any 
type of surgery, such hemolysis has been associated 
with damaged plastic tubing in the bypass equip- 
ment and with excessive trauma to erythrocytes in 
the coronary perfusion system.! As a rule, this prob- 
lem is self-limited and does not require specific ther- 
apy. 
-~ Mechanical hemolysis after prosthetic valve re- 
placement was first observed with the use of the 
Hufnagel ball valve prosthesis in 1954.2 Subsequent- 
ly, it has been associated with the use of the popular 
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Starr-Edwards ball valve prosthesis, and with a vari- 
ety of other types of prosthetic valves.3§ Teflon? 
patch repair, of ostium primum type interatrial sep- 
tal defects has also led to this type of hemolytic ane- 
mia.?8 The pathogenesis of this hemolytic process is 
of both theoretical and practical clinical interest. It 
was assumed initially that the red cell damage re- 
sulted from the mechanical trauma of ball valve ac- 
tion on the red cells. Subsequently, there has been 
increasing evidence that the mechanism of red cell 
damage and destruction is more complicated and is 
more directly related to hemodynamic distur- 
bances.3:1° In vitro and in vivo studies indicate that 
turbulent blood flow and shearing stress resulting 
from rapidly changing velocity and pressure are the 
most important causes of traumatic mechanical 
damage.%-19.11 Thus, these factors, and the interaction 
of red cells with the valve materials and with fibrin 
deposits around the valve, are all probably involved 
to some degree. . . 

There is a marked difference between the frequen- 
cy of hemolytic anemia after prosthetic aortic valve 
replacement and that after mitral valve replacement. 
In most instances of significant hemolysis there is ev- 
idence of a malfunctioning aortic or mitral valve 
prosthesis, usually with significant regurgitation. 
Any increase in stroke volume and cardiac output 
that may occur with exercise or with increasing de- 
grees of anemia may also lead to an increased rate of 
hemolysis. Red cell survival after prosthetic valve re- » 
placement has been the subject of several reports. In 
1 study, all patients with a Starr-Edwards aortic 
valve prosthesis were found to have shortened red 
cell life spans.12 Those with competent valves had no 
anemia but had compensated hemolytic states. Pa- 
tients with clinically evident aortic regurgitation had 
the shortest red cell survival times, and all patients 
with clinically evident hemolytic anemia had obvious 
regurgitation. 

Several investigators have stressed the. degree of | 
urinary iron loss that can occur from continued 
intravascular hemolysis.5:13:14 The’ resulting hemo- 
globinuria and hemosiderinuria may cause the devel- 


_ opment of chronic iron deficiency and superimposed 


iron deficiency anemia.13:14 The presence of such a 
t3 . » . . » 
superimposed iron deficiency anemia may further in- 
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crease cardiac output and can aggravate the degree . 


of intravascular hemolysis, thus setting up a vicious 
cycle. Appropriate diagnostic and therapeutic mea- 


sures must be taken to prevent the development of. 


iron deficiency in these patients. With correction of 
the iron deficiency, we have observed significant 
rises in hemoglobin concentration in many such pa- 
tients, with conversion of a severe anemia to a com- 
pensated hemolytic state. Similarly, correction of 
the anemia with appropriate transfusion therapy 
may, by decreasing cardiac output, reduce hemolysis 
and allow the hemoglobin concentration to stabilize 
at a higher level. Corticosteroid therapy has had no 
significant effect on this type of hemolytic process. 
Most patients with severe hemolysis will require re- 
placement of the malfunctioning prosthesis with a 
properly functioning valve. 

= Severe hemolysis has not been a problem in pa- 
tients who have received heterograft or homograft 
valves.1517 With a properly functioning heterograft 
or homograft, no hemolysis is usually detectable. 
Even with aortic regurgitation, hemolysis may be 


nondetectable or subclinical. These observations ` 
lend further support to the concept of mechanical or | 
traumatic red cell damage caused by hemodynamic 


turbulence. When functioning properly, these valves 
produce little turbulence. Even with valvular insuffi- 
ciency, their central flow characteristics result in less 
turbulence than occurs with an insufficient ball 
valve prosthesis. l 

Hemolysis of autoimmune type with a positive 
antiglobulin test has also been reported after valve 
replacement.18 This type of hemolysis is much less 
common, is generally transient and mild in nature 


and usually disappears spontaneously or after treat-. 


ment with corticosteroids. The cause of this hemo- 
lytic syndrome is unknown. It has been suggested 
that mild degrees of mechanical damage may alter 
surface antigens, resulting in antibody formation di- 
rected against such modified antigens. Several such 
cases of Coomb’s positive hemolytic anemia have oc- 
curred in association with the febrile, postperfusion 
syndrome, suggesting a possible viral cause. 


Postperfusion Syndrome 


The postperfusion syndrome is a benign, febrile ill- 
ness that may occur several weeks to several months 
after cardiopulmonary bypass.1% 2 It is character- 
ized by fever, splenomegaly, hepatomegaly and the 
presence of atypical lymphocytes in the peripheral 
blood. Rarely, lymphadenopathy and skin rashes 
have been reported. The illness is self-limited, usual- 
ly resolving within a few weeks, but may in rare in- 
stances last considerably longer. Treatment should 
be symptomatic except in those patients with signifi- 
cant hemolytic anemia, in whom corticosteroids may 
be expected to be helpful. Cytomegalovirus has been 
established as the cause of this disorder on the basis 
of serologic studies and the isolation of the virus 
from affected patients.22-25 Existing evidence suggests 
that the virus is transmitted by way of transfused 
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blood.?* Reactivation of a preexisting, latent infection 
may be responsible in other cases.22:24:25 

This condition must be differentiated from sub- 
acute bacterial endocarditis, infectious mononucle- 
osis, toxoplasmosis and serum hepatitis. Typically, 
blood cultures are negative as are the other clinical 
signs of endocarditis. Results of specific serologic 
tests for mononucleosis and toxoplasmosis are also 
negative. Hepatic dysfunction is frequently observed 
in this syndrome, and differential diagnosis from 
serum hepatitis may be difficult before the results of 
specific serologic tests (cytomegalovirus comple- 
ment-fixing antibody, Australia antigen) are known. 

Lymphocytosis with significant numbers of so- 
called atypical lymphocytes and a normochromic, 
normocytic anemia with variable degrees of reticulo- 
cytosis are characteristic hematologic findings. The 
peripheral blood smear may be indistinguishable 
from that seen in infectious mononucleosis. The 
mechanism of anemia in these patients is not com- 
pletely understood. Hemolysis is probably related to 
autoimmune mechanisms, at least in those patients 
with positive direct Coomb’s test or significant cold 
agglutinin titers.18-22 Other immunologic abnormali- 
ties are also encountered frequently. Rheumatoid 
factor, antinuclear antibodies and cryoglobulins have 
all been described.2® Similar immunologic aberra- 
tions are not observed in patients without evidence 


of cytomegalovirus infection who have undergone 


cardiopulmonary bypass.. 


Hemorrhage 


Probably the most serious of all hematologic: com- 
plications of open heart surgery is hemorrhage. It is 
imperative that all patients be completely evaluated 
preoperatively to be sure that their coagulation 


,mechanism is intact. A thorough history is of the ut- 


most importance. Although the condition of the 
great majority of patients with no history of bleeding 
is indeed normal, we have encountered a variety of 
problems before surgery through routine coagulation 
screening. Uncovered abnormalities have included 
mud forms of hemophilia, Von Willebrand’s disease, 
quantitative and qualitative platelet abnormalities; 
prolonged bleeding times and various other plasma 
deficiencies. Some cases of prolonged bleeding time 
may be due to salicylate ingestion and will revert to. 
normal after cessation of this drug.27 However, in 
other patients, no discernible cause has been found 


. for an abnormal bleeding time. Corticosteroids or 


plasma may correct the bleeding time in these cases. 
The most common deficiency states we have en- 
countered concern the vitamin K-dependent factors. 
This problem is usually related to altered liver func- 
tion secondary to chronic congestive heart failure. 
Many factors contribute to the development of a 
hemorrhagic. state during cardiac surgery.?8-30 Plate- 
lets are disrupted and red cells destroyed with the 
resultant release of thromboplastin. In addition, tis- 
sue trauma and the reuse of extravasated blood lead 
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to the release of tissue thromboplastin as well as fibri- 
nolytic activators. The contact of the blood with for- 
eign surfaces in the heart-lung machine may add to 
this difficulty. As a result, there is an increased po- 
tential for the development of defibrination and ex- 
cessive fibrinolysis. Deficiencies of various factors 

(particularly platelets and factors V and VIII) may 
` occur because of the dilution of the patient’s blood 
with priming blood deficient in- these factors. In ad- 
dition, the mechanical destruction of platelets and 
clotting factors by the oxygenator and pump helps 
contribute to these same deficiencies. Our experi- 
ence, in contrast to that of some others, indicates 
that the length of bypass time does contribute signif- 
icantly to bleeding problems postoperatively. Inade- 
quate heparin neutralization may also lead to hem- 
orrhage postoperatively. Of course, inadequate surgi- 
cal hemostasis must also be considered, especially if 
bleeding is limited to the chest cavity. 

‘The use of frozen blood for open heart surgery 
promises some major advantages. These include the 


virtual elimination of hepatitis and greater availabil- | 


ity of rarer blood groups. However, several important 
problems have been encountered with the use of fro- 
zen blood. We have observed significant hemolysis 
with gross hemoglobinemia and. hemoglobinuria. In 


addition, there is a marked increase in the degree of . 


disseminated intravascular coagulation and fibrinol- 
ysis with much more significant bleeding problems in 
these patients. These problems have caused us to 
discontinue the use of frozen blood for open heart 
surgery at this time. 

The hemorrhagic diathesis often associated with 
cyanotic congenital heart disease has been of partic- 
ular interest and concern.31!:82 Patients with these le- 
sions have expanded blood volumes and may have 
thrombocytopenia, impaired clot retraction with ex- 
cess untrapped red cells, decreased blood fibrinogen 


and a tendency to have soft, friable clots. The use of ` 


preoperative phlebotomy to reduce the blood volume 


toward normal appears to be of some benefit, but is 
not without hazard.3? 

Therapy for these types of coagulopathy should be 
directed at the replacement of the factors demon- 
strated to be deficient. The mainstay of this treat- 
ment involves the use of various combinations of 
fresh frozen plasma, platelet concentrates, fresh 
whole blood, fibrinogen and plasma concentrates. 
The use of heparin for disseminated intravascular 
coagulation or epsilon aminocaproic acid for exces- 
sive fibrinolysis is probably not indicated in the ma- 
jority of instances because of the self-limited nature 
of these problems. Corticosteroids have been used ` 
successfully in some patients with ill-defined bleed- 
ing problems in which no specific deficiencies are 
found. 33 

Hepatitis 

Hepatitis is always a risk when blood or blood 
products are administered. This risk is magnified 
in open heart surgery because of the greater use of 
these substances. The incidence of hepatitis varies 
considerably. In 1 series, serial blood studies were 
obtained in 50 patients before and after cardiac sur- 
gery.34 A 2 percent incidence of icteric hepatitis and 
an 8 percent incidence of anicteric hepatitis were ob- 
served. In another series comprising almost 5,000 
cardiovascular cases at 14 university medical cen- 
ters, an average of 7.7 units of blood were used per 
patient.35 There was a 2.8 percent incidence of hepa- 
titis and a 0.1 percent incidence of death resulting 
from hepatitis. Patients who received fibrinogen in 
addition to blood had a 19 percent incidence of hep- 
atitis and a 4 percent death rate from hepatitis. In- 
jections of immune serum globulin (gamma globulin) 
did not appear to alter this incidence. 

In summary, many advances have been made in 
the field of cardiovascular surgery. This is also true 
of the various hematologic complications, but more 
has to be done primarily in the prevention and control 
of hemorrhage. 
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it makes the most of 
every vital second... 


the Roche portable heart station 


The Roche DC defibrillator/monitor is human engineered 
for instantaneous response anes cardiac ‘emer- 
gencies occur. 


Defibrillator, battery, charger, amplifier, synchronizer, scope and 
electrodes are always ready to go, anywhere, in one compact, 
lightweight package. Battery power allows up to four hours of 
monitoring without recharging. Monitoring time is unlimited when 
plugged into an AC source. System test and battery charge test 


Application Is fast and easy, with or without line eo 2 ; 
current. For faster, safer operation by all authorized ——. heats 
users, controls are clearly labeled... simply and 5" 
functionally positioned. Instructions can't be mislald | 
, because they're printed 
on the case. Following 
monitoring or synchro- 
nized defibrillation 
(cardioversion), all controls are reset 
automatically to base position when 
unit Is turned off. This insures that the 
Roche portable heart station Is always 





These and many other features in the Roche portable 
heart station permit rapid ae effective (CS PONSe to 
cardiac emergencies. 


In this and other medical electroriic systems, Roche pro- 
vides the kind of quality control that established our 
name tn medicine. The Roche portable heart station is 
backed by the assurance of Roche service on 24-hour 
notice, 7 days a week, anywhere in the country. 


Write now for literature which fully describes the many 
advantages of this system. 
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The ECG waveform can be read directly off 
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lated with .. . and monitored through, the 
paddles. There's no need to change elec- 
trodes. Separate patient cable, adapter and 
pre-jelied, circular disc, disposable elec- 
trodes are also supplied. For synchronized 
defibrillation (cardioversion), the synchronizer 
pulse can be fed back to the monitoring sys- 


tem, providing patch capability to a strip - 


chart recorder. DC defibrillator provides con- 
trolled variable output. For safety, the patient 
is isolated from AC line power even if the 
charger is plugged in. - 
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~ The new MDi- 100 gives you high rate atrial 
‘and fixed rate ventricular pacing In one | 
unit. Most flexible external pacer evar 
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in medical data systems. 
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Now available under one cover— | 


New Clinical Knowledge in the Mechanism, 
Recognition and Therapy of Arrhythmias 


symposium on 


ELECTROPHYSIOLOGIC CORRELATES 
OF CLINICAL ARRHYTHMIAS 


Guest Editor: Charles Fisch, MD, FACC, Indiana University Medical Center 


Contributions by prominent specialists from universities and medical centers across 
the country. 


Presents examples ar arrhythmias with mechanisms that hae been deduced by anal- 
ysis of clinical tracings and are being confirmed by electrophysiologic studies. 


Originally published in the September, October and November 1971 issues of 
THE AMERICAN JOURNAL OF CARDIOLOGY—a $15.00 value—now available to you 
under one cover for only $8.00. 


Papers include: Automaticity and Automatic Rhythms... The 
Concepts of Reentrant Activity Responsible for Ectopic _ 
‘Rhythms... Atrial Fibrillation . . . Ventricular Fibrillation... 
Atrioventricular Block . . . Aberrancy: Electrophysiologic 
Aspects... Exit Block ... Concealed Conduction ... Specialized 
Tissues and Preferential Conduction in the Atria of the 

Heart . . . Contribution of His Bundle Recordings to the Under- 
sanding of Clinical Arrhythmias . . . Wolff-Parkinson-White 
Syndrome. A New Look... Artificial Pacing of the Human 
Heart. . Its Contribution to the Understanding of 

Arrhythmias . . . The Electrophysiologic Effects of Anti- 
arrhythmic Drugs .. . The Postextrasystolic T Wave Change. 


14 Papers 144 Pages Price $8. 
To order fill out the coupon below and mail. i 








APENI E AET ee ---—- 
THE AMERICAN JOURNAL OF CARDIOLOGY 
666 Fifth Avenue, New York, N.Y. 10019 
Please send ‘copy(ies) of the Symposium on Electrophysiologic 
Correlates of Clinical Arrhythmias at $8.00 each.* Payment of $ 
enclosed. (in order to maintain the low price of this item we must 
require payment with your order. 
Name 
Address 
City State ZIP 
A Publication of the Yorke Medical Group « Dun » Donnelley Publishing Corp. 
“ For delivery In New York State add State sales tax. In New York City 7%. 
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The MEDI-TEK Cardiac Analyzer 
is an unprecedented innovation in 
cardiac care products. Existing _ 
cardiac monitoring products are 
technically limited to detecting 
ventricular arrhythmias. The MEDI- 
TEK Cardiac Analyzer is uniquely 
designed to detect and analyze 
ALL arrhythmias and conduction 
defects. Sinus Bradycardia. Sinus 
Tachycardia. Atrial Dysrhythmias. 
Junctional Rhythms. A-V Heart 
Block. Ventricular Dysrhythmia. 
And just as important, the MEDI- 
TEK Cardiac Analyzer can be used 
. in the home or in the hospital. In 
fact, just about anywhere. 


How does it work? 

The MEDI-TEK Cardiac Analyzer 
measures the R-R, P-P and P-R 
intervals and the QRS duration of 
the ECG. When the cardiac interval 
exceeds programmed limits, an 
audible signal is triggered and 


MEDI-TEK’s illuminated display 
panel indicates which measurements 
have been exceeded. The deviant 
cardiac e is then held in an 
ELECTRONIC MEMORY BANK 
until a print-out of the data is 
obtained. The equipment is also 
capable of transmitting the 
arrhythmia data by phone. 


There’s a MEDI-TEK Cardiac 
Analyzer model for all circum- _ 
stances of patient care: 


MEDI-TEK Cardiac Event Recorder: 


(Model 100 CER) For Holter 
ostic procedures. Detects and 
yzes transitory arrhythmias. 
Eliminates costly scanning. 


MEDETEK Patient Portable Cardiac 


Analyzer: 

(Model 200 PP) Miniaturized for 
ambulatory patients with telephone 
coupling capability. 


-MEDI-TEK Hospital Stand-alone 


Cardiac Analyzer: 
(Model 300 0 HS) For the individual 
bed. Hard-wired or telemetry. 


MEDI-TEK Hospital Console Cardiac 
Analyzer: | 

(Model 400 HC) For the CCU/ 
ICU—hard-wired or telemetry. 


All MEDI-TEK models are 
completely automatic (eliminating 
the need for constant medical 
supervision) and manufactured in 
accordance with the highest 
standards of reliability and accuracy. 


Questions? Write or phone: 


Samia TECHNOLOGY CORP. 





Mi »; Lees Avenue 


Collingswood, N.J. 08108 
(609) 858-8811 
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LETTERS TO THE EDITOR 





RAPID ATRIAL PACING IN CONVERSION OF ATRIAL 
FLUTTER 


I read with interest the recent article by Rosen and asso- 
clates in the Journal.! Their failure to convert atrial flut- 
ter by rapid atrial pacing in any of their 15 patients was 
puzzling and unexplainable. However, their conclusion 
that “rapid atrial pacing has little place in the manage- 
ment of atrial flutter’ is provocative and seems. to be 
hardly warranted. 


The article by Rosen and associates was submitted be- 


fore my review article on atrial pacing was published, 2 al- 
though my experience with rapid atrial pacing in conver- 
sion of atrial flutter appeared earlier in abstract form.3 
My experience with rapid atrial pacing in 10 patients with 
atrial flutter restored sinus rhythm in 7 and changed atri- 
al flutter to atrial fibrillation with slowing of ventricular 
rate in the remaining 3. This rate of success is comparable 
to that of other reported series.4-8 Therefore, although the 
series by Rosen and associates is the largest single one re- 
ported yet—15 cases—the composite experience of my 
studies,2-3 and those of Haft,* Lister, Hunt,® Zeft,’ and 
Gulotta® and their co-workers comprise 35 patients with 
atrial flutter, 29 of whom underwent successful conver- 
sion to normal sinus rhythm by rapid atrial pacing. 
Although comparison of the poor results by Rosen et al. 
with the excellent results obtained by others remains 
unexplained, the conclusion reached by the former hardly 
seems justified. Regardless of the disappointing result ob- 
tained by one group, it should be pointed out that its 
safety in the presence of large doses of digitalis, the ease 
with which a pacing catheter can be introduced-into the 
right atrium, the possibility of leaving the catheter in situ 
in the management of recurrent episodes of atrial flutter 
that would otherwise necessitate multiple external coun- 
tershocks, and the ability to perform cardioversion with- 
out the use of general anesthesia or inducement of amne- 
sia make right atrial pacing the treatment of choice for all 
supraventricular tachycardias except atrial fibrillation.? 
This is especially true for patients who invariably have re- 
celved large doses of digitalis in attempts to slow the ven- 


tricular rate. Furthermore, atrial pacing is preferable to _ 


external countershock for treatment of supraventricular 
tachycardias that develop during cardiac catheterization, 
not only because of its ready accessibility, but also be- 
cause of avoidance of general anesthesia that may alter 
the hemodynamic status of the patient. In patients with 
supraventricular tachycardia, the ventricular response 
during rapid atrial. pacing and induced atrial fibrillation 
may be a clinically useful guide in evaluating digitalis 
toxicity or need for digitalis. Finally, this technique may 
prove to be of diagnostic importance in separating the 
atrial tachyarrhythmias due to ectopic pacemakers from 
those due to reentry. Theoretically, the latter might be 
abolished by a slower pacing stimulus; the former should 
not.? 

Rosen et al. “‘did not consider it acceptable to bring a 
patient to the cardiac laboratory with atrial flutter and 
then send him back to the medical wards with atrial fi- 
brillation.” Regardless of the eventual rhythm the patient 
has, if ventricular response can be effectively slowed by 
rapid atrial pacing as shown by Figure 3 of the paper by 
Rosen et al.ł and by others,?-* I would gladly accept any 
patient on my ward with atrial fibrillation and a slow ven- 


_ tricular response in exchange for one with atrial flutter 


and rapid ventricular response. Of course, one can always 
have the option of using external direct-current counter- 
shock any time rapid atrial pacing proves to be unsuccess- 
ful. 


Tsung O. Cheng, MD, FACC 

Division of Cardiology 

The George Washington University 
Medical Center 

Washington, D. ©. 
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THÉ AUTHOR REPLIES 


The conclusion that rapid atrial pacing had little place in 


- the management of atrial flutter was based on our results, 


these being the failure, in 15 patients, to convert atrial 
flutter to sinus rhythm with this technique. The discrep- 
ancy between our failure and previously reported success 
with rapid pacing is puzzling, but perhaps explainable. As 
discussed in our paper, the explanation is probably relat- 
ed to differences in patient selection. The duration of flut- 
ter was longer in our patients than in most of the success- 
fully treated patients previously described. We would add 
the additional observation that flutter of longer duration 
in our group probably reflects larger atrial size, higher 
levels of atrial pressure, and a greater incidence of con- 
comitant mitral or tricuspid insufficiency, or both. However, 
despite these predisposing factors to persistent atrial ar- 
thythmias, the patient group did respond to cardioversion. ` 

Our expérience with rapid pacing in flutter of short du- 
ration is limited since, in most patients seen with recent 
onset of flutter, conversion to sinus rhythm occurs either 
spontaneously or after digitalization. In patients with flut- 
ter of short duration and rapid ventricular rates with 
hemodynamic disturbance, cardioversion with less than 
100 watt seconds (and frequently less than 50 watt sec- 
onds) may be successfully accomplished with minimal an- 
algesia and a low morbidity. Rapid pacing in this group, 
although perhaps successful, does not appear to be of 
great advantage. 

We agree that atrial flutter can be converted to atrial 
fibrillation with atrial pacing rates of 400 to 600/min. Un- 
fortunately, this is not necessarily advantageous to the pa- 
tient. Slowing of the ventricular rate because of repetitive 
concealed conduction is most striking in patients -with 
flutter and depressed atrioventricular nodal conduction. 
However, since ventricular rates in this group of patients 
are initially slow (Fig. 3 from our recent paper), further 
slowing is not particularly advantageous. In the patients 
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with rapid ventricular responses with short atrioventricu- 
lar nodal refractory periods, conversion of flutter to fibril- 
lation may be accompanied by either minimal changes in 
rate, or even an increase in rate. This reflects the in- 
creased number of impulses bombarding and getting 
through the atrioventricular node. Another accompani- 
ment of the conversion of flutter to fibrillation is the re- 
sultant increased difficulty in’ cardioversion. Patients with 
atrial fibrillation usually need general anesthesia, energy 
levels greater than 100 watt seconds; and are more resis- 
tant to conversion. 

We don’t agree with Dr. Cheng’s statement that atrial 
pacing is the treatment of choice for all supraventricular 


' tachycardia except atrial fibrillation. Paroxysmal supra- 


ventricular tachycardia usually. responds to sedation, 
vagal maneuvers or drug therapy, alone or in combination. 
Atrial pacing may be of value in selected patients with re- 
sistant paroxysmal supraventricular tachycardia. This is 
true if the tachycardia is reentrant, and if the site of re- 


` entrance is electrophysiologically accessible. In regard to 


atrial arrhythmias occurring in the course of cardiac cathe- 
terization, many of these convert spontaneously within 
seconds to minutes of induction. We agree that atrial pac- 
ing through the exposed vein may be useful in some of the 


` resistant cases. 


Kenneth M. Rosen, MD, FACC 
Cardiology Section 

Department of Medicine 

Abraham Lincoln School of Medicine 
Chicago, illinois 


_WEDENSKY PHENOMENA IN LEFT BUNDLE BRANCH 


H. D. Friedberg recently presented an interesting case of 
paa myocardial infarction and Wenckebach phenome- 
on (Friedberg HD: Mechanism of the Wedensky phe- 


l SR in the left bundle branch. Amer J Cardiol 27: 


698-702, 1971).. Paradoxically, the first sequence of beats 
showed left bundle branch block, and normal conduction 
occurred after short coupled beats. The explanation given 
was Wédensky phenomena in the left bundle branch. 


We offer an alternative explanation, namely, that phase. 
'. 4 of the transmembrane. potential of the left bundle of His 


is altered. Therefore, beats with long R-R intervals pre- 


‘ceding them fall in a partially depolarized conducting tis- 
sue of the left bundle branch and are conducted with 


delay, producing a pattern of left bundle branch block. 
By contrast, beats with short R-R intervals preceding them 
occur when the conducting tissue of the left bundle 
branch is not depolarized and therefore are conducted 
normally. Local irritation of the left bundle branch could 


account for the enhanced diastolic depolarization (perhaps 


due to myocardial infarction). 


Branco Mautner, MD 
Arnoldo Luls Girotti, MD 
Cardiology Department 
Ramos Mejia Hospital 
Buenos Alres 

Argentina 


THE AUTHOR REPLIES 

In the case presented, as in several eel 1-3 the first 
conducted beats of a Wenckebach sequence showed left 
bundle branch block, whereas QRS complexes terminat- 


‘ing shorter R-R intervals showed normal intraventricular 
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conduction. These are rare, usually transient, experiments 
of nature that intracavitary recordings are unlikely to illu- 
minate. The paradox is similar to that of bradycardia- 
dependent bundle branch block. The more imaginative 
can think of at least a half a dozen possible hypotheses, 
all of various degrees of implausibility. As Drs. Mautner 
and Girotti point out, diastolic depolarization of fibers in 
the left bundle branch is a possible explanation. It is not, 
to my mind, the most likely one. As diastolic depolariza- 
tion is being glibly trotted out nowadays as the mecha- 
nism of all manner of disturbances, I would like to point 
out some of its limitations. 

Singer et al.* showed in a beautiful experimental study 
that, as phase 4 depolarization progresses, the cells be- 
come progressively less excitable. This change is voltage- 
dependent. The results may well be true for human 
hearts. A rise in threshold in late diastole is very similar 
to an increase in excitability in early diastole. Anyone 
who works without official pacing may observe a brief su- 
pernormal phase of excitability. It is the mechanism of a- 
longer early diastolic enhancement or late diastolic de- 
pression that is at issue. 

Diffuse disease or stretch at the left ventricle might pro- 
duce generalized diastolic depolarization of Purkinje. fi- 
bers. This could account for some examples of left bundle 
branch block. Neither of my cases had left ventricular 
failure or dilatation. Generalized diastolic depolarization 
is probably not common, for this would militate against 
the occurrence of escape impulse formation, which is com- 
mon, especially in myocardial ischemia. Exit block is 
rare. Neither atrioventricular nor intraventricular conduc- 
tion usually becomes worse with slowing of the rate. Aber- 
ration of “‘junctional’” escape beats can be as plausibly ex- 
plained on the basis of eccentric input into or origin with- 
in the common bundle. - 

If, as is likely, diastolic depolarization is confined to po- 
tential pacemaking cells, other difficulties arise. It is con- 
ceivable that a critical number of such cells, located in a 
critical position, may all become sufficiently inexcitable - 
at much the same time so as to fragment the descending 
sinus impulse. This argument would be strengthened if. . 
similar cases showing right bundle branch block or left 
anterior hemiblock (due to involvement of structures 
smaller than the left bundle branch) were to be described, 
or if there were any other evidence of impulse: formation 
in the affected ‘area. It seems to me, therefore, that the 


Singer phenomenon, if I may so term it, has certain limi- 


tations as an explanation for disorders of intraventricular: 
conduction. 

On the other hand, this phenomenon does provide a 
simple and fruitful explanation for some disorders of the 
mode of impulse discharge. This would include many ex- 


amples of parasystole (simple, intermittent or with exit 


block). The protection, which is the essence of parasys- 
tole, may well be related to the level of diastolic potential 
of the ectopic pacemaking cell. When taken together with 
Wedensky facilitation following a sinus beat, the Singer 


, effect can also explain many forms of extrasystolic rhythm 


{that is, with fixed coupling), as well as transitions be- 
tween parasystole and extrasystole.5-§ 


It may further be pointed out that the space and time 
constants of cardiac tissue are small.” This suggests that 
Wedensky facilitation acting to overcome block would be 
manifest only if the affected zone were small and conduc- 
tion slightly depressed. The observation would be ephem- 
eral, as indeed it is. By contrast, an ectopic pacemaking 
focus need consist of only one or a very small number of 


cells. Opportunity for facilitation to be manifest is then 
limited not by space but by time. This means that if the 
impulse from a focus protected by the Singer effect is pre- 
maturely forced by Wedensky facilitation following a 
sinus beat, the coupling interval will tend to be constant. 


H. David Friedberg, MD, FACC - 


Milwaukee, Wisconsin 
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PAUL WOOD REMEMBERED 


I have just seen the American Journal of Cardiology of 
‘duly 25, 1972, the number devoted to Paul Wood. I felt I 
must write to you to express my praise of this superb trib- 
ute to the greatest and most extraordinarily gifted man it 
has ever been my privilege to work for. 

I was Paul Wood’s last Senior Registrar at the Bromp- 
ton Hospital, London, and was working for him at the 


time of his death, having rejoined his unit some three ' 


months previously. I think Dr. Grey Dimond has summed 
up in the last paragraph of his editorial the feelings I ex- 
perienced when I was telephoned by his then secretary, 
Miss Elizabeth Turner, early in the morning to tell me, 
“Its all over; he’s gone.” The initial sense of disbelief that 


this could have happened and later the profound sense of 


loss one experienced can only I think be appreciated by 
those who were privileged either to work closely with Paul 
Wood or to know him closely as a personal friend. Ten 
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years later your Journal has reawakened many of these 
feelings. His effect on his junior staff was quite extraordi- 
nary, but there must be few people for whom one was pre- 
pared to work so willingly, possibly due to the knowledge 
that he drove himself as hard or harder than he' drove us. 
The photograph which appears as the frontispiece of your 
issue has for many‘years been in a prominent place in my 
office as a reminder, if ever one were needed, of one of the 
greatest experiences of my life—to have worked for this 
man. 


Ronald G. Gold, MBBS, FRACP, MRCP 
Newcastle General Hospital 
Newcastle upon Tyne, England 


LEFT ATRIAL MYXOMA AND TRANSSEPTAL CARDIAC 
CATHETERIZATION 


I congratulate Dr. Pindyck and his colleagues on their 
good fortune in having a happy outcome after transseptal 
catheterization of their patient with a left atrial myxo- 
ma.? In April 1969 we reported in this Journal a similar 
event with a fatal outcome due to obstruction of the mi- 
tral valve by the myxoma.” Since both this case and ours 
were not recognized clinically, I think Drs. Pindyck et al. 
would join with us in suggesting that transseptal catheter- 
ization should not be carried out in any patient with iso- 
lated mitral valve disease before visualization of the left 


- atrium. 
Derek G. F. Marpole, MD 
Cardiovascular Diviston 
Royal Victoria Hospital 
Montreal, Quebec, Canada 
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Textbook of Electrocardiography by David Littmann, MD. 
Hagerstown, Md, Harper & Row, 1972, 533 pages, $22.50 


In the day and age of “programmed texts,” “workbooks” 
and other dogmatic teaching aids in electrocardiography, it 
is refreshing to find a new textbook, written by a distin- 
guished teacher and investigator in this field. The author’s 
approach is explained in the preface: the book presents a 
carefully selected set of “textbook” illustrations of elec- 
trocardiographic tracings, and states that “‘all else in the 
book is secondary to the illustrations; only enough text is 
offered to provide adequate introductions, coherence and 
continuity.” The tracings are well selected and beautifully 
reproduced. Made almost exclusively with the use of photo- 
graphic recorders, they present a clarity of detail not often 
encountered in today’s electrocardiograms. 

This reviewer agrees with Dr. Littmann’s general phi- 
losophy, which emphasizes the empirical nature of electro- 


‘cardiograms, the need to use imprecise terms (“‘frequent,” ` 


“‘occasional’’) because of uncertainty about “hard data,” 
and the questionable validity of extrapolating experimental 
data and electrophysiologic considerations to clinical 
electrocardiography. However, Dr. Littmann recommends 
that the electrocardiogram be interpreted by itself, without 
knowledge of clinical data; only after the initial judgment is 
made is it to be considered in the clinical setting. This in- 


tellectual exercise, in which many of us. indulge, represents -~ 


a good teaching tool in the ivory tower of a teaching hos- 
pital; however, in the setting of a.small hospital.it often 
leads to overreading of electrocardiograms and diagnosis of 
clinical conditions from the electrocardiogram alone. 

The book is divided into 7 chapters: an introductory 
chapter on electrophysiology and the normal electrocardio- 


gram, hypertrophy, conduction disturbances, coronary | 


heart disease, the electrocardiogram in specific disorders, 
the nonspecifically abnormal electrocardiogram and the un- 


known electrocardiogram. Some omissions are noteworthy: 


Although conduction disturbances are discussed in con- 
siderable detail, other forms of arrhythmias are presented 
only briefly as secondary subjects in connection with the 
Wolff-Parkinson-White syndrome or drug effects, for ex- 
ample. Some discussions suffer from too much fragmenta- 
tion, which affects the clarity of presentation; for example, 
6 varieties of postinfarctional intraventricular conduction 
abnormalities are described and 12 localizations of myo- 
, cardial infarction are listed and exemplified. 

Some of the aspects of the discussion appear to be out of 
date—for example, the statement that “complete heart 
block occurs usually as the result of coronary disease, but is 
seen also with rheumatoid arthritis, myocarditis, myo- 
cardiopathies and rarely, in systemic lupus.” Primary dis- 
eases of the conducting system, so much in the limelight 
_ today, are not mentioned. Stress tests are covered very 
superficially, with emphasis on the 2-step test, yet this 
represents one of the most widely debated subjects today. 

In general this book represents the mature approach of an 
experienced electrocardiographer who passes on to the 
reader many pearls. It will be a valuable text and atlas not 
only for the student and the resident in internal medicine 
for whom the book is intended, but also for the experienced 
cardiographer. 

Arthur Selzer, MD 
San Francisco, California 
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The Pathogenesis of Atherosclerosis, by Robert W. Wissler 
and Jack C. Geer. Baltimore, Williams & Wilkins, 1972 


Often books which have their genesis in papers presented 
at a symposium are the results of a hasty compilation of 
those papers. This is not the case of the current monograph 
that Drs. Wissler and Geer have so competently edited.. 
Twenty-nine authorities have contributed to this volume 
which is clear, concise, factual, comprehensive and well 
illustrated. There is a most comprehensive discussion of the 
risk factors and their role in the etiology and pathogenesis | 
of atherosclerotic diseases by Stamler, Berkson, and Lind- 
bergh. An excellent discussion of the hemodynamic risk 
factors which includes mechanical stresses and biophysical 
factors associated in the pathogenesis of atherosclerotic 
diseases is presented by Seymour Glagov. J. F. Mustard and 
M. A. Packman very concisely discuss the role of thrombosis 
and the development of atherosclerosis and the possible 
role of platelet agglutination in the early stages of thrombo- 
sis and in the genesis of atherosclerotic lesions. Robert Levy 
and Neil Stone discuss the role of lipoproteins in the genesis 
of atherosclerosis. All the chapters are well written and con- 
tain a comprehensive bibliography. 

My only criticism is the rather incomplete and sparse 
index, which makes it difficult to use the book as a quick 
reference guide. This volume is recommended for medical 
students, practicing physicians, as well as the investigator 
in the field. 


- Selvyn B. Blelfer, MD 
Beverly Hills, California 


Biological Tissue in Heart Vaive Replacement, edited by 
M. I. Ionescu, D. M. Ross, and G. H. Wooler. London, 
Butterworth, 1972 


The controversy surrounding the use of prosthetic. valves 
in cardiac surgery remains unresolved largely because there 
is no prosthesis that is clearly outstanding. The use of bio- 
prostheses remains attractive to many surgeons and car- 
diologists. 

This welcome volume deals with the subject of biopros- 
theses in detail. The editors are among the leaders in this 
field, and their expertise is apparent in the selection of 
topics and contributors, all of whom are acknowledged ex- 
perts. The book is a logical outgrowth of the increasing 
complexity of the subject and of the néed for compiling the 
background material and accumulated experience in a 
single volume. In the introduction, the complex terminology 
is defined. The first chapter on the “Status of Prosthetic 
Cardiac Valves” is an excellent foil for the subject matter of 
the book. The book is divided into two sections, the first’ 
covering the experimental background and the second the 
clinical use of biological tissue in heart valve replacement. 
The later section is subdivided into discussions on aortic 
heterografts, autologous tissue, congenital heart disease and 
pathology of transplanted heart valves. It is unquestionably 
the definitive work on the use of autologous, allogenic and 
zenogenic tissues in the repair or replacement of heart 
valves. 


George E. Reed, MD 
New York, New York 


Volume 31 


Pediatric Cardiology, third edition, by Alexander S. Nadas, 
MD and Donald C. Fyler, MD. Philadelphia, WB Saunders, 
1972, 749 pages : 

The third edition of Dr. Nadas’ text on pediatric cardiology, 


now co-authored with Dr. Donald Fyler, continues to offer, 
in a highly personal manner, a comprehensive review of the 


subject. The reader is permitted to share in the enjoyment ` 


of a course focused on cardiac disease in infancy and child- 
hood as presented by a master teacher. The book is divided 
into 3 sections covering (1) the tools of diagnosis, (2) ac- 
quired heart disease, and (3) congenital heart disease. Most 
material, particularly that related to congenital heart dis- 
ease, has been updated in the new edition. An appendix is 


provided containing many useful tables—normal blood | 


pressure values at various ages, criteria for left and right 
ventricular hypertrophy, principal drugs used in pediatric 
cardiology. The bibliography is extensive, but not all-in- 
clusive, consisting of only those. articles deemed by the 
authors to be of sufficient interest. The early chapters, es- 
pecially those on physical examination, electrocardiography 
and vectorcardiography, are exceedingly well done. One 
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could raise questions about devoting 10 pages to the value 
of cardiac fluoroscopy after the authors themselves state the 
disadvantages and limitations of the method. Perhaps this 
section should have been laid to rest with editions I and I. 
The chapter on cardiac arrhythmias contains a wealth of 
clinical. data gleaned from the authors’ large series and 
should be helpful to other cardiologists faced with these 
relatively rare problems. 

The introductory chapter to the section on congenital 
heart disease contains a fine presentation of the epide- 
miology of congenital heart disease together with a brief 
but particularly well-conceived treatment of cardiac de- 
velopment. The graphic material, figures, and X-ray film 
reproduction throughout the book are all superior in quality. 

The Nadas-Fyler text is highly recommended for medical 
students, pediatricians, pediatric and other cardiologists 
interested in cardiac disease in infancy and childhood. 
There are relatively few medical textbooks that provide 
both a profitable educational experience and considerable 


reading pleasure. 
Norman S. Talner, MD 


New Haven, Connecticut 
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ARTERIOSCLEROSIS 


Factors affecting arterial calcification associated with 
atherosclerosis. A review. Yogamundi Moon J, 


Atherosclerosis 16:119-26, Jul-Aug 72 (49 ref.) — 


CEREBRAL ARTERIOSCLEROSIS 


Juvenile cerebral arteriosclerosis and other cerebral 
arteriopathies of childhood-six autopsied cases. 
Harvey FH, et alL 

Acta Neurol Scamd 48:479-509, 1972 (106 ref.) 


CEREBROVASCULAR DISORDERS 


Juvenile cerebral arteriosclerosis and other cerebral 
arterlopathies of childhood--six autopsied cases. 
Harvey FH, et al 

Acta Neurol Scand 48:479-509, 1972 (106 ref.) 


CORONARY DISEASE 


Myocardial ultrastructure in acute and chronic 
hypoxia. ‘Ferrans VJ, et aL 

Cardiology 56:144-60, 1971 (87 ref.) 
Morphological alterations in the ischaemic heart. 
Heggtveit HA. Cardiology 56:284-90, 1971 (24 ref.) 
Position statement on diet and coronary heart disease. 
American health Foundation. 

Prey Med 1:255-86, Mar 72 (50 ref.) 


DIGITALIS GLYCOSIDES 


Effects of digitalis on myocardial ionic exchange. 
Langer GA. Circulation 46:180-7, Jul 72 (42 ref.) 


. HEART 


Reparative proceszes in heart muscle following 


myocardial infarction. Hing RJ. 5 
Cardiology 56:314-24, 1971 (20 ref.) 
HEART DISEASES 


Ultrasonnd in cardiac diagnosis. Pridie RB, et al. 
Clin Radiol 23:160-78, Apr 72 (41 ref.) 


HEART VENTRICLE 

- Performance of the left ventricle. Mitchell JH, et al. 
Am J Med 53:481-94, Oct 72 (64 ref.) | 
HYPERTENSION 


Cardiovascular diseases related. to geochemical 
environment. Hypertension and the geochemical 
environment. Perry HM Jr. 

Ann NY Acad Sel 199:202-16, 28 Jun 72 (48 ref.) 


Blood pressure as a factor in radiotherapy. Jenkin RD. 
Mod Trends Radiother’ 2:157-64, 1972 (8 ref.) 


LYMPHATIC SYSTEM 


The blood and lymphatie microcirculation of the lung. 
Lauweryns JM. Pathol Annu 6:365-415, 1971 (95 ref.) 


MONOAMINE OXIDASE INHIBITORS 


Migraine. Hanington E. 
Trans Med Soc Lond 87:32-9, 1971 (18 ref.) 


MYOCARDIAL INFARCT 


Reparative processes in heart muscle following 
myocardial infarction. Bing RJ. 
Cardiology 56:314-24, 1971 (20 ref.) 


MYOCARDIUM 


Myocardial ultrastructure in acute and chronic 
hypoxia. Ferrans VJ, et al. 

Cardiology 56:144-60, 1971 (87 ref.) 
Morphological alterations in the ischaemic heart. 
Heggtveit HA. Cardiology 56:284-90, 1971 (24 ref.) 
Effects of digitalis on myocardial ionic exchange. 
Langer GA. Circulation 46:180-7, Jul 72 (42 ref.) 


NOREPINEPHRINE 


Subcellular localisation of noradrenaline in 
sympathetic neurons. Smith AD. 

Pharmacol Rev 24:435-57, Sep 72 (102 ref.) 
The relationship between brain norepinephrine and 
aggressive behavior. Rels DJ. 

= ia Assoc Res Nery Ment Dis 50:286-97, 1972 (84 
r 


PHEOCHROMOCYTOMA 


Catecholamines—-a symposium. 
Calif Med 117:32-62, Sep 72 (138 ref.) 


PULMONARY CIRCULATION 


The blood and lymphatic microcirculation of the lung. 
Lauweryns JM. Pathol Annw 6:345-415, 1971 (95 ref.) 


' SHOCK 


Shock. Gill W, et al. 

J R Coll Surg Edinb 17:304-14, Sep 72 (89 ref.) 
Shock. McGovern VJ. 

Pathol Annu 6:279-98, 1971 (57 ref.) 
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the September 1971 Issue (Amer J Cardiol 28: 366-367, 1971). : 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS’. 


CALENDAR OF CONTINUING MEDICAL EDUCATION PROGRAMS 


The National ‘Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
diséase. Although the disciplined ob- 
jective of each program as well as its 

content, format and faculty are pri- 


marily determined By the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of fina! re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. | ) 

_ Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 





Programs ahd faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1973 


FEB. Twenty-Second Annual 
14-18 


Scien- 
tific Session. Samuel M. Fox III, 
FACC, president. St. Francis 
Hotel, San Francisco,-Callif. 


FEB. Reconvened Scientific Session. 

19-20 James A. Orbison, FACC, direc- 
tor. Maui Sheraton, Maul, Ha- 
wall 


MAR 5- Course In Cardiovascular 


APR 28 Diseases for Registered Nurses. 
Fred D. Ownby, FACC and Jua- 
nita C. Burns, co-directors. 
Nashville, Tenn. 

MAR Cardiac Emergencies: A Work- 

12-13 shop. Arthur Selzer, FACC, 


H. J. C. Swan, FACC and Keith 
E. Cohn, FACC, co-directors. 
To be presentéd during the 
Annual Meeting of the California 
Medical Association, Anaheim 
Convention Center, Anahelm, 
Calif. 


Consultant's Course in Cardi- 
ology. Simon Dack, FACC, 
Arnold M. Katz, FACC and 
. Robert: S. Litwak, FACC, co- 


MAR. 
12-16 


directors. Mount Sinai Medical 


Center, New York, N.Y. 


Non-Invasive Methods in Cardi 
ology, Apexcardiography, Pho- 
nocardlography, Pulse Tracings, 
Systollc Time Intervals and 
Phonoarterlography. Samuel 
Zoneraich, FACC, director. 
Queens Hospital Center, Jamal- 
ca, N. Y. 


MAR. 
16-18 


Electrocardiographic Interpreta- 
tion of Arrhythmias: A Physio- 
logical Approach. Charles Fisch, 
FACC, director. Indiana Uni- 
versity Medical Center, India- 
napolis, Ind. a 


MAR. 
26-28 


APR.  .Auscultation, Phonocardlog- 
2-4 raphy and Pulse Tracings: A 
- Basic Workshop. Alberto Ben- 
chimol, FACC, director. Moun- 
tain Shadows Resort Hotel, 

. Scottsdale, Ariz. 


APR. 


Cardiology for the Consultant. 
E. Grey Dimond, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Callf. 


2-11 


APR. Management of the Critically IU 


4-6 Cardiac Patient. Henry D. Mc- 
intosh, FACC, James K. Alex- 
ander, FACC and Edward W. 
Dennis, FACC, co-directors. The 
Methodist Hospitai, Houston, 
Tex.. 


APR. Non-invasive Techniques in the 

14-15 Diagnosis of Heart Disease. 
Clarence Agress, FACC and H. 
J. C. Swan, FACC, co-directors. 
Century Plaza Hotel, Los An- 
geles, Calif. 


APR. Current Concepts in Cardiology 


`- 30- —1973. Philip Akre, director and 
MAY John A. Bowers and Masato 
3 Takahashi, co-directors. Cae- 


sar's Palace, Las Vegas, Nev. 
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The Clinical Manifestations of 
Congenital Heart Disease from 
Birth through Adulthood. Joseph 
K. Perloff, FACC, director and 
Sidney Friedman, FACC and 
Willlam Rashkind, co-directors. 
Hospital of the University of 
Pennsylvania, Philadelphia, Pa: 


MAY 
7-9 


MAY 
17-19 


How to Collect a Cardiovascular 
Data Base. J. Willis Hurst, FACC 
and Robert C. Schiant, FACC. 
Royal Coach Motor Hotel, At- 
lanta, Ga. 


A Critical Approach to Cardio- 


vascular Therapy. Arthur Selzer, 
FACC and Kelth E. Cohn, FACC, 


JUNE 
21-22 


22nd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


San Francisco, California 


co-directors, Jack Tar Hotel, 


San Francisco, Calif. 


Atherosclarotic Heart Disease— 
1973. Robert L. Van Citters, 
FACC, and Harold T. Dodge, 
FACC, co-diractors. Anchorage 
Westward Hotel, Anchorage, 
Alaska 
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IN A MONTHLY MULTIMEDIA PROGRAM 
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AMERICAN COLLEGE OF 
CARDIOLOGY EXTENDED LEARNING 


This multimedia (tapes, sildes, printed booklet) audio tape program 
includes 60 minutes of clinically orlented Information on the art of 
dlagnosls and treatment of cardiovascular disease to Its subscribers 

each month. The audio cassette tapes Include recorded panel discusslons 
Interviews with noted authorities and self-assessment quizzes. In 
addition, 35 mm slides and a monthly personal continuing education 
notebook are supplied as a part of this professlonal service. 


PEE EE -Join the more than 4,700 subscribers who are listening each month. 
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General Electric 


patient monitoring systems 
reflect homework, 
not guesswork 


We visit hospitals. Talk with 


-= administrators and critical 


care teams. Then build 


- equipment prototypes— 


test and retest. But every 
effort worth it. 


Our full line of modular 
patient monitoring systems 
is a direct response to what 


hospitals told us such systems 


should be. Systems that 


- reflect GE’s commitment to 


provide whatever it takes to 
meet the real patient care 


_ needs in hospitals like yours. 


For now. And for the long 
haul too. Full-soectrum 
systems which combine 
electronic stability, patient 





safety, accuracy and 
lasting reliability. 


That’s true wherever patient 
care demands a continual, 
up-to-the-moment input of 
information. In ICU/CCU 
areas. In intermediate care. 
Surgery. Emergency. Even 
pediatrics. 


But, let’s be specific. 


GE emphasizes safety 
throughout. So, we optically 
couple our ECG amplifiers 
to isolate patients from 
ground as a protection 
against shock hazards. 


As critical care areas grow 
and change you'll appreciate 
GE’s modular flexibility; 
monitoring configurations 
that make optimum use of 
available space. Systems can 
be combined and/or 


-interchanged without 


revamping the entire 
installation. 


For ambulatory patients, you 
can extend your critical care 
team's watchful eye via 
telemetry. The system 
transmits and displays data, 
for up to 20 patients, from 
distances of 300 or more 
feet away. 





And, you can provide 
procedure room radiographic 
capability at bedside for 
critical care patients with 


GE’s AMX-110™ auto/mobile 
x-ray system. It’s cordless: 
no expensive wiring needed. 
Features variable speed 
power drive so even the 
smallest tech can handle it. 


To help you get these, and 
our many other patient care 


-systems, GE Mind-Easer 


Leasing Plans provide 
financial peace of mind. 


Ask your GE representative 
for all the details on 

General Electric total critical 
care systems. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, Liege. 
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Now... 

Thermal Dilution 
Capability 

with a 
Dichromatic 
Densitometer 





The Waters TD-1 Cardiac Output Analyzer mea- 
sures cardiac output via thermal dilution as well 
as dye dilution. This dual capability allows for 
the determination of cardiac output at frequent 
intervals over long periods and, in addition, 
provides accurate dye dilution measurements. 


The Waters Dichromatic Densitometer has always 
been in a class by itself, because. it not only 
reads the primary dye pattern but also considers 
artifacts and neutralizes their Hopas; on mea- 
surement readings. 


A-G4 


The addition of thermal dilution capability makes 
the Waters TD-1 the most accurate, versatile and ` 
advanced indicator dilution instrument available. 


See the Waters TD-1 at the American 
College of Cardiology Convention in 


San Francisco February 14. 





WATERS INSTRUMENTS, INC. 
P.O. Box 6117/Rochester, Minnesota 55901/U.5.A. 
Telephone 507/288-7777 Cable WATCO 
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_ When assisted, * 
circulation is ` 
indicated... 

Cardiassist 


EXTERNAL PRESSURE CIRCULATORY ASSIST 


5 


A noninvasive — atraumatic — easily and quickly applied 
method of counterpulsation. 

For complete information write Medical Innovations. Inc.. Dept. AJC 
332 Second Ave., Waltham, Massachusetts 02154. 
Telephone: (617) 890-4266. Cable: MEDINCORP, 

Waltham, Massachusetts. USA. 


See CARDIASSIST “external pressure circulatory assist demonstrated at the 
Annual Meeting of The Society of Thoracic Surgeons. Houston, Jan. 22-2-4 and the 
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- often not known. excessive or even thera- 


“* spagnful) contalns potassium: ‘chloride 1 5. peutic dosages may result in potassium 


> Grif’ supplying 20 mEq. of elemental: 

., potassium, In a cherry-flavored; palatale” ` 
base, alccho! 4%. Contains no sugar 
INDICATIONS: Treatment of potassium, 
deficiency occurring especially during 


- . thiazide dluretic or corticosterold therapy, ` 
. digitalis intoxication, low-dletary intake. 


of potassium-or as a result of excessive i 


“ vomiting and'diarrhea. --. 


CONTRAINDICATIONS: Jinipaired renal 


, . function, untreated Addison’s Disease, 
‘dehydration, heat cramps; and hyper- 


kalemila. > -~ 
PRECAUTIONS: “Potassium ‘chi òrde 
should be.administered with caution and | 


‘adlusted tothe requirements. of the indi- 


vidual patient, since the amount of. defl- 


i eny and gor apona daily: ‘dose is 






intoxication: Patients shouldbe frequently - 


checked and perlodic ECG.and/or plasma ~“ 


potassium levels made. High plasma con- 


~ centrations of potassium lon may cause 


cardiac depression, arrhythmias or arrest. 


“Use with caution in patients with cardiac - 
-- disease, In hypokalemic states, attention 


should be directed toward the correction 
of the frequently associated hypochtoremic - 


alkalosis.: 


SIDE-EFFECTS: Vomiting, nausea, 
abdominal discomfort and-diarrhea may 
occur. Symptoms and-signs of potassium 
intoxication include listlessness, mental 
confusion; paresthesia of the-extremities, - 
weakness of the legs, flaccid paralysis, 
fallin blood pressure, cardiac arrhythmias 
and heart block. When hyperkalemia ` 


Cooper Latioratories, Inc., Wayne, NiJ..07470/Ste. Therese, en pr 3 se 
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exists, it should. be. ca ireated with 


- the discontinuance’ of potassium adminis- 


tration or other steps to lower serum levels. 
if Indicated, since sudden shift in plasma 


‘levels may Induce potentially ‘ dangerous: et 
Cardiac arrhythmias. . ` <n 


DOSAGE AND ADMINISTRATION: Adults, 
one tablespooñful. (15 cc.) diluted:in one - 
glass of water, twice dally aftar-the | 
morning and evening meal. Larget doses’ 
may be Indicated. accordigg to the Indi- 
vidual patient's ‘requirements. but should. 


. be administered under close supervision + 

-- due to the possiblility.of potassium Intoxl-" _ 
- cation: Patients should be cautionéd to ` 
‘follow directions explicitly in Jogar ae 

’ dilution of Kay Ciel Eil 

_ gastrointestinal Injury. 

, - HOW SUPPLIED: One pine ang one galion: 


lixir to prevent. 
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Lasix’ 
furosemide | 
Tablets / Injection 


WARNING —Lasix (furosemide) Is a potent diuretic 
which If given in excessive amounts can jesd to a 
profound diuresis with water and electrolyte depie- 
tion., Therefore, careful medical supervision is re- 
quired, and dose and dose schedule have to be ad- 
justed to the individual patient's needs. (See under 
“DOSAGE AND ADMINISTRATION."”) 


DESCRIPTION — Lasix is a diuretic, chemically dis- 
tinct from the organomercurtals, thlazides and other 
heterocyclic compounds. It Is characterized by: 
a high degree of efficacy; 
a rapid onset of action; 
a comparatively short duration of action; 
a ratio of minimum to maximum effective dose 
higher than 1:10; 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henle's loop. 


Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it is 4-chloro-N-furfuryi-5-sulfamoylan- 
thranilic acid. 


INDICATIONS — Lasix (furosemide) is indicated for 
the treaiment of the edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
larly useful when an agent with greater diuretic poten- 
tial than that of those commonly employed is desired. 


If the gastrointestinal absorption is impalred or oral 
medication is not practicable for any reason, Lasix Is 
indicated by the Intramuscular or intravenous route. 
The Intravenous administration of Lasix is Indicated 
when a rapid onset of the diuresis is desired, e.g., 
acuta pulmonary edema. 


Parenteral administration should be reserved for pa- 
tients where oral medication of Lasix (furosemide) is 
not practical. 


Hypertension — Lasix Tablets may be used for the 
treatment of A Lael elt alone or in combination 
with other antihypertensive drugs. Hypertenalve pa- 
tlents who cannot be adequately controlled with thla- 
zides will probably also not be adequately controlla- 
bie with Lasix (furosemide) alone. 


CONTRAINDICATIONS—Bocause anima! reproductive 
studies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug Is contraindicated In 
women of child-bearing potential. 


Lasix Is contraindicated In anuria, If increasing azo- 
temla and oliguria occur during treaiment of severe 
progressive renal disease, the drug should be discon- 
tinued. In hepatic coma and In states of electrolyte 
depletion, therapy should not be Instituted until the 
basic condition A Improved or corrected. Lasix Is 
contralndicated In patlents with a history of hyper- 
sensitivity to this compound. 


Until more experience Is accumulated In the pediatric 
use of Lasix {furosemide}, children shouid not be 
treated with the drug. 


WARNINGS—Excessive diuresis may result in dehy- 
dration and reduction In blood volume, with circula- 
tory collapse and with the possibility of vascular 
thrombosis and embolism, particularly In elderty pa- 
tients, 


Excessive loss of potassium In patients receiving 
digitalis glycosides may precipitate digitalis toxicity. 
Care should also be exercised in patients recelving 
potassium-depleting sterolds. 


Frequent serum electrolyte, COg and BUN determina- 
tions should be performed during the first faw months 
of therapy and peslodically thereafter, and abnormall- 
tles corrected or the drug temporarily withdrawn. 


in patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is beat carried 
out In the hospital. Sudden alterations of fuid and 
electrolyte balance In patients with cirrhosis may pra- 
cipitate hepatic coma; therefore, strict observetion is 
necessary during the period of diuresis. Supplemental 
potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and 
metabolle alkalosis. 


As with many other drugs, parions should be ob- 
served regularly for the possible occurrence of blood 
dyscraslas, Ilver damage, or other Idiosyncratic re- 
actions. 

In those Instances where potassium supplementation 
is required, coated potassium tablets should be used 
only when adequate dietary supplementation Is not 
practical. 

There have been several reports, published and 
unpublished, concerning nonspecific samall-bowel le- 
sions consisting of stenosis, with or without ulcer- 
ation, associated with the administration of enteric- 
coated thlazides with potassium salts. These lesions 


may occur with enteric-coated potassium tablets 
alone or when ney are used with nonenteric-coated 
thlazides, or certain other oral diuretics. 


These small-bowel laslons have caused obstruction, 
hemorrhage, and perforation. Surgery was frequently 
required, and deaths have occurred. 


Available Information tends to implicate enteric- 
coated potassium salts, although lesions of this type 
also occur spontaneously, Therefore, coated potas- 
slum-containing formulations should be administered 
only when Indicated, and should be discontinued 
immediately if abdominal pain, distention, nausea, 
yomiling, Or gastrointestinal bleading occurs, 


Patients with known sulfonamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS—As with any potent diuretic, electro- 
iyte depletion may occur during therapy with Lasix, 
especially in patients receiving higher doses and a 
restricted salt intake. Electrolyte depletion may mani- 
fest itself by weakness, dizziness, lethargy, leg 
Cramps, anorexia, vomiting, and/or menta! contusion. 
In edematous hypertensive patients being treated 
with antihypertensive agents, care should be taken to 
reduce the dose of these drugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antinypertensive medications. 


Asymptomatic hyperuricamla can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may bs seen. These have been observed in associa- 
tion with dehydration, which should be avoided, par- 
ticularly in patienta with renal insufficiency. 


Casas of reversible deafness and tinnitus have been 
reported following the injection of Lasix. These ad- 
verse reactions occurred when Lasix was injected at 
doses exceeding several times the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg.). Tran- 
sient deafness is more likely to occur in patients with 
severe impalrmant of renal function and In patients 
who are also receiving drugs known to be otoltoxlc. 
Periodic checks on urine and blood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alterations in glucose tolerance 
tests wiih abnormalities of the fasting and two-hour 
postprandial sugar have been: observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may lower serum calcium levels, 
and rare cases of tetany have been reported. Accord- 
ingly, periodic serum calcium levels shouid be ob- 
tained. 


Patients receiving high doses of salicylates, as in 
rheumatic diseases, In conjunction with Lasix may 
experience salicylate toxicity at lower doses because 
of competitive renal excretory sites. 


Sulfonamide dluretics have been reported to de- 
Crease arterial responsiveness to pressor amines and 
to enhance the effect of tubocurarine. Great caution 
should be exercised In administering curare or lts 
derivatives to patlents undergoing therapy with Lasix, 
and it Ils advisable to discontinue oral Lasix for one 
week and parenteral Lasix two days prior to any siec- 
tive surgery. 


ADVERSE REACTIONS — Various forms of dermatitis, 
including urticaria and rere cases of exfoliative 
dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea, 
may occur. 


Anemia, leukopenia, aplastic anemia, and thrombo- 
cytopenia (with purpura may occur. Rare cases of 
agranulocytosis have occurred which responded ta 
treatment. 


Cases of reversible deafness and tinnitus have been 
reported. These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual therapeutic dose of 1 to 2 ampules 
(20 to 40 mg.}. (See “PRECAUTIONS.") 


in addition, the following rare adverse reactions have 
been reported; however, relationship to the drug has 
not bean established with certainly: sweet taste, oral 
and gastric burning, paradoxical swelling, headache, 
Jaundice, thrombophiebitis and emboli {see WARN- 
INGS”), and acute pancreatitis. 


Lasix induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle 
cramps, thirst, increased perspiration, urinary bladder 
spasm and symptoms of urinary frequency. 


As far as hyperglycemia Is concerned, see “PRE- 
CAUTIONS." 


Transient pain after Intramuscular Injection has bean 
reported at the Injection site. 


DOSAGE AND ADMINISTRATION 

Oral Administration —The usual dose of Lasix Is 1 to 
2 tablets (40 19.80 ng.) Qin as a single dose, pret- 
erably In the _mdfning. Ordinarily, a prompt diuresis 
ensues. Dependiiig on the patient's response, a sec- 


ond dose can be administered 6 to 8 hours Iater. 
This dosage and dosage schedule can then be main- 
tained or even reduced. If the diuretic response with 
a single dose of 1 to 2 tablets (40 to 80 mg.) is not 
satisfactory, e.g., In a patient with congestive heart 
fallure refractory to maximal doses of thiazides, the 
following schedule should be used: Increase this 
dose by Increments of 1 tablet (40 mg.) not sooner 
than 6 to 8 hours after the previous dose until the 
desired diuretic effect has been obtained. This Indi- 
vidually determined single dose should then be given 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). 
The dose of Lasix may be carefully titrated up to 600 
mg. per day in those patients with severe clinical 
edematous states. Higher doses are currently under 
investigation. 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermittent 
dosage schedule In which the diuretic is given for 2 
to 4 consecutive days each week, With doses exceed- 
ing 80 mg./day and given for prolonged periods, 
careful clinical and laboratory observations are par- 
ticularly advisable. 


Hypertension—The usual dose of Lasix (furosemide) 
is one tablet (40 mg.) twice daily both for Initlatlon 
of therapy and for maintenance. Careful observations 
for changes in blood pressura must be made when 
this compound is used with other antihypertensive 
drugs, especially during Initia} therapy. 


The dosage of other agents must be reduced by at 
least 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop In blood pressura. 
As the biood pressure falis under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs may 
be necessary. it ia further recommended, if one tab- 
tet {40 mg.} twice daily ‘does not tead to a clini- 
cally satisfactory response, to add other hypotensive 
agents, @.g., reserpine, rather than to increase the 
dose of Lasix, 


Until more experlence Is accumulated In the pediatric 
use of Lasix (furosemide), childran should not be 
treated with the drug. ` 


Parenteral Administration—The usual ‘dose- of Lasix 
Is 1 to 2 ampules (20 to 40 mg.) given as a single 
dose, Injected [ntramuscularly or Intravenously, The 
Intravenous Injectlon should be given slowly {1 to 
2 minutes). Ordinarily, a prompt dluresis ensues. 
Depending on the patient's response a second dose 
n be administered two hours after the first dose 
or later. 


if the diuretic response with a single dose of 1 to 2 
ampules {20 to 40 mg.) is not satisfactory, 8.9g., In a 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medica! supervision: Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours after the previous dose until the desired diuretic 
effect has been obtained. This Individually deter- 
mined single dose should then be glyan once or twice 
daily. Parenteral administration should be reserved 
for patients where oral medication is not practical. 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this ts prac- 
tical for continued mobilization of edema. 


Acute umon Edema—Since the diuresis evoked 
by Lasix given intravenously commences within five 
minutes and leads to an intensive diuresis, the treal- 
ment of patients with acute pulmonary edema with 
Lasix {furosemide} intravenously has proven par- 
ticularly valuable. 


The following schedule is recommended: 2 ampules 
(40 mg.} of Lasix are to be slowly injected intra- 
venously Immediately. Then this dose should be fol- 
lowed by another 2 ampules (40 mg.) one to one and 
one-half hours later if that Is Indicated by the pa- 
tlent’s condition. 


If deemed necessary, additional therapy {e.g., digi- 
talis, oxygen) can be administered concomitantly. 


Until more experience Is accumulated in the pedlatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 
HOW SUPPLIED—Lasix (furosemide) Tablets are 
supplied ss white, monogrammed, scored tabiets of 
40 mg. in amber bottles of 100 (FSN 6505-062-3338}, 
500, and Unit Dose 100’s (20 strips of 5). Lasix In- 
ection is supplied as a sterile solution in 2 mi. am- 
r ampules; boxes of 5 (FSN 6505-435-0377) and 
50. Each mi. contains 10 mg. furosemide (with so- 
dlum chloride for fsotoniclty and sodium hydroxide 
to make the solution slightly alkalina). 


Note: Exposure to light may causa slight discolor- 
atlon which, however, does not alter potency. 
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Your experience 
' with Lasix’ (furosemide! 
has proven its usefulness 
in office practice. 








Tablets 
40 mg. 


O Rapid onset of diuresis, usually within an hour 
after administration, can lead to prompt, notice- 
able clinical improvement. 

O The usual daily dosage of 40 mg. may be care- 
fully raised to as high as 600 mg., if necessary. 

O Patient inconvenience is minimal since diuresis 
is usually complete within 6 to 8 hours. 

O Inlong-term therapy, dry weight can be reliably 
and safely maintained by adjusting the dose to 
fit your patient’s individual need. 

O Unexpected side effects are rare at usual doses 
and are frequently related to diuresis. (See 
complete listing of adverse reactions in full 
prescribing information.) 


As medical experience 


eines more and more 
Patients who should be spared 
ssant effects of 
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When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects 
(circulatory, respiratory, 
urinary ) of narcotics may 
be increased: 
in patients with 
e chronic illness 
e advanced age 
e chronic obstructive 
lung disease 
e pleural effusion 
e cirrhosis 
e myocardial 
infarction 
e prostatic 
hypertrophy 


in patients who have had 


e general anesthesia 
e considerable 


blood loss 


e muscle relaxants 
for surgery 


„and in many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 


: S pentazocine 
k 


(as lactate) 





Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to morphine, Talwin 
causes less severe respiratory 

depression, hypotension, urinary 

retention, constipation. 


Talwin is less likely to cause 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to analgesic effect has 
not been reported. 


Not subject to narcotic controls. 


See next page for a discussion of 
warnings, precautions, adverse 
reactions and other Prescribing 
Information. 
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in moderate | 
to severe pain 


Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


‘Available in 
Omg., 45 mg. and 60mg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 





Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevat- 
ing cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
isting increase in intracranial pressure. Fur- 
thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics. Talwin should be used with cau- 
tion in women delivering premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. Ab- 
rupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient’s symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 
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against pain 


of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of this reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin in this age group is 
not recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
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mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 
the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
Cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampu/s of 1 mi. (30 mg.) and 
1% ml. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 ml (60 mg.) in boxes of 25 and 
100, Each 1 mi. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 

Multiple dose vials of 10 mil., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 


(Winthrop) 


Injectable 


Talwin 


F  pentazocine 


(as lactate) 





(1593) 


The American Journal of CARDIOLOGY 


FEBRUARY 1973 èe VOLUME 31 èe NUMBER 2 


CONTENTS IN BRIEF 





171 
172 


182 
193 


202 
211 
220 


232 


245 


254 


260 


265 


273 


277 


282 


287 


290 
292 
293 


SYMPOSIUM ON THE MYOCARDIAL CELL 


Introduction. Ernest Page and Arnold M. Katz 


Quantitative Electron Microscopic Description of Heart Muscle Cells. Application to Normal, Hypertrophied and Thyroxin- 
Stimulated Hearts. Ernest Page and L. P. McCallister 


Action Potential and Contraction of Heart Muscle. Harry A. Fozzard and Walter R. Gibbons 


Calcium-Membrane Interactions in the Myocardium: Effects of Ouabain, Epinephrine and 3',5'-Cyclic Adenosine Mono- 
phosphate. Arnold M. Katz and Doris |. Repke 


Protein Synthesis and Turnover in Normal and Hypertrophied Heart. Murray Rabinowitz 
Cell Proliferation During Cardiac Growth. Radovan Zak 


Sinus Nodal Echoes. Clinical Case Report and Canine Studies. Rory W. Childers, Morton F. Arnsdorf, Domingo J. de la Fuente, 
Miguel Gambetta and Robert Svenson 


SPECIAL ARTICLE 


Atrioventricular and Intraventricular Conduction. Revised Nomenclature and Concepts. Hans H. Hecht, Charles E. Kossmann, 
Rory W. Childers, Richard Langendorf, Maurice Lev, Kenneth M. Rosen, Raymond D. Pruitt, Raymond C. Truex, Herman 
N. Uhley and Thomas B. Watt, Jr. 


CLINICAL STUDIES 


Electrophysiologic Studies in the Syndrome of Short P-R Interval, Normal QRS Complex. Anthony R. Caracta, Anthony N. 
Damato, John J. Gallagher, Mark E. Josephson, P. Jacob Varghese, Sun H. Lau and Edwin E. Westura 


EXPERIMENTAL STUDIES 


Experimental and Clinical Studies of Total Electrocardiographic Alteration. Daniel A. Brody, G. Daniel Copeland, John W. 
Cox, Jr., Francis W. Keller, James R. Wennemark and Otis S. Warr, III 


Influence of Pericardiectomy on Cat Right Ventricular Function After Pulmonary Arterial Constriction. Kirk H. Prindle, Jr., 
Herman K. Gold, G. David Beiser, Melvin L. Marcus and Stephen E. Epstein 


METHODS 


Quantitation of Experimental Aortic Regurgitation by Roentgen Videodensitometry. Götz Von Bernuth, Anastasios G. Tsakiris 
and Earl H. Wood 


HISTORICAL MILESTONES 

Thomas Jowett on Pericardiocentesis (1827). Sau! Jarcho 

CASE REPORTS 

Atrioventricular Block with Lidocaine Therapy. Edgar Lichstein, Kul D. Chadda and Prem K. Gupta 
EDITORIALS 


Hematologic Complications of Open Heart Surgery. Nathaniel Wisch, Robert S. Litwak, Salvador B. Luckban and Joseph L. 
Glass 


SPECIAL DEPARTMENTS 


Letters to the Editor 


Rapid Atrial Pacing in Conversion of Atrial Flutter - Wedensky Phenomena in Left Bundle Branch - Paul Wood Remembered - 
Left Atrial Myxoma and Transseptal Cardiac Catheterization 


Book Reviews 
Reviews in Cardiology 
College News 


Published monthly except July and November, semimonthly, by the Magazine Division, DUN - DONNELLEY PUBLISHING CORPORATION, 666 Fifth Ave., 


New York, N. Y. 10019. Price $3.00 a copy, Special/Symposia $5.00 a copy, $18.00 a year (Canada $19.00, Foreign $22.00). Second Class Postage 
paid at New York, N. Y. and additional mailing offices. 


continued on page A-11 
A-5 





der 


Is UNC 
catecholamine 


When 
the heart 
siege 








WAY vK A 





N Re 





P 


< 


v Ss 


A Qe VERA 


~/ 


SONNE 


RAS 


br Fo 


Fey 


p ‘ 
art. 
d 


w 
att 


> 
oY 





circulation is 
indicated... 


Candiassis 


EXTERNAL PRESSURE CIRCULATORY ASSIST 


A noninvasive — atraumatic — easily and quickly applied 
method of counterpulsation. 

For complete information write Medical Innovations, Inc., Dept. AJC 
332 Second Ave., Waltham, Massachusetts 02154. 
Telephone: (617) 890-4266. Cable: MEDINCORP, 
Waltham, Massachusetts, USA. 


See the Cardiassist™ external pressure Circulatory assist instrument 
demonstrated in Booth 529-531 at the 22nd annual Scientific Session of the 
American College of Cardiology, February 14 through 18 in San Francisco. 
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COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental! 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 





often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 
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AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


Ciel Elixir is 
otassium chloride... 
astes good too! 


exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
Cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to ~ 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


(OOPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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In the treatment of 
atrial fibrillation... 


it’s one thing to restore the rhythm 


ate D TD, < e 








It's another to maintain th 


How to brake the heart. The modern 
method of choice for conversion of atrial fibrillation 
to normal sinus rhythm is direct current countershock. 
Maintaining normal sinus rhythm—and maintaining 
the patient—is another matter. A “pharmacologic 
pacemaker” that has a fundamental antiarrhythmic 
action is Quinaglute® (quinidine gluconate). A specific 
for maintaining normal sinus rhythm, Quinaglute 
nas certain distinct advantages for long-term control: 


—~_ 


the unique Dura-Tab® construction permits 
jradual release of quinidine gluconate to maintain 
herapeutic quinidine plasma levels for 8 to 12 hours. 


the convenient 8 or 12 hour dosage schedule 
1elps avoid middle of the night dosage and early 
norning reversion. 


Quinaglute Dura-Tabs are well tolerated with 
ew gastrointestinal disturbances 


QUINAGLUTE Dura-Tabs: 


quinidine gluconate) 5 gr. (0.33 Gm.) ti 
“a pharmacologic pacemaker” p 
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defines more and more 
atients who should be spared 
the severe depressant effects of 
narcotic analgesics... 
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When circumstances call 
for a potent analgesic, 
vulnerability to the 
depressant effects 
(circulatory, respiratory, 
urinary ) of narcotics may 
be increased: 

in patients with 
e chronic illness 
e advanced age 


e chronic obstructive 
lung disease 


e pleural effusion 

e cirrhosis 

e myocardial 
infarction 

e prostatic 
hypertrophy 


in patients who have had 


e general anesthesia 

e considerable 
blood loss 

e muscle relaxants 
for surgery 


„and in many other 
patients 


when depression of 
respiration, circulation, 
or urinary retention 
should be minimized. 


ion 


Injectable 





0 


Sq pentazo 
IS . 


growing 


Talwin 


cine 


(as lactate) 





Talwin® provides analgesic 
efficacy comparable to that 

of morphine and meperidine, 

but with fewer significant 

adverse effects: 


Compared to morphine, Talwin 
causes less severe respiratory 

depression, hypotension, urinary 

retention, constipation. 


Talwin is less likely to cause 
nausea, vomiting, diaphoresis 
than meperidine. 


Tolerance to analgesic effect has 
not been reported. 


Not subject to narcotic controls. 


See next page for a discussion of 
warnings, precautions, adverse 
reactions and other Prescribing 
Information. 
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Talwin® 
3rand of pentazocine (as lactate) 
Analgesic for Parenteral Use 











Available in 
30mg., 45 mg., and 60mg. 
strengths: 


little, if any, increase in incidence or 
severity of adverse reactions reported 
with increased doses of 45mg. or 60mg. 


Indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and as 
a supplement to surgical anesthesia. 
Contraindications: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Head Injury and Increased Intra- 
cranial Pressure. The respiratory depressant 
effects of Talwin and its potential for elevat- 
ing cerebrospinal fluid pressure may be 
markedly exaggerated in the presence of head 
injury, other intracranial lesions, or a preex- 
isting increase in intracranial pressure. Fur- 
thermore, Talwin can produce effects which 
may obscure the clinical course of patients 
with head injuries. In such patients, Talwin 
must be used with extreme caution and only 
if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other 
than those that occur with commonly used 
analgesics. Talwin should be used with cau- 
tion in women delivering premature infants. 
Drug Dependence. Special care should be ex- 
ercised in prescribing pentazocine for emo- 
tionally unstable patients and for those with a 
history of drug misuse. Such patients should 
be closely supervised when long-term therapy 
is contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, 
rarely, in patients without such a history. Ab- 
rupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, dis- 
continuance has been accomplished with mini- 
mal difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, 
reinstitution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient’s symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of 
injection by the patient and to prevent the use 
of the drug in anticipation of pain rather than 
for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Acute CNS Manifestations. Patients receiving 


against pain 


of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of 
hours. The mechanism of this reaction is not 
known. Such patients should be very closely 
observed and vital signs checked. If the drug 
is reinstituted it should be done with caution 
since the acute CNS manifestations may recur. 
Usage in Children. Because clinical experi- 
ence in children under twelve years of age is 
limited, the use of Talwin in this age group is 
not recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, 
ambulatory patients should be warned not to 
operate machinery, drive cars, or unneces- 
sarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of 
the biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
receiving narcotics have experienced mild 
withdrawal symptoms after receiving Talwin. 
CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
such patients in association with the use of 
Talwin although no cause and effect relation- 
ship has been established. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic includ- 
ing local: diaphoresis, sting on injection, 
flushed skin including plethora, dermatitis in- 
cluding pruritus; other: urinary retention, head- 
ache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
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mic: blurred vision, nystagmus, Ulpiupia, mney 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 
the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., the 
upper outer quadrants of the buttocks, mid- 
lateral aspects of the thighs, and the deltoid 
areas) is recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve years 
of age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates be- 
cause precipitation will occur. 

Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment, Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan 
are not effective antidotes for respiratory de- 
pression due to overdosage or unusual sensi- 
tivity to Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a spe- 
cific and effective antagonist. If naloxone is 
not available, parenteral administration of the 
analeptic, methylphenidate (Ritalin®), may be 
of value if respiratory depression occurs. 
Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 mi. (30 mg.) and 
11⁄2 ml. (45 mg.) in boxes of 10, 25, and 100. 
Ampuls of 2 mi (60 mg.) in boxes of 25 and 
100. Each 1 ml. contains Talwin (brand of pen- 
tazocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for in- 
jection. 

Multiple dose vials of 10 ml., each 1 ml. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
_ placed by nitrogen gas. 


| Winthrop Laboratories, New York, N.Y. 10016 
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Meet 154 members of the Ossining Fire Department- 
78 of them may have elevated lipid levels. 


Volunteers screened for serum 
cholesterol above 250 mg. and/or 
serum triglycerides above 150 mg.% 


Recently, members of the Ossining, New 
York Volunteer Fire Department and its 
women’s auxiliary cooperated in a one-time 
screening program* to determine their lipid 
levels.! These were people representative of 
most American communities—businessmen, 
teachers, shopowners, professional men, 
craftsmen, and housewives. And from the 
tabulation of the single-test results among 
these typical men and women, three strik- 
ing findings emerge: the prevalence of 
cholesterol levels above 250 mg.% and tri- 
glyceride levels above 150 mg.%, the un- 
awareness of their existence, and the early 
age of test subjects in whom they were 


found. 


Incidence of such levels—50.6%; 
unawareness almost universal 


Of the 154 subjects tested, 78 (50.6% 
were found to have serum cholesterol levels 
above 250 mg.% and/or triglyceride lev- 


*Important Note: A single determination is not 
sufficient to establish the diagnosis of hyper- 
lipidemia. 


els above 150 mg.%. In only 7 of these 78 
did cholesterol levels alone exceed the spec- 
ified value. Both cholesterol and triglycer- 
ides were higher in 23 individuals, while 
triglycerides alone proved higher than the 
specified value in the remaining 48 persons. 

Of the 78 Ossining subjects noted above, 
75 had not known about their lipid values. 
This finding is consistent with that of Stam- 
ler et al.,2 who report that a majority of the 
millions with elevated serum cholesterol 
are entirely unaware of its presence because 
they have never been tested for it. A fur- 
ther note of interest : 44 of these 78 subjects 
were below the age of 40. 


The importance of testing for both 
cholesterol and triglycerides 


The Ossining program only demonstrates 
the prevalence of cholesterol levels above 
250 mg.% and/or triglyceride levels above 
150 mg.%, and is in no way intended to 
imply a clinical evaluation. It also indicates 
the importance of evaluating both choles- 
terol and triglyceride levels. For example, 
had the Ossining volunteers been checked 
only for cholesterol, triglyceride levels 
have been 


above 150 mg.% would not 


found in 71 individuals. 


The significance of the Ossining 
volunteers: they're like the patients 
you see every day 


The U.S. Public Health Report (1967 
using one parameter of measurement, es’ 
mated that 1 out of 5 Americans over t 
age of 17 has a serum cholesterol lev 
higher than 260 mg.%.® As the Ossinu 
tests suggest, cholesterol represents only o; 
factor in the overall assessment of seru 
lipid levels, which includes triglyceri 
concentrations as well.*” 

So in your own practice when you test. 
test for both serum cholesterol and trigly 
eride levels. 
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will be detected if both cholesterol and triglyceride levels are determined. 


Whether serum cholesterol alone is elevated... 
triglycerides alone are elevated... 


or both are elevated 





The most widely prescribed 
lipid-lowering agent: 9 years 
of clinical experience 

When adequately repeated baseline studies 
reveal significantly high serum cholesterol 
and/or triglycerides, an attempt should first 
ze made to reduce them by means of appro- 
priate dietary restrictions. When the re- 
ponse to diet is inadequate, initiate 


ATROMID-S therapy. 


Clinical experience has 
shown that in responsive 


yatients 
cholesterol levels above 250 mg./100 ml. 
(mg.%) have decreased as much as 35 
percent... and reductions up to 50 per- 
cent have been reported® 

' triglyceride levels above 150 mg./100 ml. 
(mg.%) have decreased as much as 61 
percent ... and reductions up to 90 per- 
cent have been reported® 
the higher the initial level the greater 
the reduction 
lipid-lowering effect is usually noted dur- 
ing the first month of therapy 













AN IMPORTANT NOTE: Ithas 
not been established whether the drug- 
induced lowering of serum cholesterol 
or lipid levels has a detrimental, bene- 
ficial, or no effect on the morbidity or 
mortality due to atherosclerosis or cor- 
onary heart disease. Several years will 
be required before current investiga- 
tions will yield an answer to this 
question. 






Atromid-S 


Brand of 


clofibrate 


The importance of maintaining 
Q.1.D. dosage 


Once elevated serum cholesterol and/or 
elevated serum triglycerides have been re- 
duced, a reduction in dosage may result in a 
renewed rise in lipid levels. Therefore, one 
simple dosage regimen is recommended for 
all patients at all times. Start and maintain 
therapy with one capsule (500 mg.) Q.I.D. 


Eight year study demonstrates 
continued control 

of hyperlipidemia’ 

Because of its persistent nature, hyperlip- 
idemia requires continued therapy. It is 
important, therefore, that the prescribed 
anti-hyperlipidemic agent maintain effec- 
tive control over serum lipid levels. 

Fifty responsive hyperlipidemic patients 
were treated with ATROMID-S, 2 Gm. 
daily for six to eight years. Cholesterol 


alone was elevated in 8 patients, while bot! 
cholesterol and triglyceride were elevatec 
in the remaining 42. The group comprisec 
28 women and 22 men whose ages range 
from 41 to 65 years. Normalization or sub: 
stantial reduction of elevated serum level: 
of cholesterol and/or triglycerides occurrec 
in each patient and was maintained through: 
out the entire period of treatment. 
According to the investigator, “Our datz 
indicate that clofibrate (ATROMID-S®) 
is a potent hypolipidemic agent which may 
be administered continuously for long peri- 
ods of time without any decrease in its ef- 
fectiveness. . . .”7 He further states : “With 
this agent, normalization of the cholesterol 
or triglyceride levels or both may be ex- 
pected. ...”T 


Visible evidence of 
effectiveness 


In the presence of xanthomata due te 
excessively high serum lipid levels 
ATROMID-SS frequently provides visible 
evidence of its effectiveness. In some pa 
tients xanthomatous lesions disappear com- 
pletely, while in others their size and/o1 
numbers are reduced. 


If Given In Conjunction With 
Anticoagulants 

WARNINGS: CAUTION SHOULD BE EX- 
ERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE 
ANTICOAGULANT SHOULD BE RE- 
DUCED USUALLY BY ONE-HALF (DE- 
PENDING ON THE INDIVIDUAL CASE) 
TO MAINTAIN THE PROTHROMBIN 
TIME AT THE DESIRED LEVEL TO PRE- 
VENT BLEEDING COMPLICATIONS. 
FREQUENT PROTHROMBIN DETERMIN- 
ATIONS ARE ADVISABLE UNTIL 
IT HAS BEEN DEFINITELY DETER- 
MINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


Average reduction in lipid levels maintained throughout eight year study’ 


Mean Value of 
CHOLESTEROL 


inmg./' 





I YEAR 
(50 Patients) 









6 YEARS 7YEARS 8YEARS 
(50 Patients) (49 Patients) (32 Patients) 





Mean Value of 
~~ TRIGLYCERIDES ~ 


inmg./‘ 





Adapted from Berkowitz? 


6 YEARS 7YEARS 8 YEARS 
(42 Patients) (42 Patients) (29 Patients) 


More than9 years of successful 
clinical experience 





BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 

BRAND OF 


ATROMID-S clofibrate 


Antilipidemic agent for reduction 
of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as ad- 
junctive therapy to diet and other measures for 
the reduction of elevated serum cholesterol (es- 
pecially the beta lipoprotein fraction) and/or 
triglycerides. Clofibrate appears to have a great- 
er depressant effect on the very low density 
lipoproteins (S; 20-400) rich in triglycerides 
than the low density lipoproteins (S; 0-20) rich 
in cholesterol. 

ATROMID-S is also indicated for treatment of 
patients with xanthoma tuberosum associated 
with hyperlipidemia. The »<in lesions frequently 
regress with clofibrate. 

It has not been established whether the drug- 
induced lowering of serum cholesterol or lipid 
levels has a detrimental, beneficial, or no effect 
on the morbidity or mortality due to athero- 
sclerosis or coronary heart disease. Several years 
will be required before current investigations 
will yield an answer to this question. 
CONTRAINDICATIONS: Clofibrate is con- 
traindicated in pregnant women. While tera- 
togenic studies have not demonstrated any effect 
attributable to clofibrate, it is known that serum 
of the rabbit fetus accumulates a higher concen- 
tration of clofibrate than that found in mater- 
nal serum, and it is possible that the fetus may 
not have developed the enzyme system required 
for the excretion of clofibrate. 

It is contraindicated in lactating women since it 
is not known if clofibrate is secreted in the milk. 
It is contraindicated in patients with clinically 
significant hepatic or renal dysfunction. 

It is contraindicated in patients with primary 
biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases. 
WARNINGS: CAUTION SHOULD BE EX- 
ERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE AN- 
TICOAGULANT SHOULD BE REDUCED 
USUALLY BY ONE-HALF (DEPENDING 
ON THE INDIVIDUAL CASE) TO MAIN- 
TAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEED- 
ING COMPLICATIONS. FREQUENT PRO- 
- THROMBIN DETERMINATIONS ARE AD- 
VISABLE UNTIL IT HAS BEEN DEFINITE- 
LY DETERMINED THAT THE PROTHROM- 
BIN LEVEL HAS BEEN STABILIZED. 


ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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Strict birth control procedures must be exer- 
cised by women of childbearing potential. In 
patients who plan to become pregnant, clofibrate 
should be withdrawn several months before con- 
ception. Because of the possibility of pregnancy 
occurring despite birth control precautions in 
patients taking clofibrate, the possible benefits 
of the drug to the patient must be weighed 
against possible hazards to the fetus. 
PRECAUTIONS: Before instituting therapy 
with clofibrate, attempts should be made to con- 
trol serum lipids with appropriate dietary regi- 
mens, weight loss in obese patients, control of 
diabetes mellitus, etc. 

Because of the long term administration of a 
drug of this nature, adequate base line studies 
should be performed to determine that the pa- 
tient has significantly elevated serum lipid levels. 
Frequent determinations of serum lipids should 
be obtained during the first few months of 
ATROMID-S (clofibrate) administration, and peri- 
odic determinations thereafter. The drug should 
be withdrawn after three months if response is 
inadequate. However, in the case of xanthoma 
tuberosum, the drug should be employed for 
longer periods (even up to one year) provided 
that there is a reduction in the size and/or num- 
ber of the xanthomata. 

Subsequent serum lipid determinations should 
be done to detect a paradoxical rise in serum 
cholesterol or triglyceride levels. Clofibrate will 
not alter the seasonal variations of serum cho- 
lesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the 
drug is discontinued, the patient should be 
placed on an appropriate hypolipidemic diet, 
and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above 
the original base line may occur. 

During clofibrate therapy, frequent serum trans- 
aminase determinations and other liver function 
tests should be performed since the drug may 
produce abnormalities in these parameters. He- 
patic biopsies are usually within normal limits. 
These effects are usually reversible when the 
drug is discontinued. If the hepatic function 
tests steadily rise or show excessive abnormali- 
ties, the drug should be withdrawn. Therefore 
use with caution in those patients with a past 
history of jaundice or hepatic disease. 
Clofibrate may produce “flu like” symptoms 
(muscular aching, soreness, cramping). The 
physician should differentiate this from actual 
viral and/or bacterial disease. 

Use with caution in patients with peptic ulcer 
since reactivation has been reported, Whether 
this is drug-related is unknown. 

The physician should monitor the patient with 
complete blood counts since peripheral anemia 
and, more frequently, leukopenia have been 
reported in patients who have been taking clo- 
fibrate. Whether these are drug-related is un- 
known. 

Various cardiac arrhythmias have been reported 
with the use of clofibrate. 

Several investigators have observed in their stud- 
ies that clofibrate may produce a decrease in 
cholesterol linoleate but an increase in palmito- 
leate and oleate, the latter being considered 
atherogenic in experimental animals. The sig- 
nificance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent re- 
actions, the most common is nausea. Less fre- 
quently encountered gastrointestinal reactions 
are vomiting, loose stools, dyspepsia, flatulence, 
and abdominal distress. Reactions reported less 
often than gastrointestinal ones are headache, 
dizziness, and fatigue; muscle cramping, aching, 
and weakness; skin rash, urticaria, and pruritus. 
There have been occasional cases of dry, brittle 
hair and of alopecia. 


The following reported adverse reactions are 
listed alphabetically by systems: 
Cardiovascular 
Cardiac arrhythmias 
Both swelling and phlebitis at site of 
xanthomas 
Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, 
abdominal distress ) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as 
evidenced by dysuria, hematuria, 
proteinuria, decreased urine output. One 
patient’s renal biopsy suggested “allergic 
reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by 
increased transaminase (SGOT and SGPT), 
BSP retention, and increased thymol 
turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct rela- 
tionship with the drug has not been established: 
increased angina, peptic ulcer, gastrointestinal 
hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythema- 
tosus, blurred vision. 
DOSAGE AND ADMINISTRATION: Adult 
Dose: The recommended dosage for adults is 
one capsule (500 mg.) four times daily. 
In Children: Insufficient studies have been done 
in children to show safety and efficacy. 
DRUG INTERACTIONS: Caution should be 
exercised when anticoagulants are given in con- 
junction with ATROMID-S (clofibrate). The dos- 
age of the anticoagulant should be reduced usu- 
ally by one-half (depending on the individual 
case) to maintain the prothrombin time at the 
desired level to prevent bleeding complications. 
Frequent prothrombin determinations are ad- 
visable until it has been definitely determined 
that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While 
there has been no reported case of overdosage, 
should it occur, symptomatic supportive mea- 
sures should be taken. 
HOW SUPPLIED: ATROMID-S—No. 243—Each 
cre contains 500 mg. clofibrate, in bottles 
of 100. 
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O Comfortable evacuation helps avoid C Virtually free of side effects at recom- 
dangerous straining mended dosage levels 

O Gentle neuroperistaltic stimulationis [© Overnight laxative action permits 
mediated through the Auerbach’s plexus uninterrupted sleep 

in the colon DOSAGE: (preferably at bedtime)— 

O Relieve constipation in patients tak- Adults: 2 tablets (max. 4 tablets b.1.d.). 
ing ganglionic-blocking agents, diuretics, | SUPPLIED: Bottles of 50 and 100 tablets. 


barbiturates, or tranquilizers 
O Effective oral therapy elim- 
inates enemas or suppositories 
(rectal manipulations are 
undesirable in myocardial 
infarction) 


Purdue Frederick 


Senokot lablets 


(standardized senna concentrate) 
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CLINICAL STUDIES 


295 Altered Hemoglobin Oxygen Affinity in Patients with Acute Myocardial Infarction 
WILLIAM J. KOSTUK, KUNIO SUWA, EUGENE F. BERNSTEIN and BURTON E. SOBEL 


Shifts in the oxyhemoglobin dissociation curve in patients with acute myocardial infarction may facilitate 
oxygen availability to marginally perfused myocardium and must be taken into account when arteriovenous 
oxygen differences are calculated on the basis of Pso or hemoglobin oximeter determinations. 


300 Depressed Inotropic State and Reduced Myocardial Oxygen Consumption in the Human Heart 
PHILIP D. HENRY, DWAIN ECKBERG, JAMES H. GAULT and JOHN ROSS, Jr. 


This 


study, using an improved inert gas washout technique to examine the relation between cardiac me- 


chanics and myocardial oxygen consumption, demonstrates the importance of the contractile state of the 
myocardium as a determinant of myocardial oxygen consumption in man. 


307 Immediate Hemodynamic Effects of Cardiac Angiography in Man 
KARL E. HAMMERMEISTER and J. RICHARD WARBASSE 


Major hemodynamic changes secondary to intracardiac contrast injections begin about 15 to 30 seconds 
after administration. Measurements based on angiographic left ventricular volumes in the first 3 to 5 
cardiac cycles are therefore valid and correspond closely to those of the control state. 


315 Hemodynamic Study of 85 Patients with Borderline Hypertension 


MICHEL E. SAFAR, YVES A. WEISS, JAIME A. LEVENSON, GERARD M. LONDON and 
PAUL L. MILLIEZ 


This 


study of 40 normal and 85 hypertensive patients demonstrates that total peripheral resistance is 


abnormal in those with borderline hypertension, but only during upright tilt position and exercise in subjects 


with 


high cardiac index. In the early stage of hypertension, abnormality of blood volume and impaired 


neurogenic activity constitute 2 major disorders. 


320 Effects of Ouabain and Diphenylhydantoin on Myocardial Potassium Balance in Man 
JOHN L. McCANS, F. JAMES BRENNAN, MIGUEL A. CHIONG and JOHN O. PARKER 


Myocardial potassium balance and hemodynamics were studied in 19 patients before and after the ad- 
ministration of diphenylhydantoin alone and of ouabain after pretreatment with diphenylhydantoin. The 
data are compatible with theories of digitalis action that associate the inotropic effect with the inhibition of 
membrane sodium- and potassium-activated adenosine triphosphatase. They also indicate that diphenyl- 
hydantoin acts on the heart by some mechanism other than stimulation of adenosine triphosphatase. 
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Holter DCG Monitoring Case History No.15 
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A 53-year-old male physician with a history of coronary 
artery disease had symptoms consistent with a recurrent 
tachyarrhythmia which was not confirmed by routine elec- 


tachycardia, and abnormal repolarization. At 5:00 P.M. (see 
second strip) the onset of a supra-ventricular tachyarrhyth- 
mia occurred and did not subside until 5:25. During this 


trocardiography. Therefore, the attending physician ordered 
a continuous, 12-hour dynamic electrocardiogram (DCG). 


entire episode, the patient was watching a basketball game 
on T.V. and was completely asymptomatic. However, the 
continuous DCG recording confirmed the attending physi- 


During the first 17 hours, the recording demonstrated occa- cian’s suspicions of serious arrhythmia. 


sional multifocal ventricular premature complexes, sinus 





Courtesy of Cardio-Dynamics Laboratories, Inc. 


Now Available To Every Physician... 


DYNAMIC ELECTROCARDIOGRAPHY"(DCG) 
WITH THE AVIONICS-HOLTER SYSTEM 


24-hour ECG 24-minute scan 
recorder for of ECG tape 
ambulatory recording plus 
patients standard ECG 


documentation 
of abnormalities 





e Post MI Follow-Up 
e Phantom Chest Pains and Dizziness 
e Pacemaker Evaluation 


e Evaluation of Drug Administration 
e Ease of Operation 
e Ease of Economic Justification 


For more information, return the coupon below. 
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C] Please send me the literature. | would like to know more about Holter monitoring and 
the Avionics Dynamic Electrocardiographic Systems. 


O Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 


Name and Title 
Organization 
Address 
City 
AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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327 Tritiated Digoxin. XIX. Turnover Studies in Diabetes Insipidus 


JOE K. BISSETT, JAMES E. DOHERTY, WILLIAM J. FLANIGAN, GLENN V. DALRYMPLE with 
the technical assistance of JACQUELYN GAMMILL and JOYCE SHERWOOD 


This study of 2 patients with nephritogenic diabetes insipidus and urinary volume in excess of 9 liters / 
24 hours indicates that urinary excretion of digoxin is not volume-related. 


EXPERIMENTAL STUDIES 


331 Sinus Slowing Produced by Experimental Ischemia of the Sinus Node in Dogs 
JACQUES BILLETTE, VICTOR ELHARRAR, GERALD PORLIER and REGINALD A. NADEAU 


The effects on heart rate and rhythm of acutely impeding the blood supply to the sinus node in 18 anes- 
thetized dogs appear to be related to the ischemia rather than to activation of coronary stretch-sensitive 
receptors or to local or reflex activation of cholinergic nerve terminals in the sinus node. 


336 Experimental Myocardial Infarction. IX. Efficacy of Hyperbaric Oxygenation in Ventricular Failure 
After Coronary Occlusion in Intact Conscious Dogs 


DAVID P. GILMOUR, WILLIAM B. HOOD, Jr., RAJ KUMAR, PANAYIOTIS J. ASIMACOPOULOS, 
JOHN C. NORMAN and WALTER H. ABELMANN 


Hyperbaric oxygenation did not improve left ventricular function impaired by experimental myocardial 
infarction in 6 intact, conscious dogs, even though given when the ischemic lesion was potentially 
reversible. 


METHODS 


344 Isometric Effects on Treadmill Exercise Response in Healthy Young Men 
DAVID H. JACKSON, T. JOSEPH REEVES, L. THOMAS SHEFFIELD and JOHN BURDESHAW 


A weight in the right hand caused a greater statistically significant increase in the rate of rise and peak 
levels of systolic blood pressure, heart rate, estimated mean blood pressure and other values than did a 
similar weight carried on the back or in two hands, thus suggesting the importance of load distribution in 
patients with cardiac disease. The effects of isometric and dynamic exercise combined exceeded those of 
dynamic exercise alone. These effects of isometric exercise on the cardiovascular system may explain 
the syndrome of “airport angina.” 


351 “Floating” Catheter for Temporary Transvenous Ventricular Pacing 
ROBERT N. SCHNITZLER, ANTHONY R. CARACTA and ANTHONY N. DAMATO 


A new flow-directed balloon electrode catheter provided reliable right ventricular pacing in 15 of 17 pa- 
tients. The catheter can be passed percutaneously, or by cut-down procedure, at the bedside under elec- 
trocardiographic control and was successful in 6 cases when other semi-floating electrodes failed. 
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its a good feeling to know 
Roche is doing the monitoring 


Series 4000 Patient Monitoring Systems... 
another link in a growing line of 
innovative medical electronic 
instrumentation from Roche. 


developed by 

the Roche research and 
development group, probably 
now the largest and most active 
in the medical electronics 
industry. 


clinically tested 

for performance, reliability, and 
operational practicality under 
hospital conditions by the Roche 
medical staff. 


manufactured by Roche, 

with the same kind of quality 
control that established the Roche 
name in medicine. 


serviced by Roche, 

7 days a week, anywhere in 

the country. | 

backed by Roche, | 


a company firmly committed to pioneering in advanced care 
for the critically ill. 


as 





the performance 

of the most modern 
electronics, from bedside 
monitors to central 
Stations to auxiliary 
equipment to fully 
computerized systems. 


the reliability 

already established by 
Roche in such unique 
systems as the AVCO 
Intra-Aortic Balloon 
Pump, Arteriosonde® 
ultrasonic instruments for 
indirect measurement of 
blood pressure and the 
Fetasonde® 2100 Fetal 
Monitoring System. 


the safety 

assured by the kind of 
quality control and 
technical accuracy that 
goes into every Roche 
product. 


the economy 
inherent in systems 
designed for flawless 
performance year in 
and year out. 








af <e the versatility 


of plug-in modules and interchangeable units. 
Modular digital readouts, for example, are switched 
easily to meet any monitoring need, ranging from 


_ multiple parameters for a single patient to one 


parameter each for any number of patients. 


Roche systems are made to give you a new level of 
confidence in patient care. Add it all up. Wouldn't it 
be a good feeling to know Roche is doing the mon- 
itoring for you? Write to us now for literature which 
fully describes the many advantages of Roche patient 
monitoring systems. 
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REPORTS ON THERAPY 


355 Minoxidil in Severe Hypertension with Renal Failure. Effect of Its Addition to Conventional 
Antihypertensive Drugs 


CONSTANTINOS J. LIMAS and EDWARD D. FREIS 


Minoxidil, one of the newest vasodilators, related most closely to hydralazine, acts directly on the vascular 
wall to reduce severe hypertension. Given to 9 uremic patients with severe hypertension uncontrollable 
with currently available drugs, this agent proved effective and safe. 


REVIEWS 


362 Alternative Mechanisms of Apparent Supernormal Atrioventricular Conduction 
JOHN J. GALLAGHER, ANTHONY N. DAMATO, P. JACOB VARGHESE, ANTHONY R. CARACTA, 
MARK E. JOSEPHSON and SUN H. LAU 


This study using recordings of the specialized conducting tissues and programmed premature atrial stim- 
ulation in man provides alternative explanations for clinical examples of apparent supernormal conduction. 
These are based on the electrophysiologic conduction characteristics of the atrioventricular nodal and His- 
Purkinje systems. 


CASE REPORTS 


372 Pulmonary Arterial Stenosis with Wide Splitting of the Second Heart Sound Due to Mediastinal 
Fibrosis 


FRANCISCO G. COSIO, FREDARICK L. GOBEL, DONALD P. HARRINGTON and YOSHIO SAKO 
Extensive fibrotic mediastinitis completely obstructed the left main pulmonary artery and partially occluded 
the pulmonary artery to the right lower lobe, producing pulmonary hypertension and a widely split second 


heart sound in a 48 year old man. After surgical intervention there was little change in symptoms or physi- 
cal findings. | 


377 Thymic Cyst Simulating Multiple Cardiovascular Abnormalities and Presenting with Pericarditis and 
Pericardial Tamponade 


GALT ALLEE, BRUCE LOGUE and KAMAL MANSOUR 


A thymic cyst, 22 by 10 cm, simulating multiple cardiovascular abnormalities and presenting with peri- 


carditis and pericardial tamponade, was surgically removed from a 50 year old man with good results. 
Symptoms, murmur and electrocardiographic abnormalities disappeared after surgery. 


381 Right-Sided Heart Failure in Aortic Stenosis 


LAWRENCE GOULD, K. VENKATARAMAN, M. GOSWAM!, ANTHONY DeMARTINO and 
ROBERT F. GOMPRECHT 


Over a period of 18 months fatal right ventricular failure resulted from severe pulmonary hypertension 
caused by left-sided heart failure in a 39 year old woman with calcific aortic stenosis. 
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Atrial F Fibrillation 
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Paroxysmal Atrial Tachycardia 
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To convert to normal sinus rhythm, 
and maintain...and maintain... and maintain... 


ARDIOQUIN tablets 


(quinidine polygalacturonate) 


Low B.LD. or T.I.D. dosage in most cases 
Greater G.I. tolerance 
Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 
atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 
fibrillation; established atrial fibrillation when therapy is appropriate; paroxysmal ventricular tachycardia when not associated with 
complete heartblock: maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 
treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 
adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 
increased by ¥2 to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 
nance, one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED:. 
Uncoated, scored tablets in bottles of 50. 


E PURDUE FREDERICK 


© COPYRIGHT 1972, 1973, THE PURDUE FREDERICK COMPANY/NORWALK, CONN, 06856 86621 123273 
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384 Traumatic Aneurysm of Left Anterior Descending Coronary Artery with Fistulous Opening into Left 
Ventricle and Left Ventricular Aneurysm After Stab Wound of Chest. Report of Case with Successful 
Surgical Repair 


TSUNG O. CHENG and PAUL C. ADKINS 
After a stab wound of the chest, a 38 year old man had an aneurysm of the left anterior descending artery, 


a coronary arteriocameral fistula into the left ventricle and a ventricular aneurysm, all of which were suc- 
cessfully repaired 4 years after the injury. 


391 Posttraumatic Coarctation of the Aorta. Diagnostic Clues 
JOHN S. GRIFFIN, JOHN L. OCHSNER and P. JEFFREY BOWER 


Apa 


Reduced femoral pulse volume and blood pressure differences between the arms and legs, subtle clues of 
acquired coarctation of the aorta, led to early retrograde aortography and successful corrective surgery 
for posttraumatic rupture of the aorta in a 16 year old boy. 


393 Dysfunction of the Beall Mitral Prosthesis and Its Detection by Cinefluoroscopy and 
Echocardiography 


PHILIP B. OLIVA, MICHAEL L. JOHNSON, MARVIN POMERANTZ and ARTHUR LEVENE 
A 1 mm difference in disc excursion between the superior and inferior aspects of a Beall mitral valve pros- 
thesis, detected with the use of ultrasound, led to the clinical diagnosis of dysfunction of the valve because 


of thrombus formation. Contact between the superior edge of the valve and adjacent myocardium may 
have contributed to the formation of thrombus on the ventricular side of the disc. 


DIAGNOSTIC SHELF 
397 Atrioventricular Junctional Parasystole with Concealed Conduction Simulating Second Degree 
Atrioventricular Block 
ALAN E. LINDSAY and LEO SCHAMROTH 


Differential refractoriness of upper and lower common atrioventricular (A-V) pathways was probably 
responsible for the false second degree A-V block produced by A-V junctional parasystole in a 32 year 
old man. 


¥ 


EDITORIALS 


400 Relation Between Premature Ventricular Complexes and Development of Ventricular Tachycardia 
SELVYN B. BLEIFER, HAROLD L. KARPMAN, JOSEPH J. SHEPPARD and DANIEL J. BLEIFER 


continued 





Innovators of Sophisticated but Practical 
Diagnostic Systems to Help You Provide 
Better Patient Care Economically 


1. Dynamic Electrocardiographic Systems — Avionics Electrocardiocorders (Holter monitors) are 
available for continuous DCG recording of heart action of active ambulatory patients for 
periods of 4 to 24 hours, without changing tapes or batteries. Associated scanning equipment 
and/or services are also available. 


2. Stress Test Systems — Avionics treadmills, exercise telemetry, and compact monitors including 
scope, heart rate meter, S-T segment computer, strip-chart recorder, and automatic 
programmer are available for stress testing. 


3. Respiratory Gas Analyzer System — Now available from Avionics is a totally automatic compact 
system that provides a computerized minute-by-minute update of respiratory functions 
during physical stress testing. 


4. Automatic Blood Pressurometers — Avionics offers continuous, automatic Blood Pressure 
Monitors with five precalibrated sensitivity ranges for taking blood pressure across the complete 
spectrum of patient conditions ranging from stress testing to shock. 


[C] Please send literature on above items(s) (1)_ ene ns Ee 


[} Contact me for a demonstration. 
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AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 

Del Mar Engineering Laboratories 
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The full treatment. 
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In strep throat, 
10 days’ penicillin 
with one injection. 


At least 10 days’ penicillin therapy is deemed 
necessary in mild to moderate group A 
streptococcal pharyngitis (without bacteremia) to 
eradicate the streptococcus and preclude the 
onset of rheumatic fever. * 


Fortunately, 10 days’ therapy can be insured very 
simply and without risk of missed doses. Through 
a single injection of Bicillin Long-Acting (sterile 
benzathine penicillin G suspension), considered 
by authorities a method of choice. 

tRheumatic Fever Committee of the Council on Rheumatic 


Fever and Congenital Heart Disease of the American Heart 
Association. 









Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum 
levels common to this dosage form. Therapy should be guided by 
bacteriological studies (including sensitivity tests) and clinical 
response. 

The following infections usually respond to adequate dosage of 
IM benzathine penicillin G. 
Streptococcal infections (Group A—without bacteremia). Mild to 
moderate upper respiratory infections (e g., pharyngitis). 
Venereal infections__Syphilis, yaws, bejel, and pinta. 

Medical Conditions in which Benzathine Penicillin G Therapy is 
indicated as Prophylaxis: 
Rheumatic fever and/or chorea—Prophylaxis with benzathine 
penicillin G has proven effective in preventing recurrence of these 
conditions. It has also been used as followup prophylactic therapy 
for rheumatic heart disease and acute glomerulonephritis. 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. 


Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins. 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history 
of penicillin hypersensitivity. Before penicillin therapy, carefully 
inquire into previous hypersensitivity to penicillins, cephalosporins 
and other allergens. If allergic reaction occurs, discontinue drug and 
treat with usual agents, e.g., pressor amines, antihistamines and 
corticosteroids. 

Precautions: Use cautiously in individuals with histories of 
significant allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or 
near major peripheral nerves or blood vessels, since such injection 
may produce neurovascular damage. 

*In streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequalae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of 
nonsusceptible organisms including fungi. Take appropriate measures 
if superinfection occurs. 

Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and 
other serum sickness reactions, laryngeal edema and anaphylaxis. 
Fever and eosinophilia may frequently be only reaction observed. 
Hemolytic anemia, leucopenia, thrombocytopenia, neuropathy and 
nephropathy are infrequent and usually associated with high 
parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has 
been reported. 

Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc.—10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. polyvinyl- 
pyrrolidone, 1 mg. carboxymethyicellulose, 0.5 mg. sorbitan 
monopalmitate, 0.5 mg. polyoxyethylene sorbitan monopalmitate, 
0.14 mg. propylparaben and 1.2 mg. methylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) 
Wyeth, packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. 
single-dose disposable syringe; 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate 
buffer and, as w/v, approximately 0.5% lecithin, 0.4% carboxy- 
methylcellulose, 0.4% polyvinylpyrrolidone, 0.01% propyliparaben 
and 0.09% methylparaben. 


INJECTION 


® nls f 
Biciliin onore 


(sterile benzathine 
penicillin G suspension) 
Wyeth Laboratories Philadelphia, Pa. 
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If you could see what 
aldosterone is doing 

in your essential 
hypertension patients... 
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Hypertensive patients appear to overreact to 
aldosterone. While aldosterone normally helps 
regulate blood pressure levels,'? it produces a 
greater increase in vascular reactivity in hyperten- 
sives than in normotensives.? Thus “... normal 
production of aldosterone in patients with sustained 
hypertension may represent inappropriately high 
levels in relation to their hypertension.” 


A significant percentage of patients with essen- 
tial hypertension may have elevated aldosterone 
secretion levels. 


An increase in aldosterone secretion often 
follows treatment with thiazides. 


Potassium depletion often follows the secondary 
aldosteronism induced by thiazides. 


-youd see the reasons for 
starting antihypertensive 
treatment wit 













spironolactone 25 mg. with 
hydrochlorothiazide 25 mg. 
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Spironolactone is the only available direct He Eye Ne 
competitive aldosterone antagonist—and itap- yu Ve i AAN 
pears to block the action of aldosterone wherever VAATAN = 


aldosterone acts in the body.** 


À With ALDACTAZIDE, your patient benefits from 
additive antihypertensive actions. The antihyper- 
tensive effects of spironolactone and hydrochloro- 
thiazide are approximately equal,’ but are based 
on different physiologic mechanisms.*? 


It is important to note in this respect that triamterene 
has little or no antihypertensive action. 


* Special advantage for the hypertensive patient 
with potential diabetes or gout—Unlike thiazides, 
spironolactone lowers blood pressure without 
altering glucose or urate metabolism. In 
ALDACTAZIDE, the combination often permits a 
reduction in the dose-related hyperglycemic or 
hyperuricemic effect of the thiazide component. 


With ALDACTAZIDE, spironolactone helps 
maintain potassium balance. Potassium loss due 
to the thiazide component is minimized or 
eliminated. 


* Special advantage for the digitalized hypertensive 
patient—Preventing potassium loss is especially 
Critical in order to avert digitalis toxicity. Aldactazide 
should be given cautiously to patients with elevated 
serum potassium levels. Periodic determinations 
of serum potassium will guard against the possi- 
bility of either hyperkalemia or hypokalemia. 





IN VIVO 


The In Vivo part of this new system is a special purpose 
Swan Ganz™ Flow-Directed Right Heart Fiberoptic 
Catheter, jointly developed by Edwards 

Laboratories, the University of Washington 

Center for Bioengineering and Physio- 
Control. It contains plastic fibers for 
light transmission and a lumen for 
blood pressure measurement and 
sampling, and can be positioned 
within the chambers of the heart 

and the major arteries or veins. 
It is one of several 
catheters designed 
for use with the 
Physio-Control In 
Vivo Oximeter, the 
first completely solid-state 
instrument for measuring oxyhemo- 
y globin saturation at the tip of a catheter.! 















FINDING BETTER WAYS 
17221 Red Hill Avenue, Santa Ana, California 92705 


E EDWARDS LABORATORIES 
Division of American Hospital Supply Corporation 
E- Telephone 714-557-8910, Cable Address: EDSLAB 





OXIME TER: 


Ideal for intensive care units, cardiac surgery and cath- 

eterization laboratories, the Physio-Control In Vivo 

Oximeter is the first continuous oximeter available at a price 
(under $3,000) that makes its widespread clinical use a 

practical reality. Because of its compactness and ease of 

operation, we believe the Physio-Control In Vivo Oximeter to 

be superior to any other system available. You can purchase 

the complete system, including oximeter and catheters, 

_ from either Physio-Control Corp., or Edwards Laboratories. 

For more information write: Edwards Laboratories, Division 

of American Hospital Supply Corporation, 17221 Red Hill Avenue, 
Santa Ana, California 9270S. 
Telephone: (714) 557-8910, 
Telex: 68-5567; OR Physio- 
Control Corporation, 2607 
Second Avenue, Seattle, 
Washington 98121. 
Telephone: (206) 624-4824, 
Telex: 32-0166. 











IN VVO ONIME 


ee 





 Physio-Contro! 


‘Johnson, C.C., et al, “A Solid State Fiberoptics Oximeter ,”” JAAMI 5; No. 2, March-April, 1971. 


DIURETIC-INDUCED POTASSIUM LOSS 
MAY “DRAIN HER STRENGTH” 





SUPPLEMENT DIURETIC THERAPY WITH... 


ICLYTE on CLYTE GL 


potassium supplement potassium supplement with chloride 





Manifestations of potassium deficiency may range through a variety of signs 
and symptoms including muscular weakness and fatigue...cardiac alterations 
discernible by characteristic ECG tracings... impaired mental function and diminished 
reflexes...impaired respiration...anorexia and abdominal distention. 


The etiology of hypokalemia is also broad, encompassing a number of clinical 
conditions. But most important of all may be a course of treatment that causes 
excessive loss of body potassium—such as thiazide diuretics and corticosteroids. 


No matter what the etiology, the solution is usually potassium 
supplementation. 


What better way to supplement than with K-LYTE or K-LYTE/CL. Efferves- 
cent K-LYTE tablets supply the usually recommended dose of 50 mEq. potassium daily 
in just two tablets. When chloride is also desirable, K-LYTE/CL provides it in the pre- 
ferred 1:1 ratio to potassium. Both forms are accurate and reliable sources of electro- 
lyte replacement. Administration in “pre-dissolved” form reduces the potential for 
G.I. irritation. Finally, you have a choice of three delicious flavors—a taste of oranges, 
tangy lime or fruit punch—all good enough to drive a patient to drink. 





D Each effervescent tablet in ® Each dose of powder in 
kzi solution supplies 25 mEq. potas- ia ĝ solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 





Each tablet or dose must be completely dissolved before taking. 

Indications: K-Lyte and K-Lyte/Cl are oral potassium supplements for therapy or prophylaxis of potassium deficiency. 
Particularly useful when thiazide diuretics or corticosteroids cause excessive excretory potassium losses. Contraindica- 
tions: Impaired renal function with oliguria or azotemia; Addison’s disease; hyperkalemia from any cause. Warnings 
and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately, supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, 
and serum potassium level are desirable. In established hypokalemia, attention should also be directed toward other 
potential electrolyte disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. K-Lyte/Cl 
contains approximately 20-25 Calories of sucrose per dose which should be considered for patients with‘restriction of 
caloric intake. Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 
potassium salts. Dosage and Administration: Adults: 1 tablet or dose completely dissolved, 2 to 4 times daily, depending 
upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 to 4 ounces of cold or ice water; 
K-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold or ice water. The normal adult daily requirement 
is approximately 50 mEq. of elemental tassium. NOTE: It is suggested that. these 

products be taken with meals and sipped slowly over a 5-10 minute period. How Supplied: 

K-Lyte: Effervescent tablets—boxes of 30 and 250 "orana or lime flavors). K-Lyte/Cl: Mead INSON| 
Powder, cans of 30 measured doses with scoop (fruit-punch flavor). R 

©1972 MEAD JOHNSON & COMPANY + EVANSVILLE, INDIANA 47721 U.S.A. 191472 LABORATORIES 
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HP LEADERSHIP...IN PRACTICE 





Right now, an 
HP Monitor is going into 
its fifth continuous day 

of testatl04 F 


and 95% humidity. 


And in an HP engineering conference 

room, six engineers are discussing in 
detail a three-month clinical product 
evaluation report sent in by a hospital. 
On the production floor, 19 elements 
of a computer-aided ECG interpretive 
system are being hooked up as they will 
be in the hospital, in readiness for a 
complete system test. Five-hundred 
miles away, HP engineers are meeting 
with an independent standards group, 
seeking practical approaches to even 
tighter controls of instrument quality 
and performance assurance. Ina lab 
with “Materials Engineering” on the 
door, new light-emitting diodes are 
being tested for use as digital readouts 
in a new blood pressure monitor. 
These are typical of the many things 

we do to insure safe, reliable, clinically 
effective products. And to coordinate 
all efforts, a special engineering group of 
31 concentrate on five key areas: design 
soundness, component and material 
choice, quality and reliability assurance 
testing, environmental testing, and com- 
pliance with clinical safety standards. 

HP safety is in numbers . . . and in the 

quality and reliability of HP people as 
well. Hewlett-Packard, Waltham, Mass. 


Europe: HPSA, Geneva. 
















Integrity in medical instrumentation 
17209 
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Endo Laboratories announces 
the replacement of 


COUMADIN’ 








with 


COUMADIN 


(crystalline sodium warfarin) 


_lablets | 





definitive clinical studies 
have demonstrated... 


A brief summary of prescribing information appears on last page of advertisement 


Therapeutic equivalency 
with acrystalline product 
of the highest purity 





New 


COUMADIN’ 


(crystalline sodium warfarin) 


proven therapeutically 
equivalent to amorphous sodium warfarin. 
A purer form of sodium warfarin 
with no change inthe physical 
appearance of Coumadin tablets. 


Butthere is adifference. Nottherapeutically, but 
in the manufacturing process which through an 
extra step of crystallization of the sodium warfarin 
virtually eliminates trace impurities found in the 
amorphous sodium warfarin, thus achieving a 
crystalline product of the highest purity. 

We hasten to point out that definitive studies* 
have shown that the new crystalline form is the 
same therapeutically as the amorphous form with 
the same smooth onset of action and prolonged 
activity, and itcan be readily used without any vari- 
ations in the established prothrombin times of 
your patients. 

Endo has, therefore, discontinued using amor- 
phous sodium warfarin in Coumadin tablets. As 
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current stocks are exhausted at both retail and 
hospital pharmacies, they will be replaced with 
Coumadin tablets containing the crystalline form. 
Your prescription for Coumadin will be refilled with 
the purer product at no extra cost to your patients. 
You can be assured that your patients will not 
be concerned because all tablets remain un- 
changed in physical appearance — size, shape 
and color. 

lf you have any questions, please feel free to 
contact your local Endo representative or, if you 
prefer, call our Medical Department collect at 
516-333-8200. 


*Data on file, Medical Department, Endo Laboratories 


COUMADIN (crystalline sodium warfarin) BRIEF SUMMARY 


EFFECTIVENESS: Coumadin® (crystalline sodium warfarin) is indi- 
cated for the prophylaxis and treatment of venous thrombosis and its 
extension, the treatment of atrial fibrillation with embolization, the 
prophylaxis and treatment of pulmonary embolism, and as an 
adjunct in the treatment of coronary occlusion. 


CONTRAINDICATIONS: Hemorrhagic blood dyscrasias. Recent 
or contemplated surgery of: (1) central nervous system; (2) eye; (3) 
traumatic surgery resulting in large open surfaces. Bleeding ten- 
dencies associated with active ulceration or overt bleeding of: 
(1) gastrointestinal, genitourinary or respiratory tracts; (2) cerebro- 
vascular hemorrhage; (3) aneurysms—cerebral, dissecting aorta; (4) 
pericardial effusions; (5) subacute bacterial endocarditis. Threat- 
ened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities, or lack of patient cooperation. Miscellaneous: 
polyarthritis, vitamin C deficiency, major regional block anesthesia. 


WARNINGS: Administration of anticoagulants in the following con- 
ditions will be based upon clinical judgment in which the risk of 
hemorrhage due to anticoagulants is weighed against the risk of 
thrombosis or embolization in untreated cases. The following may be 
associated with increased risk of hemorrhage: Pregnancy -— oral 
anticoagulants pass through the placental barrier, and the danger of 
hemorrhage to the fetus exists even to the point of fatal hemorrhage 
in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are 
essential. Lactation— coumarins may pass into the milk of mothers 
and cause a prothrombinopenic state in the nursing infant. 
Prolonged dietary deficiency (cachexia, vitamin K). Severe to 
moderate hepatic or renal insufficiency. Infectious diseases or 
disturbances of intestinal flora— sprue, antibiotic therapy. Severe 
trauma of head, bones or muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed raw surfaces. Indwelling 
catheters. Spinal puncture. Severe to moderate hypertension. 
Miscellaneous: polycythemia vera, vasculitis, severe diabetes. 
menometrorrhagia, allergic and anaphylactic disorders. 

Abrupt cessation of anticoagulant therapy is not generally recom- 
mended; taper dose gradually over three to four weeks. 
PRECAUTIONS: Periodic determination of prothrombin time is 
essential. 

Numerous factors, alone or in combination, including travel, 
changes in diet, environment, physical state and medication 
may influence response of the patient to anticoagulants. It is 
generally good practice to monitor the patient's response with 
additional prothrombin time determinations whenever other 
medications are initiated, discontinued or taken haphazardly. 
The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 

The following factors, alone or in combination, may be 
responsible for increased prothrombin time response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; conges- 
tive heart failure; diarrhea; elevated temperature; hepatic disorders 
—infectious hepatitis, jaundice; poor nutritional state; vitamin K 
deficiency — steatorrhea. 

EXOGENOUS FACTORS: Alcoholf; allopurinal: anabolic steroids: 
antibiotics; bromelains; chloral hydratet; chlorpropamide; chymo- 
trypsin; cinchophen; clofibrate; Coumadin® (crystalline sodium war- 
farin) overdosage; dextran; dextrothyroxine; diazoxide; dietary 
deficiencies; diureticst; disulfiram; drugs affecting blood elements: 
ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhala- 
tion anesthetics; mefenamic acid; methylphenidate; monoamine 
oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbu- 
tazone*phenyramidol; prolonged hot weather; prolonged narcotics; 
quinidine; quinine; salicylates (in excess of 1 Gm./day); sulfin- 
pyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide: 
triclofos sodium; unreliable prothrombin time determinations. 
tincreased and decreased prothrombin time responses have been reported 


The following factors, alone or in combination, may be 
responsible for decreased prothrombin time response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary 
resistance to coumarin therapy; hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt: ant- 
acids; antihistamines; barbiturates; chloral hydratet; chlordiazepox- 
ide; cholestyramine; Coumadin® (crystalline sodium warfarin) 
underdosage; diet high in vitamin K (vegetables, fish, fish oil, 
onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; halo- 
peridol; meprobamate; oral contraceptives; paraldehyde; primidone; 
rifampin; unreliable prothrombin time determinations; vitamin C. 
tincreased and decreased prothrombin time responses have been reported. 

A patient may be exposed to a combination of the above factors. 
some of which may increase and some decrease his sensitivity to 
Coumadin. Because the net effect on his prothrombin time response 


may be unpredictable under these circumstances, more frequent 
laboratory monitoring is advisable. 


ADVERSE REACTIONS: Potential side effects of Coumadin® (crys- 
talline sodium warfarin) include: 1. Minor or major hemorrhage from 
any tissue or organ—which is an extension of the physiologic activity 
of prothrombinopenia. Bleeding during anticoagulant therapy does 
not always correlate with prothrombin activity. (See TREATMENT 
FOR OVERDOSAGE.) Bleeding which occurs when the prothrombin 
time is within the therapeutic range warrants diagnostic investigation 
since it may unmask a previously unsuspected lesion, e.g. tumor, 
ulcer etc. 2. Side effects other than hemorrhage are infrequent and 
consist of alopecia, urticaria, dermatitis, fever, nausea, diarrhea, 
hypersensitivity reactions and an extremely rare reaction consisting 
of hemorrhagic infarction and necrosis of the skin. 

TREATMENT FOR OVERDOSAGE: Excessive prothrombinopenia, 
with or without bleeding, is readily controlled by discontinuing 
Coumadin® (crystalline sodium warfarin), and if necessary, the oral 
or parenteral administration of vitamin Ki. The appearance of micro- 
scopic hematuria, melena, petechiae or oozing from nicks made 
while shaving are early manifestations of hypoprothrombinemia 
beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omis- 
sion of one or more doses of Coumadin® (crystalline sodium war- 
farin) may suffice; and if necessary, small doses of vitamin Kı 
(Mephyton®*) orally, 2.5 mg., will usually correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin 
Kı (AquaMephyton®*) in doses of 10 to 25 mg. may be given paren- 
terally. (Please note recommendations accompanying vitamin K 
preparations prior to use.) Fresh whole blood transfusions should be 
considered in cases of severe bleeding or prothrombinopenic states 
unresponsive to vitamin Kı. 

Resumption of Coumadin® (crystalline sodium warfarin) adminis- 
tration reverses the effect of vitamin Ki, and a therapeutic hypo- 
prothrombinemia level is readily obtained. 

*Trademark, Merck Sharp & Dohme 

For complete prescribing information, including dosage and labo- 

ratory control, see package circular. 
SUPPLIED: Tablets: Coumadin® (crystalline sodium warfarin) for 
oral use, single scored, imprinted numerically with potency as 
follows: 2 mg. lavender, 2¥2 mg. orange, 5 mg. peach, 7% mg. yellow, 
10 mg. white, 25 mg. red. In bottles of 100 and 1000. Also available in 
Hospital Unit-Dose blister package of 100. Injection: Available as 
single injection units of amorphous sodium warfarin lyophilized for 
intravenous or intramuscular use in a box of 6 units, 50 mg.: Unit con- 
sists of 1 vial, 50 mg.; sodium chloride, 10 mg.; thimerosal, 0.2 mg. 
accompanied by a 2 ml. ampul Sterile Water for Injection. 75 mg.: 
Unit consists of 1 vial, 75 mg.; sodium chloride, 15 mg.; thimerosal, 
0.3 mg. accompanied by a 3 mi. ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other sub- 
stance, and it is not suitable for intravascular injection without first 
having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 
“Licensed by Wisconsin Alumni Research Foundation. US Pat. No. 3.077.481 (Reissue No 
25.866). Registered trademark of Wisconsin Alumni Research Foundation 
Physician and Patient Aids Available on Request-— record charts 
for you, dosage calendars and instruction folders, including iden- 
tification cards, for your patients. For a free supply of any or all of 
these aids, ask your Endo representative or write to Director of Pro- 
fessional Services. 


New 


COUMADIN’ 


(crystaline — 
sodium warfarin) 


*present as crystalline sodium warfarin isopropanol clathrate 


fndo Laboratories, Inc. aii 


Subsidiary of E. |. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 
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When cardiac \ — 
complaints occur \ 
inthe absence S$ 
of organic findings, , 
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The influence of anxiety on heart function 


Excessive anxiety is one of a combina- 
tion of factors that may trigger a series of 
maladaptive functional reactions which can 
generate further anxiety. Often involved in 
this vicious circle are some cardiac arrhyth- 
mias, paroxysmal supraventricular tachycar- 
dia and premature systoles. When these 
symptoms resemble those associated with 
actual organic disease, the overanxious 
patient needs reassurance that they have no 


Before prescribing, please consult complete product information, 
a summary of which follows: 

Indications: Relief of anxiety and tension occurring alone or accom- 
panying various disease states. 

Contraindications: Patients with known hypersensitivity to the drug. 

Warnings: Caution patients about possible combined effects with alco- 
hol and other CNS depressants. As with all CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental alertness (e.g., oper- 
ating machinery, driving). Though physical and psychological dependence 
have rarely been reported on recommended doses, use caution in administer- 
ing to addiction-prone individuals or those who might increase dosage; with- 
drawal symptoms (including convulsions), following discontinuation of the 
drug and similar to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing age requires 
that its potential benefits be weighed against its possible hazards. 

Precautions: In the elderly and debilitated, and in children over six, 
limit to smallest effective dosage (initially 10 mg or less per day) to preclude 
ataxia or oversedation, increasing gradually as needed and tolerated. Not rec- 
ommended in children under six. Though generally not recommended, if 
combination therapy with other psychotropics seems indicated, carefully 
consider individual pharmacologic effects, particularly in use of potentiating 
drugs such as MAO inhibitors and phenothiazines. Observe usual precautions 


organic basis and that reduction of exces- 
sive anxiety and emotional overreaction 
would be medically beneficial. 


The benefits of antianxiety therapy 


Antianxiety medication, when used to 
complement counseling and reassurance, 
should be both effective and comparatively 
free from undesirable side effects. More than 
13 years of extensive clinical experience has 
demonstrated that Librium (chlordiazepox- 
ide HCl) fulfills these requirements with a 
high degree of consistency. Because of its 
wide margin of safety, Librium may generally 
be administered for extended periods, at the 
physician’s discretion, without diminution 
of effect or need for increase in dosage. (See 
summary of prescribing information.) If 
cardiovascular drugs are necessary, Librium 
is used concomitantly whenever anxiety is a 
clinically significant factor. (See Pre- 
cautions.) Librium should be discontinued 
when anxiety has been reduced to appropri- 
ate levels. 


in presence of impaired renal or hepatic function. Paradoxical reactions 
(é.g., excitement, stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ usual precautions 
in treatment of anxiety states with evidence of impending depression; suicidal 
tendencies may be present and protective measures necessary. Variable effects 
on blood coagulation have been reported very rarely in patients receiving the 
drug and oral anticoagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may occur, espe- 
cially in the elderly and debilitated. These are reversible in most instances by 
proper dosage adjustment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been reported. Also encountered 
are isolated instances of skin eruptions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal symptoms, increased and decreased 
libido—all infrequent and generally controlled with dosage reduction; changes 
in EEG patterns (low-voltage fast activity) may appear during and after treat- 
ment; blood dyscrasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally, making periodic blood counts and 
liver function tests advisable during protracted therapy. 

Supplied: Librium® Capsules containing 5 mg, 10 mg or 25 mg chlor- 
diazepoxide HCl. Libritabs® Tablets containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide. 


For relief of 


excessive anxiety 


Lib 





adjunctive 


lum 10m 


(chlordiazepoxide HCI) 
lor2 capsules t.i.d./q.i.d. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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Why we think 


Brush biomedical recorders 
are your best choice. 
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WE HAVE WHAT YOU NEED. 
Choose from 1 to 8 channels on 
our high performance direct writing 
recorders. Or select a special pur- 
pose recorder from our complete 
line. We have an x-y recorder. A 
lightbeam oscillograph with up to 
16 channels. And an 8-channel hi- 
speed multipoint. All with built-in 
Brush quality and dependability. 
AN ADVANCED PRODUCT. Whichever Brush recorder you choose, you ll 
have the ability to monitor all the physiological para- pmm 
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meters you need. i 
ACCURACY. Its guaranteed to 99.5% even over an $ 
80mm chart span by our Metrisite® non-contact servo- F 
loop feedback device. T 
CLEANESTTRACES. Our pressurized inking system $ 
eliminates smudges, smears, skips and puddles. Traces | * 
are actually forced into the paper, not just laid on top. | 
So they're always crisp and clean. 


send for our 36 page full color catalog. Write Gould | 
\ tt / Boeckel 38, Brussels, 


Eng 
A Inc., Instrument Systems -{Q@yE 
3 YE 7 1140, Belgium. 
+o Wen Bie a 


Division, 3631 Perkins | 
Our traces Thermal traces 







Avenue, Cleveland, § 
Ohio 44114 or Rue Van § 
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STABLE ANGINA OR PRE-INFARCTION ANGINA? 


DIFFERENTIAL DIAGNOSIS OF STABLE 
ANGINA PECTORIS AND PRE-INFARCTION ANGINA 


STABLE ANGINA PECTORIS |PARAMETERS| PRE-INFARCTION ANGINA 


over sternum, over sternum, 
often spread- often spread- 
-ing across ing across 
the chest the chest 













LOCATION 
OF 
PAIN 









io oe or a sonor or 
both arms, oth arms, 
neck, or jaw, neck, or jaw, 
„or any 
combination RADIATION 
thereof OF thereof 











PAIN 


_ usually sub- lasts more 
sides within than 
Nee minutes 












DURATION 
OF 
PAIN 


- minutes 


















‘pressure or heavy discomfort similar but more intense 


CHARACTER 
OF 
PAIN 








sweating and 
weakness 
in most 
patients 









ASSOCIATED | 
SYMPTOMS 


usually none 


exertion, 
emotion, 
eating, cold 
weather, 
_ lying down 


PRECIPITATING 
FACTORS 


often none 


















stopping effort, Isordil 
Sublingual or sublingual Z 
nitroglycerin g 


sublingual 
FACTORS nitrates 
may give 
incomplete or 
only transient 


relief 


segment depression, 

ELECTRO- z paee long lasting; 

wave inversions often 

CARDIOGRAM appear and porsa 
oceaslonalk th 


may be MT. 








transient S-T segment 
‘depression (flat or 
downsloping), 
disappearing with 
relief of pain 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS“... 


e terminate or reduce the 
severity and frequency of 
acute angina pectoris 
attacks 

e provide prophylaxis 
against anginal attacks 
often caused by 
unavoidable everyday 
stress 


ISORDIL 
SUBLINGUAL 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 





*|ndications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

“Probably” effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 













Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. (es 


New York, N. Y. 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE 


VIDA...Life for hearts too good to die 





“The screech owl,” complained Pliny the Elder, “always betokens some 
heavy news and is most execrable and accursed. In summer he is the very 
monster of the night, neither singing nor crying out clear, but uttering a 
certain heavy groan of doleful mourning; and therefore if it be seen to fly 
in any place it prognosticates some fearful misfortune.” 


Ancient Rome’s leading naturalist (23-79 A.D.) was reflecting the popular 
but unscientific view that owls could predict human ills. 


Vida’s predictions, in contrast, are scientifically sound. This pocket-sized 
ventricular impulse detector and alarm may alert its wearer if ventricular 
fibrillation is imminent. 


Vida can be programmed by the physician to detect excessive VPC activity, 
abnormal rate, or both. Occurrence of these events triggers an audible tone 
that may give time to prevent sudden death. The tone, representing the 
patient’s ECG, can be sent by telephone over any distance to a Vidagraph™ 
in the physician’s office or a CCU for immediate diagnosis. 





Fourth of a series. Reproductions suitable for framing on request. 


LE CARDIODYNAMICS -VIDA MEDICAL SYSTEMS, INC. 


6841 DUBLIN BLYD. DUBLIN, CALIFORNIA 94566. 
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Will his return 
-thereturn of undue 
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When it’s mandatory 
~to keep the postcoronary 
‘patient calm, consider 
Valium? (diazepam). 
Although he’s promised 
SR to take it easy back on the 
leet Sib, you know he’s going 
kr back to the same stressful 

circumstances that may have 
contributed to his Se aliio If he experiences 
excessive anxiety and tension because of overreaction to 
stress, your prescription for Valium can bring 
relief. During the period of readjustment, Valium 
can quiet undue anxiety. 

For moderate states of psychic tension, 5-mg or 
2-mg Valium tablets b.id. to q.i.d. can SERS 


re 





Al abie Laboratori 
Div n of Hohmann La Roche Inc. 
Nutley Ned. 07110 


towork mean 
psychic tension: 





provide reliable relief. For severe tension-anxiety 
states, the 10-mg tablets often produce desired results. 

On proper maintenance dosage, Valium seldom 
dulls the senses or interferes with alertness. Valium is 
generally well tolerated; the most commonly piceri 
side effects are drowsiness, ataxia 
and fatigue. Until individual 
response is determined, d 
caution patient against driving 
or operating dangerous : 
machinery. 





Please see following 
page for prescribing 


information. V: F | hee 


(diazepam) 
For the tense cardiac patient who must be kept calm 





If the cardiac patient has 
nighttime psychic tension, an 
h.s. dose added to the t.i.d. 


schedule can ensure a restful 


night’s sleep. 





(diazepam) 





Valium 


2-mg, 5-mg, 10-mg tablets 
When the tense cardiac patient must be kept calm 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 

Indications: Tension and anxiety 
states; somatic complaints which are 
concomitants of emotional factors; 
psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, 
depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in 
skeletal muscle spasm due to reflex 
spasm to local pathology, spasticity 
caused by upper motor neuron disorders, 
athetosis, stiff-man syndrome, convulsive 
disorders (not for sole therapy). 

Contraindicated: Known hypersensi- 
tivity to the drug. Children under 6 
months of age. Acute narrow angle glau- 
coma; may be used in patients with open 
angle glaucoma who are receiving 
appropriate therapy. 

Warnings: Not of value in psychotic 
patients. Caution against hazardous 
occupations requiring complete mental 
alertness. When used adjunctively in 
convulsive disorders, possibility of 
increase in frequency and/or severity of 
grand mal seizures may require increased 
dosage of standard anticonvulsant 
medication; abrupt withdrawal may be 
associated with temporary increase in 
frequency and/or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their 
predisposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh po- 
tential benefit against possible hazard. 

Precautions: If combined with other 
psychotropics or anticonvulsants, 
consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants may potentiate 
its action. Usual precautions indicated 
in patients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precautions in 
impaired renal or hepatic function. Limit 
dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia 
or oversedation. 

Side Effects: Drowsiness, confusion, 
diplopia, hypotension, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in 
Salivation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. 


Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbances, 
stimulation have been reported; should 
these occur, discontinue drug. Isolated 
reports of neutropenia, jaundice; periodic 
blood counts and liver function tests 
advisable during long-term therapy. 
Dosage: Individualize for maximum 
beneficial effect. Adu/ts: Tension, anxiety 
and psychoneurotic states, 2 to 10 mg 
b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg t.i.d. 
or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. 
or q.i.d.; adjunctively in convulsive 
disorders, 2 to 10 mg b.i.d. to q.i.d. 
Geriatric or debilitated patients: 2 to 24% 
mg, 1 or 2 times daily initially, increasing 
as needed and tolerated. (See 
Precautions.) Children: 1 to 2% mg t.i.d. 
or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 
Supplied: Valium® (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; bottles 
of 100 and 500. All strengths also avail- 
able in Tel-E-Dose® packages of 1000. . 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Sheen” 9 - z 


Schering Corporation announces 
New 


Direct-Action 






® 


© “A at iV 
= DIAZOXIDE 2 mapa 
20 ml. ampule 
contains 300 mg. 
For emergency reduction 


of blood pressure 
~ in malignant hypertension 





In hospitalized patients 
when there's pressure 
for immediate control... 









A major point of departure 





a 
INJECTION 
20 ml. ampule 
contains 300 mg. 


ø VIAZOXID 


A 20ml. 

|V. “push” 

in 30 seconds 
for immediate 
reduction 

of dangerously 
high blood 
oressure 
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General representation of HYPERSTAT I. V. 
Iniection activitv un ta 12 haire’ individual 


Reliability 


Increased reliability in the new generation 
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of Vitatron Medical pacemakers. 


Vitatron Medical announce their 
series of electronically advanced pace- 
makers of an entirely new design and 
highly reliable performance. Electro- 
nically the new circuitry is remarkably 
stable and designed to meet the safest 
operation possible, adding a new di- 
mension to pacemaker longevity. The 
batteries remain unconnected to the 
circuitry until implantation. 


For detailed technical information write: 
Vitatron Medical N.Y. 

P.O. Box 76, NL 6210 Dieren, Holland. 
Vitatron Medical Inc., 

MILTON, Mass. 02186 (USA) 


The reliability of the design has 
been achieved by the use of compo- 
nents of the highest quality and by the 
circuitry design itself. Any hazardous 
electronic failure has been eliminated. 

Thorough electronic component 
tests, selection systems and double- 
check production methods guarantee 
the reliability of the new Vitatron 
Medical pacemakers. 


MEDICAL NI? 
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Introducing 





Nitr oSstat (nitroglycerin) 


“potency-protected 








tablet 


PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
Detroit, Michigan 48232 


sublingual nitroglycerin 





Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the “potency-protected” sublingual nitroglycerin 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 


WALA ALS pat tak Ill He 
Vey a 


@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
60 Range—97 to 110.89% label claim; 
average—104,49% 


-® Assay values for each of 30 tablets assayed 
50 separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


40 | Assay range—four additional lots stored without 
filler in bottle 
i Assay range—four additional lots stored with 
30 E filler in bottle 
Z of 
Label 
Clalm 
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Also available free for patients beginning 
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Biotronik 
has the first 50-month 
full replacement 
warranty” 


because | 
Biotronik is first 
in a lot of other ways. 


1964 


first definite end-of-life indicator for 
premature battery failure 


1965 


first with the concept of low current 
drain 


1965 


first bayonet connector (simple push 
and twist connection) 


1966 


first implantable unit with interference 
shielding 


1968 


first with significant size reduction 


1970 


first 24-month full replacement 
warranty on all our implantable cardiac 
pacemakers 


1972 


first human implantation of a Beta 
atomic pacemaker 


1973 


first with 30-month full replacement 

warranty on the IP-44 Fixed Rate Pace- 

maker and the IDP-44 R-Wave Inhibited 
Demand Pacemaker 


For more information on the Biotronik family 
of pacemakers, send for detailed literature. 


concept 


U.S. DISTRIBUTORS OF BIOTRONIK 
Airport Station 
Petersburg, Fla. 33732 
813-536-2791 


24 hour an: 


werin ] service 


" on the IP-44 Fixed Rate Pacemaker and the IDP-44 R-Wave Inhibited Demand Pacemaker 
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New from 3M 


Littmann ECG Trimmer 


Also ask about 
LITTMANN Brand ECG 
Gel-Pads. No cleanup. 

Less chance of cross 
contamination. 
Excellent electrical 
contact. See if you 
don't agree: 3M has 
found “the better way.” 








Now, all the advantages of LITTMANN Brand 
ECG Mounts are yours in a compact cutting 
device for trimming electrocardiogram leads. 
The new LITTMANN ECG Trimmer. With 
three blades for cutting uniform lead 
segments of specified sizes. When used with 
LITTMANN ECG Mounts you get professional- 
appearing permanent records barely thicker 
than a single sheet of paper. Saving filing 
space. Permitting photo copying of a single 
sheet. Providing faster, more efficient 
interpretation. 


The ECG Trimmer from 3M—newest 
member of the LITTMANN ECG Mounting 
System. Contact your surgical supply dealer 
or 3M Representative today. 


Medical Products Division 3M 


3M CENTER + SAINT PAUL, MINNESOTA 55101 
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He has two hot n 
of angina protec 


CHEWABLE 
SORBITRATE- 


ISOSORBIDE DINITRATE SMG. 








For up to two hours of 
protection, your angina patient 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


| | Acts almost as fast as 
nitroglycerin...lasts about 
4 times as long. 


0 5 10 30 1 hr, 2 hr. 






NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 
2 minutes 

approximate duration of action... 
20 to 30 minutes 


|} More stable in air than 
Sublingual nitroglycerin: 
it can be stored or carried with 
no significant loss of potency. 


|] And when indicated: Sorbitrate® 
(isosorbide dinitrate) 
sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 


: T maoarhanic r artinr E QONRRITROATE ead 
Mode of action: The mechanism of actior SORBITRATE (isosc 
bide dinitrate) is unknown, although the basic pharmacologic acti 
U ~ Ss in ni mine 


is to relax smooth muscle. Isosorbide dinitrate reduces 
and severity the incidence of angina pectoris tacks 
comitant reduction in nitroglycerir 
Indications: Sublingual and Chewable: For the prevention and treat- 
ant of angina pectoris 

Oral: For the relief of angina pectoris. It is not intended to abort 
ode. SORBITRATE WITH PHENOBARBITA 


ar r 


DF 3% vo 
erin intake 
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thn a ‘os 7 r Í Pi 
e acute anginal « SO C i 
nmiratan thr ane > to ~ h NAIA AOortrtaric < alalatasla nian 
oicaied fOr patients ne gina ç >tOris IS acco paniea 
| t 


by anxiety or its reli Sy 
Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days 
nf the a to r ‘ 


hase of myocardial infarction are insufficient to estab- 

| nm safety Phen barb tal may be habit form no 
H Chy A r A ~ A AN A O ~ Rr $ we 
Precautions: Should be used with caution in patients who ave 


Qgiauct 


Adverse Reactions: Headache whict may be severe and persistent 


ae niapi Ah WNA AFAA nla A a Athn nitrate ns nat 
ma. Tt lerance and cross tolerance to other trates may ) 


Lowering the dose and using analgesics will helo control the head 
es which usually diminish or disappear as therapy is continued 
Adverse reactions seen occasionally: Cutaneous vasodilation w 
flushing; transient dizziness and weakness as well as other sians c 
ce al hemia associated with postural hypotension; individua 
arked sensitivity to the hypotensive effects of nitrates wherein se 
vere ponses can occur even with the usual therape c dose (alco 


y enhance this effect); drug rash and/or exfoliative dermatit 
r can act as a physiological antagonist to norepinephrine 
oline, histamine and other agents 


Dosage and Administration: Route: Sublingual, oral and chewable 


HA 
uy 
tat 
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Individual Dose: To minimize hypotensive responses, which may 
DEA n ry ~ ~ nahis incac e In S = 
casionally be severe with chewable doses as low as 5 mg., th 
| 


est effective dose should be employed. Chewable tablets are 
generally given in doses of 5 mg. Sublingually or or , 5 to 10 mg 
is the range commonly used although doses of up to 30 mg. have 
frequently been employed. , . 


Dosage Schedule: Smallest effective dose necessary for the pre 
vention and treatment of pain of an anginal attack. Sublingua 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals; Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEWABLE 
SORBITRATE may be taken for prompt relief of anginal pair 
times daily. Although the onset and duration of effect of coronary 
nitrates may vary, following are the generally reported ranges of 
these values for SORBITRATE 

Onset of Effect: Sublingual and Chewable: 2 to 5 minutes. Oral: 
15 to 20 nv A toc 


Duration of Effect: Sublingual and Chewable: 1 to 2 hours. Ora 
Estimated to be 4 to 6 hours 
It is recommended that the oral dosage be taken on an empty 


STUART PHARMACEUTICALS | pw o ICI America Inc 
WILMINGTON, DEL. 19899 
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precision quality control... 
e assured tablet content uniformity” 


predictable patient response... 
e proven biologic availability” 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. | 

Precautions: |f the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. , 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


Lanoxindigoxin ,, peso 
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Altered Hemoglobin Oxygen Affinity in Patients with 
Acute Myocardial Infarction 
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Alterations in the oxyhemoglobin dissociation curve might affect cal- 
culations of arteriovenous oxygen differences and might contribute to 
maintenance of myocardial oxygenation in patients with acute myo- 
cardial infarction. Accordingly, we analyzed oxyhemoglobin dissocia- 
tion curves by the dynamic scanning technique as well as red cell 
diphosphoglycerate and adenosine triphosphate (ATP) determina- 
tions in peripheral venous and arterial blood samples from 43 pa- 
tients with acute myocardial infarction. The oxyhemoglobin dissocia- 
tion curve in these patients was shifted to the right, as reflected by 
an increase in Ps values beginning as early as 2 hours and as late 
as 10 days after the onset of infarction. The magnitude of the P50 
shift did not correlate with initial or prevailing levels of systemic or 
pulmonary arterial PO2, red cell 2,3-diphosphoglycerate, ATP or 
cardiac index. The Ps o values in venous and simultaneously ob- 
tained arterial samples correlated closely. Peak Ps was related to 
initial clinical class, size of infarct measured by serial serum cre- 
atine phosphokinase (CPK) analysis and acute mortality. Results ob- 
tained indicate that shifts in the oxyhemoglobin dissociation curve in. 
patients with acute infarction may facilitate oxygen availability to 
marginally perfused myocardium and must be taken into account 
when arteriovenous oxygen differences are calculated on the basis 
of PO» or hemoglobin oximeter determinations, or both. 


Reduced affinity of hemoglobin for oxygen is reflected by a rightward 
shift of the oxyhemoglobin dissociation curve. This phenomenon has 
been recently recognized in several clinical states characterized by 
chronic hypoxemia such as high altitude,! cyanotic congenital heart 
disease,* chronic congestive heart failure? and chronic pulmonary 
disease.* In these clinical settings increased red cell 2,3-diphospho- 
glyceric acid (2,3-DPG) appears to influence hemoglobin affinity for 
oxygen.*:5 Patients with acute myocardial infarction frequently have 
transient hypoxemia. Alterations in hemoglobin oxygen affinity in 
such patients is potentially important for the following reasons: (1) 
Myocardial oxygen supply is a critical determinant of the extent of 
ischemic myocardial damage, and altered oxygen affinity of hemo- 
globin might well influence the availability of oxygen to marginally 
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P<.005 


FIGURE 1. Altered oxygen affinity reflected by a 
shift in Pso in samples from patients with acute 
myocardial infarction. The PO2 corresponding to 
Pso is represented on the ordinate. Results ex- 
pressed represent mean values + standard 
error in samples from 15 hospitalized control 
patients (left) and samples exhibiting the maxi- 
mal rightward shift in the oxyhemoglobin disso- 
ciation curve in 43 patients with acute myocar- 
dial infarction (right). 


perfused myocardium. (2) Arteriovenous oxygen dif- 
ferences are frequently utilized to assess circulatory 
status in patients with acute myocardial infarction, 
and the relation between oxygen content of blood and 
PO, might be greatly influenced by shifts in the oxy- 
hemoglobin dissociation curve in arterial or venous 
samples, or both. Accordingly, we examined oxy- 
hemoglobin dissociation curves serially in 43 patients 
with acute myocardial infarction and compared re- 
sults to hemodynamic changes, clinical class and in- 
farct size as assessed by analysis of determinations 
of serial serum creatine phosphokinase (CPK) levels 
in the same patients. 


Methods 


Oxyhemoglobin dissociation curves were analyzed in se- 
rial samples of peripheral venous and arterial blood by the 
dynamic scanning technique. The oxyhemoglobin disso- 
ciation curve analyzer records the blood and gas POs con- 
tinuously while a known volume of oxygen diffuses into a 
known volume of deoxygenated blood at 37 C. The instru- 
ment utilizes a small pH electrode for continuous pH de- 
termination during generation of the curve. The Pso value 
is obtained directly from the relation between percent sat- 
uration and PO2 (P50 = POz2 in millimeters of mercury re- 
quired for 50 percent oxygen saturation of the blood at pH 
7.4 and 37 C). All dissociation curves in this study were 


obtained by using fresh samples of heparinized blood. In 
14 of the 43 patients, 33 samples were analyzed for red 
cell 2,3-DPG and adenosine triphosphate (ATP) content.7»8 
Arterial’ and pulmonary arterial oxygen contents were 
determined with an oxygen analyzer (Lex O2-con, Lexing- 
ton Instrument Company) and were verified daily with 
the use of Van Slyke determinations; and PO% was deter- 
mined with an Instrumentation Laboratories analyzer. 


Results 


Control Ps9 values were obtained from analyses of 
samples from 15 nonsmoking hospitalized persons 
without cardiovascular disease and averaged 27.1 
mm Hg + 0.3 (standard error), a value conforming 
to results published by others. The Pso value in- 
creased (exceeding 28.3 mm Hg) in 37 of 43 patients 
with acute myocardial infarction. Mean Ps5o in the 
patients with infarction was 30.4 mm Hg (range 26.6 
to 35.5). Thus, patients with acute myocardial in- 
farction exhibited significantly increased Pso values 
(P <0.005) (Fig. 1). The Pso increase occurred as 
early as 2 hours and as late as 10 days after the onset 
of acute infarction. Serial P59 changes in a represen- 
tative patient are shown in Figure 2. No correlation 
was observed between the initial or prevailing sys- 
temic or pulmonary arterial PO2 and changes in Ps. 
Furthermore, the peak Pso value did not correlate 
with the cardiac index or the prevailing arteriove- 
nous oxygen difference. Changes in Pso did not ap- 
pear to depend on altered red cell 2,3-DPG or ATP. 
When Pso values in venous and simultaneously ob- 
tained arterial samples were compared, agreement 
was close (average difference = 0.3 + 0.1 mm Hg, 
no. = 14 pairs). 

Clinical correlations: Peak Ps value in each pa- 
tient was related to initial clinical class, infarct size 
and survival. In 16 patients with clinical Class I dis- 
ease (uncomplicated) mean peak P5ọ was 29.2 mm 
Hg; in 19 patients with Class II disease (mild left 
ventricular failure) it was 30.8 mm Hg; in 4 patients 
with Class III disease (pulmonary edema) peak P50 
averaged 31.2 mm Hg; and in 4 patients with Class 
IV disease (with cardiogenic shock) the mean peak of 
P5o was 33.0 mm Hg (Fig. 3). 

Infarct size was determined in 20 patients by anal- 
ysis of serial changes in serum creatine phosphoki- 
nase (CPK) activity by a procedure recently de- 
scribed.? When infarct size was less than 65 CPK- 
g-eq,* peak Pso averaged 29.9 + 0.7 (no. = 10) com- 
pared to 31.5 mm Hg + 0.8 (no. = 10) (P <0.1) in 
patients with larger infarcts. 

Eight patients died acutely (within 1 month). 
Mean peak Psp in this group was significantly great- 
er than that in 35 survivors (P <0.025) (Fig. 4). Four 
of 7 patients exhibiting peak Ps greater than 32 mm 
Hg died acutely, and in each case peak P5o occurred 
at least 24 hours before the patient’s death. 


*One CPK-g-eq [CPK-gram-equivalent] is that quantity of tis- 
sue from which CPK depletion has occurred that is equal in 
magnitude to CPK depletion in 1 g of myocardium exhibiting ho- 
mogeneous necrosis. 
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32 


31 


FIGURE 2. Serial changes in Pso 

values in a representative patient 27 

with acute myocardial infarction. 

The PO2 values corresponding to 

Pso in each sample are represent- 

ed on the ordinate and time after 

onset of acute myocardial infarc- 1 2 
tion is indicated on the abscissa. 


Discussion 


Results obtained in this study indicate that hemo- 
globin affinity for oxygen, as reflected by increased 
Pso0 in peripheral arterial and venous blood, de- 
creases after myocardial ischemia of sufficient degree 
to produce infarction. The magnitude of the change 
is related to the severity of myocardial damage as 
estimated from determinations of infarct size and re- 
flected by initial clinical class and acute mortality. 

The physiologic importance of altered hemoglobin 
affinity for oxygen in this setting may be consider- 
able. Figure 5 compares the oxyhemoglobin dissocia- 
tion curve obtained from a peripheral venous sample 
from a patient with acute myocardial infarction with 
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FIGURE 3. The relation between initial clinical class and subse- 
quent peak Ps, value in patients with acute myocardial infarc- 
tion. Results expressed represent mean + standard error. The 
magnitude of the shift in the oxyhemoglobin dissociation curve 
reflected by increased Ps 9 corresponds to clinical class. (See 
text for description of each functional class.) 
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that obtained from a normal person.!° The P5ọ value 
in the curve of the patient is increased by 4.2 mm 
Hg. Accordingly, the oxygen saturation of blood at a 
prevailing mixed venous PO% value of 40 mm Hg 
would decrease in the patient from 74 to 67 percent. 
On the basis of a calculated oxygen capacity of 18.6 
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FIGURE 4. The relation between the magnitude of rightward 
shift of the oxyhemoglobin dissociation curve in patients with 
acute myocardial infarction and short-term survival. Results ex- 
pressed represent mean peak Psọ values + standard error in 
patients surviving for at least 1 month after onset of acute myo- 
cardial infarction (left) compared to those dying suddenly 
(right). 
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FIGURE 5. The potential effect of the shift in the oxyhemoglobin 
dissociation curve to the right on oxygen delivery in a patient 
with acute myocardial infarction (solid line) compared to a 
curve with normal Ps) (dashed line). Assuming arterial blood to 
be 95 percent saturated the shift of the oxyhemoglobin dissocia- 
tion curve depicted would account for a change in percent satu- 
ration of venous blood from 74 to 67 percent at a PO% level of 
40 mm Hg. Accordingly, oxygen delivery would increase in pro- 
portion to arteriovenous oxygen saturation difference changing 
from 21 percent to 28 percent. Thus, the small shift in Pso 
would account for a large change in oxygen delivery. 


volumes percent, an additional 1.3 ml of oxygen per 
100 ml of blood flow (0.07 X 18.6) would be available 
for delivery to the tissues without a decrease in 
mixed venous PO». Since the normal arteriovenous 
oxygen difference is 4 to 5 volumes/100 ml, a rela- 
tively modest rightward shift in the oxyhemoglobin 
dissociation curve would account for a 20 to 30 per- 
cent increase in oxygen delivery to the tissue. 

In addition, the findings in this study indicate that 
estimates of arteriovenous oxygen differences based 
on PO», determinations and calculated values for 
oxygen content based on a normal standard oxyhem- 
oglobin dissociation curve?® are prone to error in pa- 
tients with acute myocardial infarction. Clearly, 
such calculations must be made on the basis of 
oxyhemoglobin dissociation curves characteristic of 
the sample itself. 


Shappell et al.t! have demonstrated an acute 
change in the hemoglobin affinity for oxygen in pa- 
tients with angina pectoris induced by right atrial 
pacing. The increase in P5o (range 0.6 to 2.9 mm Hg) 
was observed in coronary sinus samples but not in 
samples from peripheral arterial blood. The magni- 
tude of the shift in P59 was related to the duration of 
acute ischemia. 

In our investigation a significant increase in P59 
was found in peripheral venous and arterial samples. 
The absolute magnitude of the shift in the oxyhemo- 
globin dissociation curve detected in peripheral sam- 
ples may in fact underestimate the extent of the shift 
occurring in blood perfusing ischemic myocardium. 
Accordingly, the additonal oxygen release available 
to marginally perfused myocardium as a result of al- 
tered oxyhemoglobin dissociation may well exceed 
that estimated from analysis of peripheral blood 
samples. 

In the results reported by Shappell et al.11 the in- 
creased Ps 9 was not accompanied by consistent 
changes in red cell organic phosphate compounds 
(2,3-DPG and ATP) or pH. Their findings contrast 
with results of studies in which oxyhemoglobin disso- 
ciation curves are altered in association with system- 
ic hypoxemia, as in patients with cyanotic congenital 
heart disease or chronic pulmonary disease.?:+ Our 
results resemble those seen in patients with angina 
pectoris in that the shift in the oxyhemoglobin disso- 
ciation curve was not correlated with consistent 
changes in red cell 2,3-DPG, initial hypoxemia, de- 
pressed cardiac index or an apparently wide arterio- 
venous oxygen difference. 

Oski et al.12 have demonstrated that approximate- 
ly 30 percent of 2,3-DPG released from tissue is 
bound to the erythrocyte membrane and subse- 
quently becomes available for binding with deoxy- 
hemoglobin in the red cell. Agents such as proprano- 
lol that influence the release of membrane-bound 
2,3-DPG influence the oxyhemoglobin dissociation 
curve, apparently by making more 2,3-DPG avail- 
able for combination with deoxyhemoglobin.!3 Al- 
though it is not yet clear which specific metabolites 
account for the changes in oxyhemoglobin dissocia- 
tion curves detected in the present investigation, it is 
apparent that marked deviations from normal occur 
in patients recovering from acute myocardial infarc- 
tion. Altered oxyhemoglobin dissociation may play a 
physiologic role in facilitating oxygen availability to 
marginally perfused zones of myocardium. In addi- 
tion, the shift in oxyhemoglobin dissociation curves in 
patients with acute infarction must be taken into ac- 
count when arteriovenous oxygen differences are cal- 
culated on the basis of PO2g and derived values for 
oxygen content. 
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The relation between myocardial oxygen uptake (MVO2) and the 
mechanical properties of left ventricular contraction were studied in 
14 patients with and without left ventricular dysfunction. Coronary 
blood flow was estimated by helium washout, and left ventricular 
inotropic state was characterized from the mean left ventricular cir- 
cumferential fiber shortening velocity in the minor equator (mean 
Vcr) and the value at peak tension (Vcr at max T). Ten patients 
with left ventricular dysfunction whose mean Vcr values were less 
than 1 circumference /sec were compared with patients whose mean 
Vcr values fell within the normal range. Patients with depressed 
shortening velocity had lower than normal average coronary blood 
tlow values (53 + 3 vs. 70 + 3 ml/100 g per min, respectively, P 
<0.005) and reduced MVO; (75 + 5 vs. 120 + 6 ul/100 g per beat, 
P <0.001). Coronary venous washout curves were well fitted by 
mono-exponential functions in normal patients but deviated apprecia- 
bly from a single exponential in patients with left ventricular dysfunc- 
tion, thereby indicating nonuniform distribution of coronary blood 
flow in the latter group. Peak and mean developed tension at the 
minor circumference, tension-time index, stroke work and fiber- 
shortening work per myocardial volume correlated poorly with 
MVO>. However, mean Vcr and Vcr at max T correlated significant- 
ly with MVO; (r = 0.63, P <0.02). These findings are in agreement 
with previous experimental findings demonstrating the importance of 
the contractile state as a determinant of myocardial oxygen con- 
sumption. 


Myocardial blood flow and oxygen consumption in cardiac hypertro- 
phy and congestive failure in man have been the subject of several 
investigations, but the results have been conflicting. In patients with 
left ventricular hypertrophy due to valvular heart disease, Rowe et al.1 
reported normal coronary blood flow and oxygen consumption per 
unit of myocardial volume. In similar patients studied by Gorlin et 
al.,2 both coronary flow and oxygen consumption were slightly in- 
creased. In patients with cardiac failure, Blain et al.? found decreased 
coronary flow and normal oxygen consumption, whereas Messer et 
al.4 reported that oxygen consumption was, on the average, increased. 
All of these studies on myocardial consumption in patients with 
cardiac hypertrophy and failure were based on coronary flow esti- 
mates made by the conventional nitrous oxide technique.® This 
method lacks precision,®:? consistently yields a rather wide range of 
values in normal patients?:8:9 and has been shown to be seriously 
in error under special circumstances./°:11 Furthermore, the grouping 
of patients according to hemodynamic criteria in the basal state may 
not be meaningful in considering cardiac energetics, since it has gen- 
erally been appreciated that myocardial oxygen consumption is large- 
ly determined by mechanical factors of cardiac contraction including 
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the heart rate, myocardial wall tension (stress) and 
velocity of contraction.12-14 Accordingly, we inves- 
tigated the relation between cardiac mechanics and 
myocardial oxygen consumption in a population of 
patients defined purely in mechanical terms, and 
oxygen consumption was estimated by an improved 
inert gas washout technique. 


Methods 


Fourteen patients aged 15 to 57 years were studied dur- 
ing diagnostic left heart catheterization. All patients had 
sinus rhythm and normal systemic arterial pressures. 
Their diagnoses are listed in Table I. 

Group 1 consisted of 4 patients considered to have nor- 
mal left ventricular function. One patient had mild mitral 
stenosis (valve area 2.1 cm?), 1 a history of chest pain 
without occlusive disease of the coronary arteries on selec- 
tive arteriograms, 1 minimal mitral regurgitation (regurgi- 
tant fraction of 7 percent) and 1 mild pulmonary infun- 
dibular stenosis (peak systolic gradient at rest 6 mm Hg). 
All had a normal cardiac index and left ventricular end- 
diastolic pressure (Table I), and their circumferential 
fiber shortening velocity (mean Vcr or Vcr at max T) fell 
within the normal range,15-16 as described later. 

Group 2 was composed of 10 patients with left ventricu- 
lar myocardial disease who were distinguished from the 
normal by clearly reduced Vcr values (less than 1.0 cir- 
cumference/sec). Two of these patients had mild to mod- 
erate mitral stenosis (valve areas of 2.26 and 1.60 cm?, re- 
spectively), 1 had an atrial septal defect (pulmonary to 
systemic flow ratio 1.5:1), 2 had coronary artery disease 
and 5 had cardiomyopathy of unknown cause. Four had 
left ventricular end-diastolic pressure exceeding 20 mm 
Hg, 1 had a borderline value of 12 mm Hg and in 4 the 
cardiac index was less than 2.2 liters/min per m? (Table 
I). No patient studied had diabetes, hyperlipidemia or 
anemia. 

Left heart catheterization and left ventriculography 
were performed by the retrograde arterial technique, 
transseptal puncture or introduction of a catheter into the 
left side of the heart by way of an atrial septal defect. Bi- 
plane cineangiography was performed with each patient in 
the supine position. In mid-inspiration, 50 to 75 ml of 
contrast material (75 or 90 percent Hypaque®) was inject- 
ed over a period of 2 to 3 seconds with a power syringe 
while cineangiograms were exposed at 75 frames/sec on 
35 mm film. Brachial arterial pressure and the electrocar- 
diogram were monitored on a photographic recorder at a 
paper speed of 200 mm/sec. With the exposure of each 
cineangiographic frame, a pulse was inscribed on the 
graphic record, and these signals were used to time end- 
diastole 0.03 to 0.06 second after the onset of the QRS 
complex. The earliest cycles providing adequate visualiza- 
tion of the left ventricular cavity were analyzed, and car- 
diac cycles after extrasystoles were excluded. Selective 
coronary cinearteriography was performed by the retro- 
grade arterial technique after ventriculography. 

Instantaneous tension-velocity relations during left ven- 
tricular ejection were calculated as previously described.*° 
Minor equatorial left ventricular tension in grams per 
square centimeter was computed at 10 msec intervals 
from the following formula: 


Tension = Pr,/ a(1 - a) 


where P = left ventricular pressure in grams per square 
centimeter, rj = instantaneous internal diameter in centi- 
meters, L = long axis in centimeters and h = arithmetic 
mean of the end-systolic and end-diastolic wall thickness 
in centimeters. Mean wall tension was calculated as the 
arithmetic mean of the instantaneous tensions at 10 msec 
intervals throughout ejection. Instantaneous circumferen- 
tial fiber-shortening rate in circumferences per second was 
computed at the mid-wall as 2xdr/dt (where r = rj + h/2) 
divided by the instantaneous mid-wall circumference. The 
mean circumferential fiber-shortening rate in circumfer- 
ences per second was calculated as described elsewhere?® 
from the formula: 


Mean Ver = (cirea — Circes) /CirCeg / ET 


where circea = end-diastolic minor circumference, circes = 
end-systolic minor circumference and ET the time re- 
quired for shortening minus 50 msec, the 50 msec being 
subtracted to account for the preejection period. Fiber- 
shortening work was calculated by multiplying the mean 
wall tension by the fractional circumferential fiber short- 
ening. This term normalizes work per cross section and per 
muscle length and thus constitutes an index of work per 
muscle volume. 

Left ventricular end-diastolic and end-systolic volumes 
were computed by the area-length method.!7 Stroke work 
was calculated as the angiographic stroke volume multi- 
plied by the difference between mean left ventricular 
pressure during ejection and left ventricular end-diastolic 
pressure. The left ventricular tension-time index (TTI) 
was calculated as mean left ventricular pressure during 
ejection multiplied by the ejection time.18 Cardiac output 
was measured by the Fick method or the dye-dilution 
technique. 

Coronary blood flow was estimated by inert gas wash- 
out.19 Helium was used as an indicator and was measured 
in blood samples with a thermal conductivity gas chroma- 
tograph as described by Klocke.?° This apparatus was ca- 
pable of detecting 2 nanoliters of helium in 2 ml blood 
samples. After left heart catheterization, a 7F or 8F Sones 
catheter was inserted in each patient through an antecub- 
ital vein and advanced into the coronary sinus or great 
cardiac vein. Catheter position was verified angiographi- 
cally by hand-injections of small amounts of Hypaque 90® 
and the catheter tip was placed at least 2 cm upstream of 
the coronary ostium in the frontal projection. Blood sam- 
ples were collected in 2 ml precision glass syringes. To as- 
certain whether samples were contaminated by right atri- 
al blood, coronary venous samples were drawn during cen- 
tral venous infusion of saline solution saturated with heli- 
um; if trace amounts or no helium was detected in the 
samples, they were accepted as free of right atrial ad- 
mixture. Patients were then connected to a Tissot spirom- 
eter containing a mixture of 25 percent oxygen and 75 per- 
cent helium. This mixture was breathed for a period of 20 
minutes. Toward the end of the saturation period, multi- 
ple simultaneous systemic arterial and coronary venous 
samples serving as zero time samples were withdrawn. Pa- 
tients were then returned to room air, and frequent sam- 
pling continued for at least 20 minutes. Coronary blood 
flow per unit of myocardial volume (F/V) was calculated 
according to the Fick principle as 


— 100(Cvo — Cr). A’ 


F/V AN 7 
fc — C.)dt 
0 
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where Cyo and Cvt are the helium concentrations of coro- 
nary venous blood at the beginning and end of the ob- 
served period of desaturation, and Cy and Ca the instanta- 
neous coronary venous and arterial helium concentrations, 
respectively. The time integral of the veno-arterial con- 
centration difference, {,'(C, — Ca) dt, was obtained by 
planimetric integration of the area between the linearly 
plotted venous and arterial desaturation curves. The tis- 
sue-blood partition coefficient, 4, was assumed to be 1. 
Myocardial oxygen uptake (MVOz) per unit of myocardial 
volume was calculated as the product of coronary blood 
flow and the coronary arteriovenous oxygen difference. 
The oxygen content of blood samples was measured by the 
method of Van Slyke and Neill.?? 

The significance of the difference between group means 
was determined by the Student t test for unpaired sam- 
ples. Linear regressions were determined by the least 
squares method. 


Results 


The hemodynamic, metabolic and derived me- 
chanical data on left ventricular function are sum- 
marized in Table I. In patients with left ventricular 
disease, the average heart rate was increased, and 
the average left ventricular end-diastolic volume 
index was elevated, although in 5 of these patients 
the latter value was normal. The ratios of stroke vol- 
ume to end-diastolic volume (ejection fraction) dif- 
fered significantly between the groups, averaging 
0.68 + 0.04 (mean + standard error of the mean) in 
the normal patients and 0.37 + 0.05 in the abnormal 
patients. The relation between mean tension and 
mean Vcr, the primary measure used to define ino- 
tropic state in this study, is shown in Figure 1. Al- 
though mean Vcr values in patients with left ven- 
tricular dysfunction were lower (Fig. 1), mean wall 
tensions overlapped between the groups. 

Coronary blood flow differed significantly between 
the groups, averaging 70 + 3 ml/100 g per min in 
patients with normal left ventricular function and 53 
+ 3 ml/100 g per min (P <0.001) in patients with 
left ventricular myocardial disease. Figure 2 shows 
semilogarithmic plots of the coronary venous desatu- 
ration curves for each group of patients. During the 


CORONARY VENOUS HELIUM CONCENTRATION 
(Per cent of Zero Time Value) 


FIGURE 2. Coronary venous desaturation 
curves. A, normal patients. B, patients with 
left ventricular dysfunction. 
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FIGURE 1. Relation between mean circumferential fiber-shorten- 
ing velocity and mean circumferential tensions. In the 4 normal 
patients (O) mean tension values averaged 177 + 10 g/cm? 
(mean + 1 standard deviation) and mean Vcr 1.31 + 0.04 cir- 
cumferences/sec. In 4 abnormal patients (W) having nearly the 
same average tension values (175 + 27 g/cm?), the mean Vcr 
was significantly lower, averaging 0.82 + 0.07 circumference / 
sec (P <0.001). LV = left ventricle. 


first 4 minutes of washout, the plots of both groups 
were linear and had similar slopes. However, beyond 
this initial period the desaturation curves of patients 
with myocardial disease deviated appreciably from a 
single exponential. Systemic recirculation did not 
account for this difference, since arterial washout 
curves were very similar in both groups. 
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Myocardial oxygen extraction values did not differ 
between the groups, averaging 12.0 + 0.6 volume 
percent in normal patients and 11.7 + 0.2 volume 
percent in patients with left ventricular dysfunction. 
Because of decreased coronary blood flow, the oxy- 
gen consumption per minute was decreased in pa- 
tients with myocardial disease, and because heart 
rate was increased, oxygen consumption per beat 
was substantially and significantly reduced (Table 
I). 

Mean minor circumferential wall tension was on 
average greater in patients with left ventricular dys- 
function, but there was overlap between the groups. 
This tension variable as well as the tension-time 
index, correlated poorly with myocardial oxygen con- 
sumption, exhibiting a correlation coefficient of 0.18 
and 0.17, respectively (Fig. 3). The average circum- 
ferential fiber-shortening work per unit of myocar- 
dial volume per beat was significantly greater in the 
normal group than in the group with left ventricular 
disease. However, fiber-shortening work correlated 
poorly with myocardial oxygen consumption (r = 
0.30), as did stroke work (r = 0.01). 
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FIGURE 3. Relation between mean circumfer- 
ential tension (A) and tension-time index 
(TT!) (B) and myocardial oxygen consump- 
tion. The vertical bar, labeled NL in Panel A, 
indicates the range of MVO2/beat in 5 nor- 
mal patients studied by Dr. F. Klocke (per- 
sonal communication). 


40 60 80 


The relation between mean Vcr or Vcr at max T, 
and myocardial oxygen consumption exhibited no 
overlap between the groups (Fig. 4). In contrast to 
mean tension, tension-time index and stroke work, 
mean Vcr and Vcr at max T showed significant cor- 
relations with MVO» (r = 0.63). 


Discussion 


This study was undertaken to explore the relation 
between myocardial oxygen consumption and the 
mechanics of contraction of the normal and diseased 
human left ventricle. Although the normal patients 
constituted a small group, the results of their 
mechanical measurements are closely similar to 
those of a larger population of patients with normal 
left ventricular function studied under similar condi- 
tions,15-16 and their coronary blood flow and myocar- 
dial oxygen uptake values are in close agreement 
with values obtained in normal subjects by Klocke et 
al.11 using the same chromatographic method?! (also 
personal communication) (Fig. 3). The patients with 
left ventricular dysfunction exhibited no significant 
valvular, hypertensive or segmental heart disease 


FIGURE 4. Relation between circumferential 
fiber shortening (Vcr) at peak tension (A) 
and mean fiber-shortening velocity (B) with 
myocardial oxygen consumption. 
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and were characterized by showing depressed mean 
circumferential fiber-shortening velocities.1°16 In 
hemodynamic terms, these patients were a heteroge- 
neous group, not all having conventional signs of left 
ventricular disease including cardiac enlargement, 
increased left ventricular end-diastolic pressure or 
low cardiac output. 

Previous studies on myocardial metabolism in pa- 
tients with cardiac hypertrophy and failure have all 
been based on coronary flow estimates made by the 
conventional nitrous oxide method,!-4>22-23 the limi- 
tations of which have recently been discussed.?:1°,24 
In our study, an improved inert gas method was 
used. The indicator was helium, a highly diffusable 
and minimally recirculating gas that could be mea- 
sured in small concentrations in blood samples. Fur- 
thermore, the protocol included prolonged saturation 
and desaturation periods. These methodologic fea- 
tures are important for the detection of low flow 
compartments that are represented in the late parts 
of the desaturation curves.1°.24 The greater accuracy 
and sensitivity of this technique compared to that of 
other inert gas methods has permitted the detection 
of differences among groups of patients previously 
described as having similar coronary blood flow 
values at rest. Thus, although the conventional ni- 
trous oxide and radioactive gas methods have re- 
vealed normal flow in patients with coronary artery 
disease, 2528 decreased values have been demonstrat- 
ed with the chromatographic method in patients with 
this disease.?9 

Diminished coronary flow and oxygen con- 
sumption: One of the major findings of this study 
was the decreased coronary blood flow in patients 
with ventricular dysfunction. Since these patients 
exhibited no increase in the coronary arteriovenous 
oxygen difference, oxygen consumption was also de- 
creased. This change in oxygen consumption proba- 
bly reflects a decreased energy expenditure per unit 
of myocardial volume, as there is no evidence that 
myocardial fuel consumption? or oxidative phospho- 
rylation®® is altered in human cardiac hypertrophy 
and failure. Because energy expenditure may play a 
major role in regulating coronary resistance,*? it is 
possible that the decreased coronary blood flow in 
patients with ventricular dysfunction was deter- 
mined by decreased myocardial oxygen require- 
ments. The coronary venous desaturation curves of 
patients with left ventricular disease deviated from 
single-term exponential, suggesting that distribution 
of flow was not homogeneous. It should be empha- 
sized that the majority of these patients had no 
coronary artery disease. Although none exhibited 
signs of segmental ventricular dysfunction, the possi- 
bility that myocardial fibrosis contributed to the re- 
duced oxygen consumption cannot be ruled out. 

The depressed oxygen consumption in our patients 
with left ventricular disease appears to conflict with 


the results of previous studies demonstrating normal 


or increased values in patients with congestive fail- 


ure.1-4.23 Although this discrepancy may in part be 
due to differences between the nitrous oxide and 
chromatographic methods, the selection of patients 
on the basis of ventricular mechanics rather than on 
hemodynamic status may be important. The term 
heart failure may include patients with a wide spec- 
trum of ventricular mechanics and, accepting that 
the energetics of the heart are to a large extent de- 
termined by its mechanics, one may expect an 
equally wide spectrum of myocardial oxygen con- 
sumption in such patients. Since previous investiga- 
tors did not characterize cardiac function in mechan- 
ical terms, it is not possible to determine whether 
the large ranges of oxygen consumption in their 
studies could have been explained on the basis of 
differences in left ventricular mechanics. It should be 
pointed out that in patients with depressed oxygen 
consumption per myocardial volume, total left ven- 
tricular oxygen consumption may be greater than 
normal because of an increase in myocardial mass. 
Diminished oxygen consumption and myocar- 
dial contractility: In our study wall tension (stress) 
was calculated on the basis of a thick-walled ellip- 
soidal reference figure and assumed a linear force dis- 
tribution across the myocardial wall. The validity of 
this approach has received experimental support 
from experiments in canine ventricles in which cal- 
culated wall stress has shown a good agreement with 
wall stress directly measured with transmural auxo- 
tonic force gauges.?2 By calculating the arithmetic 
mean of the instantaneous tensions at 10 msec inter- 
vals throughout systole, an expression for mean (sys- 
tolic) tension was obtained. Mean tension multiplied 
by the fractional circumferential fiber shortening 
normalizes fiber-shortening work for cross section 
and muscle length, and thus expresses work per 
myocardial volume. Hemodynamic variables, mean 
myocardial wall tension and fiber-shortening work 
overlapped between the groups and correlated poorly 
with myocardial oxygen consumption. However, 
peak and mean fiber-shortening velocities correlated 
significantly with oxygen consumption. Experiments 
in the dog heart have indicated that the effect on 
oxygen consumption of changes in contractility or 
inotropic state can be substantial and similar in 
magnitude to the effect of altering tension develop- 
ment.1% In other experiments, acute depression of 
the contractile state in animals resulted in decreases 
in myocardial oxygen consumption, even though ten- 
sion development was not changed or slightly in- 
creased.?3 The results of this study show that oxygen 
consumption was decreased in the diseased human 
left ventricle in which the inotropic state was de- 
pressed, but equal or even increased amounts of ten- 
sion were developed compared to values in normal 
patients. This finding, in accord with previous obser- 
vations in acute experimental cardiac failure, 
suggests that the inotropic state is important as a 
determinant of myocardial oxygen consumption in 
the chronically depressed human heart. Our results 
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further suggest that in the depressed heart the ino- 
tropic state may be of greater importance than wall 
tension or fiber-shortening work in determining oxy- 
gen consumption of the heart. Finally, these experi- 
ments document the fact that standard hemodynam- 
ic measurements including the stroke work and ten- 
sion-time index need not correlate with oxygen con- 
sumption in human hearts studied in the basal state. 
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This finding does not seem surprising since these in- 
dexes do not take into account differences in myo- 
cardial wall tension related to differences in ventric- 
ular size and shape. 
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Changes in human circulatory physiology occurring in the minutes 
after intracardiac injection of angiographic contrast material have 
been well documented, but little information is available for the peri- 
od of left ventricular opacification. The immediate and instantaneous 
effect on left ventricular function of the rapid intracardiac injection of 
1 ml/kg body weight of 75 percent sodium-meglumine diatrizoate 
(Hypaque M®) into the pulmonary artery, left atrium or left ventricle 
in 43 adult patients was studied by measurement during angiography 
of (1) peak aortic root blood velocity in 28 patients, (2) instanta- 
neous stroke volume (computed from the velocity tracing) in 28 pa- 
tients, (3) heart rate in 41 patients, (4) left ventricular end-diastolic 
pressure in 17 patients, and (5) left ventricular end-diastolic and 
end-systolic volumes (calculated from the single-plane cineangio- 
gram) in 14 patients. 

During left ventricular opacification, variables 1 through 4 differed 
only slightly from control values; the only statistically significant 
changes were in peak velocity after pulmonary arterial injection (114 
percent of control, control = 100 percent), heart rate after left atrial 
injection (93 percent of control) and left ventricular end-diastolic 
pressure after left ventricular injection (110 percent of control). Se- 
quential left ventricular end-diastolic and end-systolic volumes mea- 
sured over 3 to 5 cardiac cycles demonstrated no significant 
change. We conclude that measurements based on angiographic left 
ventricular volumes should be valid and correspond closely to the 
control state. The major hemodynamic changes secondary to con- 
trast injection occur later, beginning 15 to 30 seconds after injec- 
tion. 


This investigation was undertaken because to date there are few re- 
ported observations in man on the effect of intracardiac injection of 
radiographic contrast material on left ventricular performance dur- 
ing left ventricular opacification. The use of angiocardiographically 
measured left ventricular volume is well established as a tool for the 
assessment of myocardial function! and quantitation of valvular 
insufficiency.2, However, the validity of these measurements is de- 
pendent upon the absence of significant effect of contrast injection 
on left ventricular volume, stroke volume and ejection fraction dur- 
ing the period of left heart opacification. 

Angiographic measurements of left ventricular volume are made at 
various times after injection, depending on the site of injection. Vol- 
ume measurements are usually complete within 5 to 6 seconds after 


left heart injection and within 10 to 15 seconds after pulmonary arte- 


rial injection. Studies in man performed 20 seconds or later after injec- 
tion indicate a significant increase in cardiac output and increases in 
mean left atrial and left ventricular end-diastolic pressure, 
(LVEDP), all values peaking 1 to 2 minutes after injection.*:4 In our 
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TABLE | 


General Information on Patient Population Studied and Number of Variables Measured in Each Group 
ES ESE EE RS SOE EY ERS | ke! a SR SS Se bea YE — eS a I r io a T 





> aa Age Sex Indexes Measured (no.) 
Injection EET Je ee a: 

Group no. Site Range Mean M F PV SV HR LVEDP EDV ESV 
UEN SEENE EE T S E RS OS SHE ee LY UTS A SE C Se a OP E SR, aA 
| 10 PA 24-48 37 10 10 10 10 0 0 0 
I 18 LA 18-62 38 14 10 10 15 8 6 6 
HI 21 LV 19-62 45 18 8 8 16 9 8 8 





EDV = left ventricular end-diastolic volume; ESV = left ventricular end-systolic volume; HR = heart rate; LA = left atrium: LV = left 
ventricle; LVEDP = left ventricular end-diastolic pressure; PA = pulmonary artery; SV = stroke volume calculated from velocity tracing. 


Blood Velocity (cm/sec) 


Blood Flow (ml./sec.) 





FIGURE 1. Characteristic velocity catheter recording of instan- 
taneous aortic root blood velocity and flow quantitated on the 
left and right ordinates, respectively. The 2 complexes on the 
left immediately preceded the injection of contrast medium into 
the left ventricle and the 2 complexes on the right were record- 
ed 2.9 seconds later at the time of complete left ventricular 
opacification. Note electrical artifact on velocity recording due 
to atrial depolarization. The vertical time lines inidcate 0.1 sec- 
ond. 


study, the immediate hemodynamic changes at the 
time of left ventricular opacification effected by the 
injection of contrast material into the left ventricle, 
left atrium or pulmonary artery were evaluated by 
the measurement during angiography of beat to beat 
changes in left ventricular pressure, flow and vol- 
ume. 


Methods 


The subjects were 43 adult patients who, after giving 
informed written consent, underwent cardiac catheteriza- 
tion and recording of either left ventricular pressure or 
aortic root blood velocity during and after injection of 
contrast medium. The patients were classified in 3 groups 
according to the site of injection. In 6 patients clinical cir- 
cumstances indicated both left ventricular and left atrial 
injections (for example, left atrial biplane large film and 
left ventricular cineangiograms); thus, 49 injections were 
studied in 43 patients. Data on the ages and sex of pa- 
tients, size of group and measurements made in each 
group are summarized in Table I. 

Group I (pulmonary arterial injection) consisted of 10 
patients who were volunteers for a study evaluating a 
catheter tip electromagnetic velocity probe positioned in 
the aortic root. All had normal clinical and hemodynamic 
findings. 


Group II (left atrial injection) comprised 18 patients 
undergoing right and left heart catheterization for diag- 
nostic purposes. The final diagnosis was mitral stenosis (4 
patients), nonobstructive cardiomyopathy (3), mitral re- 
gurgitation (2), idiopathic pulmonary hypertension (1), 
atrial septal defect (1), pulmonic stenosis (1), and no 
hemodynamic abnormalities (6). The indications for study 
in the latter 6 were heart murmur in 4, chest pain in 1 
(normal selective coronary angiogram) and apparent car- 
diomegaly on chest roentgenogram in 1. 

Group III (left ventricular injection) consisted of 21 pa- 
tients (6 of whom were also in group II) undergoing diag- 
nostic right and left heart catheterization. The final diag- 
nosis in these patients was aortic insufficiency (5 pa- 
tients), aortic stenosis (4), mitral stenosis (3), mitral re- 
gurgitation (2), nonobstructive cardiomyopathy (1), coro- 
nary artery disease (1), idiopathic pulmonary hyperten- 
sion (1), and no hemodynamic abnormalities (4). The in- 
dications for study in the latter 4 were a systolic murmur 
in 2 and chest pain in 2 (normal selective coronary angio- 
grams). 

Catheterization was performed with the patient in the 
fasting state, lightly sedated, supine and at rest. In pa- 
tients in group I, an 8F National Institutes of Health 
catheter was passed into the pulmonary artery, and an 8F 
catheter-tip electromagnetic velocity probe® was intro- 
duced percutaneously into the aorta by way of the femoral 
artery with a Desilets-Hoffman catheter introducer (U. S. 
Catheter and Instrument Corp.).® Patients in groups II 
and III underwent left heart catheterization with use of 
transseptal puncture.? Seventeen patients in groups II and 
II had an 8F Gensini catheter positioned in the left ven-. 
tricle by percutaneous introduction into the femoral ar- 
tery for the measurement of left ventricular pressure with 
a Statham P23Db strain gauge during injection of contrast 
medium. Left ventricular end-diastolic pressure was mea- 
sured at the beginning of the rapid increase in pressure. 
Eighteen patients in groups II and III had an electromag- 
netic velocity probe placed in the root of the aorta as de- 
scribed for patients in group I. 

Injection was performed during held inspiration without 
Valsalva maneuver using 1 ml/kg body weight of 75 per- 
cent sodium-meglumine diatrizoate injected at 800 lb/ 
inch? (Cordis II injector) through a tip-occluded 8F cathe- 
ter (National Institutes of Health or Brockenbrough). Aor- 
tic root blood velocity or left ventricular pressure, electro- 
cardiogram, a marker indicating time and duration of in- 
jection and a marker indicating time of exposure for each 
frame of the cineangiographic films were recorded optical- 
ly on paper at 100 mm/sec (Model DR-8, Electronics for 
Medicine) and on 1 corner of each frame of cineangiogra- 
phic film (Cine-Trace, Electronics for Medicine). Cinean- 
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giography was performed in the anteroposterior or right 
anterior oblique projection using 35 mm film exposed at 
60 frames/sec from a 9 inch image intensifier. 

Instantaneous aortic root blood velocity was recorded 
using an electromagnetic flowmeter (Carolina Medical 
Electronics) that has a 10 percent decrease in amplitude 
response and a phase lag of 4.5°/cycle per sec between 1 
and 7 cycles/sec.® The flowmeter was operated in the 10 
msec damping position. Because the catheter tip rested in 
the left coronary sinus and the curve of the catheter proxi- 
mal to the velocity sensing electrodes rested on the right 
ascending aortic wall, the electrodes were held near the 
center of the aortic root about 4 cm above the aortic 
valve. This placement largely eliminated catheter motion 
and resultant artifacts in the velocity recording (Fig. 1). 
Virtually all velocity records were usable. 

Maximal aortic root blood velocity was measured on 
each beat as the peak height in millimeters from the zero 
velocity base line, which was taken as the last third of the 
preceding diastole. This zero base line was stable from 
beat to beat (Fig. 1). A measure of stroke volume was ob- 
tained by using planimetry to measure the area under the 
velocity curve of each beat. Accurate measurements have 
demonstrated that the change in the cross-sectional area 
of the human ascending aorta during the cardiac cycle is 
only £5.9 percent.’ Thus, velocity is proportional to flow, 
and the area under the velocity curve proportional to 
stroke volume. The velocity measuring system was repro- 
ducibly calibrated (1) in vivo, by making angiographic 
measurements of the cross-sectional area of the aortic root 
at the level of the velocity electrodes immediately after 
indicator-dilution measurements of cardiac output, and 
(2) in vitro, after each patient study by recording the ve- 
locity of a measured volume of human blood passing 
through a tube of measured cross-sectional area in mea- 
sured time. All values are expressed as percent of control 
to avoid any possible errors connected with flow calibra- 
tion. The change in instantaneous cardiac output was 


TABLE Il 


computed by multiplying the change in instantaneous 
heart rate by the change in instantaneous stroke volume. 
These methods and the instrumentation utilized in mea- 
suring instantaneous blood velocity and flow have been 
quantitatively evaluated by a previous investigation." 
Peak aortic root blood velocity measured with the velocity 
probe correlated closely with the peak left ventricular 
ejection rate determined from cineangiographic left ven- 
tricular volume measurements (data being prepared for 
publication). 

All premature beats and the beat occurring immediate- 
ly after a premature ventricular contraction were omitted 
from the analysis. However, all patients had sinus rhythm 
except 1, who had virtually regular atrial fibrillation. In- 
stantaneous heart rate was computed from the R-R inter- 
val. Data were recorded for every second after the beginning 
of injection. Means and the statistical significance of the 
difference between means of paired variables were com- 
puted by standard statistical techniques. 

Left ventricular volume was measured in 14 patients 
who had left heart injections, and who had adequate left 
ventricular opacification and a stable sinus rhythm. The 
volume was measured for each frame of the cineangiogram 
through 3 or more sequential cardiac cycles from the sin- 
gle plane cineangiogram by the area-length method.'° 
Calculations and digital smoothing of the volume curves 
were performed with the aid of a computer by techniques 
developed in this laboratory.?? 


Results 


The mean response, expressed as percent of control 
plus or minus 1 standard deviation, for each of the 
variables studied in each group is given in Table II. 

Pulmonary arterial injection (group I): Figure 2 
illustrates the average changes in peak aortic root 
blood velocity, stroke volume and heart rate that oc- 
curred during and after injection of contrast material 


Mean Response of Peak Aortic Root Blood Velocity, Stroke Volume (Calculated From Velocity Tracing), Heart Rate, and 
Left Ventricular End-Diastolic Pressure (LVEDP) to Contrast Injection Expressed as Percent of Control + 1 Standard Deviation 


(Control = 100). 





Time After Injection (seconds) 


























Variables no. 0 2 4 8 10 12 14 16 
Group | Peak velocity 10 100 108+ 11 108+15 114+ 14* 107419 104421 103416 101+ 22 
(PA injection) Stroke volume 10 100 vee 112+ 18 110+14 112+19 104+ 20 99+ 23 103+ 25 96 + 23 
Heart rate 10 100 ate 90 + 8 101+ 9 102+ 15 108+15 113411¢ 1194+ 14+ 124+ 16+ 
Group II Peak velocity 10 100 106+ 18 109+ 13 106+17 115+ 13+ 120+ 17+ 
(LA injection) Stroke volume 10 100 111+ 16 114+ 22 111 + 30 117+ 20* 121+ 16+ 
Heart rate 15 100 96+10 93+ 10* 93+ 8+ 98 + 7 103 + 14 
LVEDP 8 100 130+ 26 150+ 66 132+ 48 111+ 14 104+ 40 
Group II Peak velocity 8 100 T 96 + 8 106+19 106+14 111+ 21 
(LV injection) Stroke volume 8 100 108+18 110215 117+ 19* 1213 23* 
Heart rate 16 100 Sinks 101 + 7 100 + 9 103 + 9 107 + 9* 
LVEDP 9 100 110+ 7* 106+ 18 1017 103+ 16 107+ 12 





* Significantly different from control, P <0.05. 
+ Significantly different from control, P <0.01. 


LA = left atrial; LV = left ventricular; no. = number of patients studied; PA = pulmonary artery; Peak velocity = peak aortic root 
blood velocity. 
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FIGURE 2. Group |. Peak aortic root blood velocity, left ventric- 
ular stroke volume and heart rate expressed as percent of con- 
trol (control = 100 percent) after injection into the pulmonary 
artery of 1 ml/kg body weight of 75 percent sodium-meglumine 
diatrizoate. Each curve represents the average of 10 patients. 
Maximal changes observed were: peak velocity 114 percent of 
control at 8 seconds (P <0.05), stroke volume 112 percent of 
control at 8 seconds (not significant), and heart rate 124 per- 
cent of control at 16 seconds (P <0.01). The cross-hatched 
rectangles labeled PA and LV represent the time of pulmonary 
arterial injection and left ventricular opacification, respectively. 


into the pulmonary artery of 10 patients. The aver- 
age duration of injection was 2.3 seconds, with left 
heart opacification adequate for volume determina- 
tion occurring on the average between 7.9 and 10.1 
seconds after injection. Although there was a statis- 
tically significant increase in peak aortic root blood 
velocity (Fig. 2 and Table II), changes in all vari- 
ables were slight (in all cases less than 114 percent of 
control value) during left ventricular opacification 
(no change equals 100 percent of control value). Dur- 
ing left ventricular opacification 8 and 10 seconds 
after injection, the instantaneous cardiac output 
changed to 116 and 112 percent of control values, re- 
spectively. 

Left atrial injection (group II): The averaged 
data for left atrial injection are shown graphically in 
Figure 3. The measurements between 15 and 30 sec- 
onds for 4 patients are plotted to illustrate the time 
at which the major hemodynamic changes begin to 
occur, but were not analyzed statistically. The aver- 
age duration of injection was 2.2 seconds, with left 
ventricular opacification adequate for volume deter- 
mination occurring on the average between 1.8 and 
5.6 seconds after onset of injection. During left ven- 
tricular opacification the changes in peak aortic root 
blood velocity, stroke volume and heart rate were all 
small and not statistically significant, except for a 


decrease in heart rate to 93 percent of control level 
at 4 and 6 seconds (P <0.05) (Fig. 3 and Table II). 
The change in instantaneous cardiac output during 
left ventricular opacification was again very small 
(107 and 106 percent of control value at 2 and 4 sec- 
onds after injection, respectively). However, at the 
end of 30 seconds, the instantaneous cardiac output 
had increased to 178 percent of control level in 4 pa- 
tients. 

In 8 patients, the average left ventricular end-dia- 
stolic pressure rose to 150 percent of control value at 
4 seconds after the onset of injection (not statistical- 
ly significant because of the large variation in re- 
sponse). Most of this increase was due to a 300 per- 
cent increase in left ventricular end-diastolic pres- 
sure from 5 to 15 mm Hg at 4 seconds in 1 patient 
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FIGURE 3. Group Il. Peak aortic root blood velocity, left ven- 
tricular stroke volume, heart rate and left ventricular end-dia- 
Stolic pressure (LVEDP) expressed as percent of control (con- 
trol = 100 percent) after injection into the left atrium of 1 
ml/kg of 75 percent sodium-meglumine diatrizoate are demon- 
strated. The curves for peak velocity and stroke volume repre- 
sent an average for 10 patients (@——@) and 4 patients (O- 
---O). Heart rate was averaged for 15 patients (@®——@®@) and 
3 patients (O----O). Left ventricular end-diastolic pressure 
(LVEDP) was averaged for 8 patients. Maximal changes ob- 
served in the first 10 seconds were: peak velocity 120 percent 
of control at 10 seconds (P <0.01), stroke volume 121 percent 
of control at 10 seconds (P <0.01), heart rate 93 percent of 
control at 6 seconds (P <0.01) and left ventricular end-diastolic 
pressure 150 percent of control at 4 seconds (not significant). 
The hatched rectangles labeled LA and LV represent the time of 
left atrial injection and left ventricular opacification, respective- 
ly. 


310 March 1973 The American Journal of CARDIOLOGY Volume 31 


HEMODYNAMIC EFFECTS OF CARDIAC ANGIOGRAPHY—HAMMERMEISTER AND WARBASSE 


----- End-diastolic Volume ©& j 
—— End-systolic Volume 





500 
400 
G 
hd 
Z 350 
2 
O 
> 300 e----*----®-----6-----9----6 
at 
$ 
OA OT be ee N On 
z 2 i ae 
i ° 
> 200 
re 
uy eee 0-@====-9- === y-0--O =p 
150 ER. Pea 
atin ric YA 0----- D 
8----a8----g----- a 
100 
= TS 
50 iat oe ee 
p GANA iniection 
0 1 2 3 4 5 6 7 e 


TIME AFTER INJECTION (Seconds) 


FIGURE 4. Sequential left ventricular end-diastolic (dotted 
lines) and end-systolic (solid lines) volumes measured from the 
single plane cineangiogram are shown for 6 patients. Similar 
symbols denote volumes from a given patient. Each series 
of connected points represents 3 or more volumes in a 
given patient after left atrial injection of 1 ml/kg of 75 percent 
sodium-meglumine  diatrizoate. No statistically significant 
change occurred in either end-diastolic or end-systolic volume. 
The hatched rectangle labeled LA represents the time of left 
atrial injection. 


(which may have been the result of a transient Val- 
salva maneuver). 

Figure 4 shows sequential left ventricular end-dia- 
stolic and end-systolic volumes after left atrial injec- 
tion in 6 patients. No consistent change can be seen. 
The end-diastolic and end-systolic volumes of the 
first and third cardiac cycles of left ventricular opac- 
ification were averaged to give an estimate of any 
change in volume during this interval. The average 
first end-diastolic volume was 246 ml compared with 
an average third end-diastolic volume of 248 ml (no 
significant change). The average first end-systolic 
volume was 137 ml compared with an average third 
end-diastolic volume of 140 ml (no significant 
change). 

Left ventricular injection (group III): Figure 5 il- 
lustrates the averaged data during and after injection 
into the left ventricle. The average duration of injec- 
tion was 2.7 seconds, with left ventricular opacifica- 
tion adequate for volume determination occurring on 
the average between 2.0 and 5.0 seconds after the 
onset of injection. No data on peak velocity, stroke 


volume or instantaneous heart rate are plotted for 
the first 3 seconds after injection because of the fre- 
quent premature ventricular beats that occurred 
with injection. During left ventricular opacification 
the changes in peak aortic blood velocity, stroke vol- 
ume and heart rate were all small and not statisti- 
cally significant (Fig. 5 and Table II). A small, but 
statistically significant, increase in left ventricular 
end-diastolic pressure to 110 percent of control value 
at 2 seconds was seen. In 2 patients studied to 30 
seconds, maximal observed change in peak velocity 
and stroke volume occurred at 30 seconds (124 and 
133 percent of control value, respectively). Instanta- 
neous cardiac output was only 109 percent of control 
value during left ventricular opacification (4 sec- 
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FIGURE 5. Peak aortic root blood velocity, left ventricular 
stroke volume, heart rate and left ventricular end-diastolic pres- 
sure (LVEDP) expressed as percent of control (control = 100 
percent) after injection into the left ventricle of 1 ml /kg of so- 
dium-meglumine diatrizoate are shown. Curves for peak velocity 
and stroke volume indicate average values for 8 patients (@— 
—@) and 2 patients (O----O). Heart rate was measured in 16 
patients (@——@) and 2 patients (O----O). Left ventricular 
end-diastolic pressure was measured in 9 patients (@——®@) 
and 3 patients (O----O). Maximal changes observed in the 
first 10 seconds were: peak velocity 111 percent of control at 
10 seconds (not significant), stroke volume 121 percent of con- 
trol at 10 seconds (P <0.05), heart rate 107 percent of control 
at 10 seconds (P <0.05) and left ventricular end-diastolic pres- 
sure 110 percent of control at 2 seconds (P <0.05). The lower 
hatched rectangle represents the time of left ventricular injec- 
tion, and the upper hatched rectangle the time of left ventricular 
opacification. 
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FIGURE 6. Sequential left ventricular end-diastolic (dotted 
lines) and end-systolic (solid lines) volumes measured from the 
single plane cineangiogram are shown for 8 patients. Similar 
symbols denote volumes from a given patient. No statistically 
significant change occurred in either end-diastolic or end-sys- 
tolic volume. Each series of connected points represents 3 or 
more volumes in a given patient after left ventricular injection of 
1 cc/kg of sodium-meglumine diatrizoate (hatched rectangle). 
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onds), but increased to 189 percent of control value 
at 30 seconds (2 patients). 

Sequential end-diastolic and end-systolic volumes 
were measured over 3 or more cardiac cycles in 8 pa- 
tients (Fig. 6). Again, no consistent change in either 
volume is apparent. The average of the first end-dia- 
stolic volume measured in each patient was 199 ml, 
changing to only 201 ml (not significant) by the 
third opacified cycle. The average end-systolic vol- 
ume for the first opacified cycle was 61 ml, changing 
to only 67 ml (no significant change) for the third 
opacified cycle. 

Comparison of subjects with and without cardi- 
ac disease: Although the number of patients in each 
diagnostic category was too small to allow analysis of 
response to contrast injections according to cardiac 
lesion, the data were analyzed for patients with car- 
diac disease vs. those without disease for groups II 
and III combined (Table III). No variable showed a 
statistically significantly different response to left 
atrial or left ventricular injection 4 seconds after in- 
jection (or third end-diastolic volume or end-systolic 
volume determination compared with that of the 
first cycle) in patients with heart disease as opposed 
to those without. However, the greatest mean change 
from control value (or first end-systolic volume) for 
all variables except end diastolic volume occurred in 
the normal group. 


Discussion 


Mechanisms of Hemodynamic Effects 


The intracardiac injection of organic iodide con- 
trast agents is well known to cause profound hemo- 
dynamic changes. Potential mechanisms by which 


these might occur are (1) the effect of a sudden in- 
crease in left ventricular volume by the rapid addi- 
tion of 60 to 70 ml (approximately 1 stroke volume) 
into the ventricle over several cardiac cycles, (2) a 
direct myocardial depressant effect of the contrast 
material after it has passed through the coronary 
system into the myocardium, (3) peripheral vasodi- 
latation and secondary reflex responses induced 
when the hypertonic contrast agent reaches the pe- 
ripheral circulation, and (4) the intravascular vol- 
ume expansion occurring as a result of transfer of 
water to the intravascular space to balance the 
hypertonicity of the contrast material. 

Effect of sudden increase in left ventricular vol- 
ume: Some previous experimental animal studies 
demonstrated relatively little effect of left ventricu- 
lar injection of about 1 ml/kg of body weight of 
isotonic solution over a period of 2 to 3 seconds. 12-13 
However, in an earlier study, Krovetz et al.14 dem- 
onstrated a striking decrease in systemic pressure 5 
to 10 seconds after injection of 1 ml/kg of normal sa- 
line solution into the left ventricle of dogs. Brown et 
al.3 showed that in man the injection of 1.5 ml/kg of 
dextran into the left ventricle over 1.5 seconds 
caused little change in systemic pressure, heart rate 
or cardiac output, in contrast to the same volume of 
sodium-meglumine diatrizoate, which caused signifi- 
cant changes in all variables. However, their mea- 
surements began 20 seconds after injection. Our re- 
port demonstrates minimal hemodynamic changes 
during left ventricular opacification. 

The reason that the rapid injection of about 1 
stroke volume to the left side of the heart has such 


TABLE Ill 


Response to Injection of Contrast Medium in Normal 
Subjects vs. Those with Cardiac Disease 4 Seconds 
After Injection (Left Atrial and Left Ventricular 
Injection Combined) 





o% of Control 
(mean + 
standard 
Variable Group no. deviation) P Value 
Peak velocity Normal 5 109+ 17 >0.4 
Abnormal 9 101+ 9 
Stroke volume Normal 5 Tig = 25: >0.4 
Abnormal 9 108+ 15 
LVEDP Normal 5 124218 >0.2 
Abnormal 9 111+ 20 
Heart rate Normal 8 9+ 12. 50.5 
Abnormal 21 97+ 8 
(3rd EDV/1st EDV) X 10? Normal 5 100+3 £=>0.5 
Abnormal 9 li0i+A 
(3rd ESV/1lst ESV) X 10? Normal 5 116+19 >0.4 
Abnormal 9 107+ 24 


EDV = left ventricular end-diastolic volume; ESV = left ven- 
tricular end-systolic volume; LVEDP = left ventricular end-dia- 
stolic pressure; P = significance of difference between mean of 
normal and abnormal groups. 
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little effect may be more apparent with some simple 
calculations. Assume that a left ventricular injection 
of 60 ml is administered over 3 seconds and that 
heart rate is 80 beats/min. Contrast material is de- 
livered over 4 systoles and 4 diastoles, or approxi- 
mately 7.5 ml per individual systole or diastole. The 
addition of 7.5 ml during systole is immediately 
ejected into the aorta and could increase stroke vol- 
ume by about 10 percent (assuming a normal stroke 
volume of about 75 ml). The delivery of 7.5 ml dur- 
ing diastole need not cause a similar increase in left 
ventricular end-diastolic volume since left ventricu- 
lar filling from the left atrium and pulmonary veins 
may be decreased to a corresponding degree. Indeed, 
our study shows approximately a 10 percent increase 
in stroke volume during left ventricular or left atrial 
injection, but little or no change in end-diastolic vol- 
ume. 


Direct depressant effect on myocardial contrac- 
tility: A drop in left ventricular or aortic pressure 
after selective injection of a coronary artery is well 
known and presumably due to a direct effect on 
myocardial contractility. Austen et al.‘° demon- 
strated a significant decrease in right ventricular 
contractile force measured in dogs with a Walton- 
Brodie strain gauge after injection of contrast mate- 
rial into the right ventricle, pulmonary artery or as- 
cending aorta, but not after injection into a periph- 
eral artery. However, our study demonstrated no de- 
crease in peak velocity or stroke volume during the 
first 10 seconds after injection into either the right or 
left side of the heart. Other studies in man consis- 
tently demonstrate increases in cardiac output, 
stroke volume and left ventricular minute work in 
the first several minutes after injection.?:1© The de- 
crease in systemic arterial pressure seen within the 
first minute after injection? of contrast medium may 
be due to depression of myocardial contractility, but 
may also be due to the peripheral vasodilating effect 
of the contrast material. The increase in left ventric- 
ular end-diastolic pressure peaking 2 to 3 minutes 
after injection‘ is as likely to be due to expansion of 
the intravascular volume as to depression of contrac- 
tility. It seems reasonable to postulate that no de- 
pression in circulatory hemodynamics was observed 
in our study because of the counteraction of the 
myocardial depressant effect of contrast material by 
circulatory enhancement due to (1) addition of vol- 
ume to the left ventricle, (2) sympathetic reflex re- 
sponse to peripheral vasodilatation, and (3) intravas- 
cular volume expansion. 


Peripheral vasodilatation and secondary reflex 
responses: The increase in cardiac output after in- 
jection of contrast medium appears to peak 1 to 4 
minutes after injection.? Our studies carried out to 
30 seconds after left heart injection in several pa- 
tients show a continuing increase in peak aortic root 
blood velocity and stroke volume beginning about 10 
seconds after injection. (Because it was the intent of 
this study to analyze hemodynamic changes only 
during the time of left ventricular opacification when 


they would affect angiographic left ventricular vol- 
ume analysis, data were not obtained during the 
time of maximal hemodynamic change 30 to 90 sec- 
onds after injection. Hemodynamic changes at this 
later time have been well documented in other stud- 
ies.3-4) This time course is compatible with a mecha- 
nism secondary to the effect of contrast material on 
the peripheral circulation. Brown et al. demon- 
strated a drop in systemic systolic and diastolic pres- 
sure, systemic vascular resistance and a doubling of 
limb flow, all peaking 1 to 2 minutes after injection. 
It would appear that these changes would be due to, 
at least in part, the peripheral vasodilation with a 
sympathetically mediated chronotropic and inotropic 
response. 

Intravascular volume expansion: A fourth 
mechanism that undoubtedly plays a role in the in- 
crease in cardiac output is an increase in intravascu- 
lar volume.!7 A rapid drop in level of hematocrit oc- 
curs within 1 to 2 minutes after injection.*:1® This re- 
duction may be due in part to loss of red cell water 
and volume to the hypertonic contrast media. How- 
ever, Iseri et al.18 have demonstrated a very rapid in- 
crease in plasma volume by as much as 300 ml after 
injection of only 30 to 40 ml of contrast material. 
This increase is due to the osmotic transfer of water 
from the extravascular space to the hypertonic plas- 
ma. The rapidity with which this can occur (the in- 
crease in plasma volume peaking within 2 minutes 
after injection) has been clearly documented,!® and 
coincides with the time of peak increase in cardiac 
output. 


Significance of Findings 

Several investigators have emphasized caution in 
the interpretation of data obtained from and during 
angiocardiography because of significant hemody- 
namic changes occurring during and immediately 
after intracardiac injection in animals.13-14.19 Our 
study, which appears to be the first to systematically 
measure multiple hemodynamic variables during and 
immediately after contrast injection in man under 
clinical diagnostic conditions, demonstrates that 
only minimal changes occur during left ventricular 
opacification. The major changes occur later, at ap- 
proximately the time the contrast agent reaches the 
peripheral circulation. Thus, angiographic left ven- 
tricular volumes and data derived from them should 
approximate the control state provided that mea- 
surements are not made during the occurrence of ar- 
rhythmias induced by injections. Our study of se- 
quential cineangiographically measured end-diastolic 
and end-systolic volumes supports this conclusion. If 
left heart injection caused sufficient change in ven- 
tricular dimensions and function to invalidate an- 
giographic volume data, one would expect to see 
continuing change in sequentially measured left ven- 
tricular end-diastolic and end-systolic volumes. This 
was not observed in sequential volumes measured 
from 1 to 5 seconds after the beginning of left atrial 


or left ventricular injection. 
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The angiographic volume data presented here dif- 
fer slightly from those recently reported by Carle- 
ton,?° who noted a small but statistically significant 
increase in end-diastolic volume by the third opaci- 
fied cycle and progressive increases in end-diastolic 
and end-systolic volume on the fourth and fifth cy- 
cles in 7 patients with left ventricular injection. The 
methodology in our study and Carleton’s is virtually 
identical except that the mean duration of in- 
jection was longer in our study (3.1 seconds vs. 2.0 
seconds), and the concentration of sodium-meglu- 
mine diatrizoate was greater in our study (75 vs. 50 
percent). In our study left ventricular opacification 
was not sufficient to permit analysis of more than 4 
end-diastolic volumes or 3 end-systolic volumes in 
most patients. On the fourth end-diastolic volume 
determination there was still no significant change 
over the first end-diastolic volume for either left atri- 
al or left ventricular injections. The difference be- 
tween the 2 studies may be explained partly by the 
difference in the rate of injection (30 cc/sec in Carle- 
ton’s study vs. about 20 cc/sec in ours) resulting in 
increased end-diastolic and end-systolic volume by 
the more rapid injection in Carleton’s study. Our 


conclusions differ in that we believe volume mea- 
surements made throughout the period of left ven- 
tricular opacification (rarely more than 3 to 4 cardi- 
ac cycles) closely approximate those of the preinjec- 
tion state. 

The data in our study were obtained with only 1 
brand of radiographic contrast material (Hypaque- 
M®). However, another of the more commonly used 
brands (Renografin®) is virtually identical in chemi- 
cal composition (sodium-meglumine diatrizoate). 
Also, since the major effects of rapid injection of con- 
trast material are probably a result of hypertonicity, 
it is likely that our data are applicable to most con- 
trast agents. By presenting evidence that cardiac an- 
giography does not significantly alter heart function 
during the critical period of left ventricular opacifi- 
cation, our report serves to establish that angio- 
graphic volume measurements can reliably be used 
to evaluate cardiac function. 
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Hemodynamic changes in supine and upright position (50° head-up 
tilt) and during exercise were studied in 40 normal subjects and 85 
patients. with borderline hypertension. The latter were classified in 
2 groups, according to the level of cardiac index. In group 1, with 
patients in the supine position, cardiac index, stroke index, heart 
rate and plasma volume were normal, but total peripheral resistance 
was increased (P <0.01). During upright tilt, orthostatic decrease of 
mean arterial pressure (P <0.05) was observed, and the increase in 
total peripheral resistance was not greater than in normal subjects. 
The hemodynamic response to exercise was similar to that of normal 
subjects. In patients in group II, cardiac index, stroke index and 
heart rate were increased (P <0.001), but plasma volume was de- 
creased (P <0.01) and total peripheral resistance was below normal 
(P <0.001). With patients in the upright position, diastolic orthostatic 
hypertension was observed (P <0.001) and total peripheral resis- 
tance was greater than normal (P <0.01) despite an abnormal fall of 
cardiac index (P <0.05). The hemodynamic response to exercise 
indicated that total peripheral resistance did not decrease as in 
normal subjects and in patients of group | (P <0.001). This study 
provides evidence that (1) total peripheral resistance is abnormal in 
patients with borderline hypertension, but only during upright tilt and 
exercise in patients with high cardiac index, and (2) 2 main disorders 
seem to be important in the early stage of hypertension: abnormality 
of blood volume (or blood volume distribution, or both) and impaired 
neurogenic activity. 


Since the study of Wezler and Boger,! increased cardiac output has 
been considered the main hemodynamic finding in borderline hyper- 
tension and has been thought to play a possible role in the early 
stages of this lesion.2 However, borderline hypertension is always dif- 
ficult to define clinically, and the true frequency of the increased 
output has not been specifically studied. To determine the role of the 
latter in borderline hypertension, we undertook a study of 85 pa- 
tients who were classified in 2 groups according to the level of cardi- 
ac output. 


Methods 


Forty normotensive subjects and 85 patients with untreated borderline 
hypertension were studied. Borderline hypertension was defined as the state 
of patients who had, in 3 casual diastolic blood pressure determinations ob- 
tained during the previous year, at least 1 with a value of 90 mm Hg or 
more and at least 1 with a value of less than 90 mm Hg. The mean duration 
of hypertension was 41 + 2 months. 

Hemodynamic study was performed during 6 days of hospitalization. The 
patients had a normal dietary sodium intake (110 mEq/day), and adminis- 
tration of all drugs was discontinued a month before the study. Etiologic in- 
vestigation consisted of a blood and urinary ionogram, catecholamine assay, 
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TABLE | 


Clinical Characteristics of Normal Subjects and Patients 
with Hypertension 





Borderline Hypertension 





Normal Group |: Normal Group Il: High 
Subjects Cardiac Index Cardiac Index 
(1) (2) (3) 
Number 40 27 58 
Age (yr) 35: 2 ef a1 23,52 1* 
Body surface 1.75+0.02 1.82+0.03 1.84+0.02} 
area (m?) 





* P <0.01 between (1) and (2). 
+ P <0.01 between (1) and (3) + 1 standard error of the mean. 


creatinine clearance determination, timed intravenous 
urogram with wash-out or renal arteriogram, or both. In 
all cases, borderline hypertension was of unknown origin, 
and hyperthyroidism was excluded. The mean age of the 
85 patients (75 men and 10 women) was 25 + 1 years; cre- 
atinine clearance value was 120 + 3 ml/min per m2, and 
optic fundi were always normal. No patient had cardiac or 
neurologic involvement. 

After overnight fasting the patients were brought to the 
hemodynamic laboratory without premedication. A trans- 
cutaneous catheter was inserted through an antecubital 
vein into the subclavian vein for the injection of indocyan- 
ine green dye and an 18 gauge thin-walled needle was also 
inserted into a brachial artery for the measurement of in- 
traarterial pressure and withdrawal of blood for indicator- 
dilution curves. Cardiac output was determined with use 
of a Waters cuvette and densitometer as described pre- 
viously.* Cardiac output was measured at least twice with 
the subject supine and during 2 and 5 minutes of 50° 
head-up tilt, so that duplicate determinations could be 
made. Any patient with illness was eliminated. Particular 
care was taken to ensure accurate pressure determinations 
by having the patients’ arms extended so that the pres- 
sure transducers, needles and tubing were at atrial level 
at all times. In addition, the pressure transducers and re- 
cording systems were calibrated and referred to zero pres- 
sure during all supine, tilt and post-tilt. periods. All tilt 
tests were performed at least twice. The first tilt test also 
provided a period of familiarization for the second study 
in which output determinations were also made. In no in- 
stance was the blood pressure response significantly dif- 
ferent on the repeat tilt test. After the tilt test, 7 minutes 
of exercise was performed in the reclining position, after 
the patient had been lying supine for 30 minutes. A bicy- 
cle ergometer was used at a rate of 40 revolutions/min, at 
a work load of 100 watts. Cardiac output and blood pressure 
were measured at 5 and 7 minutes of exercise. 

Cardiac output was determined by the Stewart-Hamil- 
ton method.*:> Cardiac index was expressed as ml/min 
per m? by correcting for body surface area. Mean arterial 
pressure was measured with an electronic integrator 
(Thomson-Telco). Total peripheral resistance (TPR) was 
calculated from the following formula: 


TPR (dynes sec cm~5-m?) = MAP/CI x 80 
where MAP = mean arterial pressure (millimeters of mer- 


cury) and CI = cardiac index (liters per minute per 
square meter). 


Before the hemodynamic study, plasma volume was 
also measured in the same patients in the recumbent po- 
sition. It was determined by isotope dilution technique 
with use of radio-iodinated albumin as previously de- 
scribed.* After a control sample was taken, 3 aCi was in- 
jected at zero time; 10 minutes later, a sample was taken 
for counting. Plasma volume was expressed in milliliters 
per kilogram. For the statistical study, the significance of 
difference of means and of paired averages between groups 
was determined by Student’s ¢ test.6 


Results 


Supine hemodynamics: The cardiac index of nor- 
mal subjects was 3374 + 105 ml/min per m? (+1 
SEM). Since the normal ranges of cardiac index were 
defined as +2 SEM, it was possible to classify patients 
with borderline hypertension in 2 groups, according 
to the level of cardiac index (Tables I and II). 

Group I: In these patients, cardiac index was nor- 
mal (3203 + 56 ml/min per m2). Systolic, diastolic 
and mean arterial pressures were significantly in- 
creased (Table II), but systolic index, heart rate and 
plasma volume were normal (Table III). Total pe- 
ripheral resistance was significantly greater than 
normal (P <0.01). 

Group II: In these patients cardiac index was in- 
creased (4570 + 122 ml/min per m?; P <0.001). Sys- 
tolic, diastolic and mean arterial pressures were sig- 
nificantly increased to the same extent as in patients 
in group I (Table I). Stroke index and heart rate 
were increased (P <0.001); plasma volume (P <0.01) 
(Table III) and total peripheral resistance (P <0.001) 
(Table II) were significantly decreased. 

Hemodynamic responses to tilt (Table II): 
Group I: Systolic and diastolic arterial pressures did 
not change when these patients were in the upright 
position, but a significant percentage fall of mean 
arterial pressure was observed (P <0.05). Cardiac 
index fell to the same degree as in normal subjects, 
but peripheral resistance was not increased above 
the level of resistance of normotensive subjects. 

Group II: In these patients, systolic and mean ar- 
terial pressures did not change during the upright 
tilt test, but a significant diastolic orthostatic hyper- 
tension (percentage increase) was observed in this 
group (P <0.001). During the upright position, car- 
diac index and stroke index were lower than in nor- 
mal subjects (P <0.05), but these patients had 
greater percent increase of total peripheral resistance 
than normal subjects (P <0.01) and patients in 
group I (P <0.001). 

Hemodynamic responses to exercise (Table IV): 
Group I: In this group the percentage increases of 
arterial pressure, cardiac index and systolic index 
were similar to those of normal subjects. The percent 
increase in heart rate and decrease in total peripher- 
al resistance were slightly greater than normal (P 
<0.05). 

Group II: In these patients, percent increases of 
arterial pressure and heart rate were normal, but the 
rise in cardiac index and systolic index was less than 
in normal subjects (P <0.05; P <0.001). Values for 
total peripheral resistance (percent decrease) were 
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TABLE Il 


Hemodynamic Findings in Normal Subjects and Patients with Hypertension (mean + 1 standard error of the mean) 





Borderline Hypertension 





Normal Subjects Group | Group II Ct ee a ee) 
(1) (2) (3) 2 vs. 1 3 vs. 1 3 vs. 2 
SAP (mm Hg) 
L 127 +2 141+ 4 143+ 2 0.001 0.001 NS 
S 130+ 5 132+ 5 142 + 4 NS NS NS 
% +2+1 —7+2 —1 +1 NS NS NS 
DAP (mm Hg) 
L 68 + 2 74+ 2 At? 0.05 0.01 NS 
S 73+ 4 76+ 4 82 + 2 NS 0.05 NS 
% +2+2 —3+ 4 +14+ 2 NS 0.001 0.01 
MAP (mm Hg) 
L 89+ 2 98 + 2 99+ 1 0.05 0.001 NS 
S 94+ 4 92+ 4 103 + 2 NS NS 0.02 
% +1+1 —5+ 3 +4+ 2 0.05 NS 0.01 
HR (beats/min) 
L 72+1 +2 81+ 2 NS 0.001 0.01 
S 85 + 2 86 + 4 95 + 2 NS 0.01 0.05 
% +21+ 3 +26+ 5 +18+ 2 NS NS NS 
CI (ml/min per 
m?) 
L 3374 + 105 3203 + 56 4569 + 122 NS 0.001 0.001 
S 2958 + 161 2752 + 122 3666 + 127 NS 0.01 0.001 
% —10+ 2 —12+ 3 —20 + 2 NS 0.05 N 
SI (ml/m?) 
L 47 +2 46+ 2 5S7+1 NS 0.001 0.001 
S 352 32+ 2 36+ 1 NS NS NS 
% —25 + 2 —28+ 4 —36+ 2 NS 0.05 NS 
TPR (dynes sec 
cm. m?) 
L 2173 + 72 2464 + 60 1805 + 52 0.01 0.001 0.001 
$ 2629 + 140 2852 + 134 2672 + 100 NS NS NS 
% +18 + 3 +17+ 6 +52 + 6 NS 0.01 0.001 


i re Ee 


Cl = cardiac index; DAP = diastolic arterial pressure; HR = heart rate; L = lying position; MAP = mean arterial pressure; % = per- 
centage decrease (or increase) between lying and standing position for 73 patients having the 2 determinations. SAP = systolic 
arterial pressure; S = standing position; SI = systolicindex; TPR = total peripheral resistance. 


lower than normal, but the difference was significant 
only in comparison with patients in group I (P 
<0.001). 


Comments 


Although increased cardiac index is the main re- 
ported hemodynamic finding in borderline hyperten- 
sion,?:7-16 it has not been found in all studies!!:1217; 
in some cases, cardiac output was normal. Although 
the distribution of cardiac output in our patients 


TABLE Ill 


with borderline hypertension was continuous (as was 
the distribution of blood pressure),? it was inter- 
esting to separate patients with “normal” and 
“high” output in order to study the role of this factor 
in the increased blood pressure. The hemodynamic 
findings we obtained at rest, during 50° upright tilt 
and during exercise in normotensive subjects were 
similar to those noted by other investigators.?:11-14, 
15,18,19 The level of blood pressure was the same in 
the 2 subgroups of the young borderline hypertensive 


Plasma Volume and Hematocrit in Normal Subjects and Patients with Hypertension (mean + 1 standard error of the mean) 


TEN SUSAETA E a a E See ne ne TE aa 


Borderline Hypertension 


P SSS A S AAE e E E E AT A T 


Normal 
Subjects Group | 
(1) (2) 
Plasma volume 
(ml/kg) 43.09 + 1.44 41.30+ 1.18 
Hematocrit 
(%) 43.83 + 1.20 43.40 + 0.82 


P Values 
Group Il rE RG OA SSO: a Se 
(3) 2 vs. 1 3 vs. 1 3 vs. 2 
39.04 + 0.74 NS 0.01 NS 
44.93 + 0.63 NS NS NS 


ERTEN ncn Se E seas DATE ACEN E OER 
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TABLE IV 


Hemodynamic Findings in Normal Subjects and Patients with Hypertension Before and After Exercise in the Lying Position (mean 


+ 1 standard error of the mean) 


Normal 


Borderline Hypertension 








Subjects Group | Group || Kev 
(1) (2) (3) 2 vs. 1 3 vs. 1 3 vs. 2 

SAP (mm Hg) 

B 127 42 141+ 4 143 + 2 0.001 0.001 NS 

A 170 + 6 202 + 14 191+ 4 0.02 0.01 NS 

% +33 + 3 +40 + 8 +30 + 3 NS NS NS 
DAP (mm Hg) 

B 68 + 2 74+ 2 74+ 2 0.05 0.01 NS 

A 86+ 3 97 + 11 90+ 2 NS NS NS 

% +26+ 5 +30 9 +22 + 11 NS NS NS 
MAP (mm Hg) 

B 88 + 2 98 + 2 99 + 2 0.01 0.001 NS 

A 112+ 4 126 + 7 122+ 3 NS 0.05 NS 

% +26+ 4 +29 + 6 +23+ 3 NS NS NS 
HR (beats/min) 

B 721 i+ 2 81+ 2 NS 0.001 0.01 

A 110+ 5 108 + 9 124+ 3 NS 0.01 0.02 

% +54 + 7 +81 + 15 +58 + 5 05 NS 0.05 
Cl (ml/min per 

m?) 

B 3374 + 105 3203 + 56 4570 + 122 NS 0.001 0.001 

A 6613 + 222 6582 + 411 8324 + 283 NS 0.001 0.001 

% +100 + 12 +107 + 11 +79+ 7 NS 0.05 0.05 
SI (ml/m?) 

B VAE 2 46 + 2 57 +1 NS 0.001 0.001 

A 62 + 2 67+ 2 63+ 3 NS NS NS 

% +32+ 9 +37+ 6 +12+ 3 NS 0.001 0.001 
TPR (dynes sec 

cm~5.m?) 

B 2173 + 76 2464 + 60 1805 + 52 0.01 0.001 0.001 

A 1365 + 57 1304 + 64 1209 + 31 NS 0.02 NS 

% —40+ 3 —47+ 2 —30+ 3 0.05 NS 0.001 





A = after exercise; B = before exercise; % = percentage increase (or decrease) between the 2 determinations (73 patients). Other 


abbreviations as in Table |. 


patients in our study. However, in group I, cardiac 
index, stroke index and heart rate were normal, and 
in group II, cardiac index, stroke index and heart rate 
were increased, as observed by most other authors.?: 
12,14,16 Such a classification allowed consideration of 
3 main abnormalities in borderline hypertension: 
total peripheral resistance, plasma volume and neu- 
rogenic activity. 

Total peripheral resistance: Abnormality of total 
peripheral resistance was observed at rest in group I 
but not in group II. However, in group II, increased 
total peripheral resistance was found during both 
upright tilt and exercise (when results were ex- 
pressed in percent). During upright tilt, diastolic or- 
thostatic hypertension was observed with an abnor- 
mal increase in total peripheral resistance; during 
exercise, cardiac index and stroke index did not in- 
crease as in normal subjects, so that the percent de- 
crease of total peripheral resistance was less than 
normal and less than observed in group I. Thus, in 
all cases of borderline hypertension, abnormality of 
total peripheral resistance was observed (at rest in 


group |; in upright position and during exercise in 
group II). These results could be explained by the 
studies of Fejfar and Widimsky?° and Julius et al.?1 
For these investigators, the real question was what 
would have been the peripheral resistance of normal 
persons at these high levels of cardiac output. When 
the cardiac output was taken into consideration and 
comparison made at similar levels of cardiac output, 
the patients with borderline hypertension always 
showed increased peripheral resistance. However, 
since the patients in group I were significantly older 
than the patients in group II, this result perhaps 
suggests that group II represented an earlier stage in 
the development of hypertension. 

Plasma volume: Abnormality of plasma volume 
(or blood volume, or both) was observed in patients 
in group II, but not in group I. In group II, plasma 
volume expressed in milliliters per kilogram was sig- 
nificantly less than normal. Measurements of blood 
volume in patients with borderline hypertension are 
scarce. The normal values of Finkielman?!° should be 
considered with caution, if we note the unacceptable 
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wide range of the control group. Bello et al.8 found a 
decreased mean plasma volume in a small group of 
patients, but the difference between patients and 
control subjects was not statistically significant. Ju- 
lius et al.,22 in their study of borderline hypertension, 
had findings similar to ours. A significant difference 
between patients and control subjects was apparent 
in weight-matched groups, whether plasma volume 
was considered alone or expressed per unit of body 
weight. The mechanism of the decreased plasma vol- 
ume in borderline hypertension is unknown. In our 
study, decreased plasma volume was observed only 
in patients with a high level of cardiac output (group 
II). This result perhaps suggests an abnormality of 
blood distribution in borderline hypertension. The 
study of Ulrych et al.?3 suggests that there is a shift 
of the blood volume to the thorax in borderline hy- 
pertension. This shift presumably could be a con- 
sequence of the smaller capacity of the peripheral 
vessels. 

Neurogenic activity: Abnormality of neurogenic 
activity in borderline hypertension was suggested by 
the hemodynamic responses to upright tilt. In group 
II, cardiac index with patients in the upright posi- 
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tion was lower than in normal subjects, but the sig- 
nificant abnormalities in this group were diastolic 
orthostatic hypertension and abnormal percent in- 
crease of total peripheral resistance. These findings 
suggest a high level of neurogenic activity in patients 
in group II. By contrast, an orthostatic decrease in 
mean arterial pressure was observed in group I; in 
these patients the increase in total peripheral resis- 
tance during upright tilt did not exceed that of nor- 
mal subjects. This fact suggests that there was only 
a low level of neurogenic activity in patients in group 
I. Frohlich et al.19 studied a group of patients with 
essential, malignant, renovascular, labile or juvenile 
hypertension and found that neurogenic activity was 
greatest in mild hypertension with increased cardiac 
output and least in the more severe forms of the dis- 
ease. Our results did not confirm this observation 
because no clinical difference existed between pa- 
tients in groups I and II. However, if it is assumed 
that patients in group II were in an earlier phase of 
hypertension, 2 main factors appear to play a role in 
the initial stage of the disease: an abnormality of 
blood volume (or blood volume distribution, or both) 
and impaired neurogenic activity. 
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Myocardial potassium balance and hemodynamics were studied in 
19 patients. In 12 patients the effect of diphenylhydantoin adminis- 
tration was studied and in 7 the effect of pretreatment with diphenyl- 
hydantoin on the ionic and hemodynamic responses to ouabain was 
observed. Diphenylhydantoin caused no change in myocardial potas- 
sium balance, but a significant fall in left ventricular dP/dt and a 
brief increase in left ventricular end-diastolic pressure occurred. 
Heart rate, cardiac output, stroke work and brachial arterial pres- 
sure did not change. In patients pretreated with diphenylhydantoin, 
ouabain administration was followed by a significant loss of potassi- 
um from the myocardium. This was accompanied by a significant in- 
crease in left ventricular dP/dt and a decrease in left ventricular 
end-diastolic pressure. No change occurred in heart rate, cardiac 
output, stroke work or brachial arterial pressure. These ionic and 
hemodynamic responses to ouabain after pretreatment with diphe- 
nylhydantoin are similar in magnitude and timing to those observed 
when only ouabain is administered. These results in man are com- 
patible with theories of digitalis action which associate inotropic ef- 
fect with the inhibition of membrane sodium- and potassium-activat- 
ed adenosine triphosphatase and indicate that diphenylhydantoin 
acts on the heart by some mechanism other than stimulation of this 
enzyme. 


For many years diphenylhydantoin (Dilantin®) has been used exten- 
sively as an anticonvulsant agent and more recently has been found 
to be effective in the management of a variety of cardiac arrhyth- 
mias, in particular those due to digitalis intoxication.1~3 There have 
been numerous investigations of the actions of diphenylhydantoin on 
the heart? and the relation of these effects to those of digitalis.’ 
However, the results are not in agreement and their interpretation 
has been debated. In man, although the hemodynamic effects of di- 
phenylhydantoin have been reported, there is no information avail- 
able as to its ionic effects on the heart or its effects on the hemody- 
namic and ionic changes that have been observed after digitalis ad- 
ministration.* The present study was undertaken to examine the ef- 
fects of diphenylhydantoin on hemodynamics and myocardial potas- 
sium balance in man, and to observe the effects of pretreatment with 
diphenylhydantoin on the metabolic and hemodynamic changes after 
the administration of a therapeutic dose of the cardiac glycoside 
ouabain. 


Materials and Methods 


Metabolic and hemodynamic investigations were performed in 19 pa- 
tients with known or suspected heart disease after informed consent had 
been obtained. Ten subjects were subsequently found to be free of heart 
disease, 7 had coronary artery disease, 1 had chronic rheumatic heart dis- 
ease with moderately severe aortic stenosis and 1 had primary myocardial 
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disease. All were free of clinical signs of heart failure at 
the time of study and no patient was receiving digitalis, 
diuretic agents or antihypertensive medications. Studies 
were carried out in the fasting state. Under local anesthe- 
sia the brachial artery and 2 veins were isolated in the 
right antecubital fossa. A no. 8 Goodale Lubin catheter 
was placed in the mid position of the coronary sinus, a no. 
7 Goodale Lubin catheter in the right atrium and a no. 8 
Sones catheter in the left ventricle. A Teflon® cannula 
was placed in the right brachial artery distal to the Sones 
catheter and a second Teflon cannula in the left brachial 
artery percutaneously by the Seldinger technique. 

The subjects were divided randomly into 2 groups: 
Group 1 consisted of 12 patients who were given diphenyl- 
hydantoin, and Group 2 consisted of 7 patients who re- 
ceived both diphenylhydantoin and oubain. In Group 1, 
blood was continuously and simultaneously withdrawn 
from the coronary sinus and brachial artery for 40 minutes 
at a rate of 1.6 ml/min with use of an automated sam- 
pling technique. At minute 14 of the sampling period, di- 
phenylhydantoin, 250 mg, was administered into the right 
atrium over a period of 4 minutes. In Group 2, coronary 
sinus and brachial arterial blood was sampled in an iden- 
tical manner for a period of 42 minutes. At minute 14, di- 
phenylhydantoin, 250 mg, was administered into the right 
atrium over 4 minutes and at minute 28, ouabain, 0.01 
mg/kg, was infused into the right atrium over 1 minute. 
The blood was delivered into tubes placed in a fraction 
collector that was set to change position every 2 minutes. 
Thus, each tube contained an integrated sample collected 
over 2 minutes. The collected blood was centrifuged at 5 
C, the plasma removed within 30 minutes and stored at 
-35 C. Plasma potassium concentration was determined 
by automated flame photometry (Technicon Auto-Analyz- 
er). On sequential analysis of pooled plasma the standard 
deviation for potassium was 0.18 mEq/liter at a concen- 
tration of 4.40 mEq /liter. 


TABLE | 


Sequential Changes in Myocardial Potassium Balance 


Hemodynamics: Pressures were measured with P23Db 
Statham strain gauges from a zero reference level 5 cm 
below the angle of Louis and recorded on a photographic 
DR12 recorder (Electronics for Medicine). Pressures were 
obtained over at least 2 respiratory cycles, and the mean 
pressure in the brachial artery was obtained electronical- 
ly. Recording speed was normally 25 mm/sec, but for re- 
cording left ventricular end-diastolic pressure a speed of 
100 mm/sec was employed at a high sensitivity. Cardiac 
output determinations were performed by the dye-dilution 
method. In Group 1, the cardiac output was determined 
during the control period and at the end of the sampling 
period (26 minutes after the start of diphenylhydantoin 
infusion). In Group 2, the cardiac output was determined 
during the control period, 8 minutes after the start of di- 
phenylhydantoin infusion and at the conclusion of the 
sampling period (14 minutes after the start of ouabain 
infusion). Heart rate, brachial arterial pressure and left 
ventricular end-diastolic pressure were recorded through- 
out the period of sampling in all patients. The first deriv- 
ative of the left ventricular pressure curve (dP/dt) was 
measured by a resistance capacitance differentiating cir- 
cuit. There are theoretical objections to measurement of 
dP/dt with use of a fluid-filled catheter and an external 
transducer, but direct in vivo comparisons with a cathe- 
ter-tip transducer at rates of 75 to 150/min have shown 
that the 2 methods of measurement correspond closely up 
to a value of 2,000 mm Hg/sec.® 

The left ventricular stroke work index (LVSWI) in g-m 
beat per m? was calculated using the formula: 


_ SI x (BAm — LVEDP) x 136 
LVSWI = er 


where SI = stroke index in ml/beat per m?, BAm = brachial 
arterial mean pressure in mm Hg and LVEDP = left ven- 
tricular end-diastolic pressure in mm Hg. Systolic 
ejection rate index was calculated by dividing the stroke 


Group 1 Group 2 
Arterial Coronary Sinus P Arterial Coronary Sinus pr 
Control 3.87 + 0.31 3.80 + 0.28 NS Control 3.58 + 0.16 3.60 + 0.11 NS 
Post-DPH Post-DPH 
0-2 min 3.87 + 0.25 3.85 + 0.30 NS 0-2 min 3.56 + 0.15 3.58 + 0.16 NS 
2-4 min 3.85 + 0.27 3.83 + 0.30 NS 2-4 min 3.56 + 0.16 3.58 + 0.16 NS 
4-6 min 3.87 + 0.26 3.86 + 0.31 NS 4-6 min 3.56 + 0.17 3.53 + 0.20 NS 
6-8 min 3.82 + 0.27 3.81 + 0.30 NS 6-8 min 3.51 + 0.20 3.52 + 0.19 NS 
8-10 min 3.82 + 0.32 3.80 + 0.31 NS 8-10 min 3.53 + 0.21 3.53 + 0.21 NS 
10-12 min 3.80 + 0.32 3.80 + 0.29 NS 10-12 min 3.53 + 0.18 3.55 + 0.18 NS 
12-14 min 3.81 + 0.33 3.80 + 0.32 NS 12-14 min 3.52 + 0.17 3.54 + 0.20 NS 
14-16 min 3.83 + 0.33 3.80 + 0.31 NS Post-ouabain 
16-18 min 3.83 + 0.32 3.81 + 0.33 NS 0-2 min 3.60 + 0.19 3.67 + 0.22 <0.05 
18-20 min 3.84 + 0.31 3.83 + 0.33 NS 2-4 min 3.69 + 0.17 3.90 + 0.25 <0.005 
20-22 min 3.87 + 0.30 3.82 + 0.32 NS 4-6 min 3.72 + 0.24 4.02 + 0.32 <0.001 
22-24 min 3.83 + 0.28 3.84 + 0.31 NS 6-8 min 3.78 + 0.22 4.02 + 0.31 <0.001 
24-26 min 3.81 + 0.31 3.84 + 0.35 NS 8-10 min 3.78 + 0.21 3.98 + 0.31 <0.005 
10-12 min 3.76 + 0.21 3.95 + 0.31 <0.005 
12-14 min 3.73 + 0.22 3.92 + 0.30 <0.005 


All values are expressed as mean + standard deviation. 
* Null hypothesis: arterial-coronary sinus difference = 0. 


DPH = diphenylhydantoin; NS = not significant; P = probability. 
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index by the systolic ejection period obtained from a high 
speed tracing of the brachial arterial pressure. The modi- 
fied tension-time index was calculated as the product of 
peak left ventricular systolic pressure and heart rate. 


Results 
Group 1 (DPH) 


Potassium (Table I, Fig. 1): In the 12 patients 
who received only diphenylhydantoin, the plasma 
potassium concentrations during the control period 
averaged 3.87 + 0.31 mEq/liter (mean + standard 
deviation) in the brachial artery and 3.80 + 0.28 
mEq/liter in the coronary sinus. After administra- 
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FIGURE 1. Group 1. Sequential changes in arterial and coro- 
nary sinus potassium concentrations and hemodynamics. The 
administration of diphenylhydantoin had no effect on myocardial 
potassium balance. Transient depression of left ventricular 
dP/dt was observed. At the end of the sampling period left ven- 
tricular dP/dt, left ventricular end-diastolic pressure (LVEDP), 
brachial arterial mean pressure (BAm), cardiac index (Cl) 
and left ventricular stroke work index (LVSWI) were unchanged 
from control values. * indicates a significant change from the 
control value (P <0.05). 


tion of diphenylhydantoin, there was no significant 
change in the plasma potassium concentrations in 
arterial or coronary sinus blood, the average arterial 
plasma potassium concentration being 3.83 + 0.22 
mEq /liter and that in the coronary sinus 3.82 + 0.20 
mEq /liter. 
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FIGURE 2. Group 2. Sequential changes in arterial and coro- 
nary sinus potassium concentrations and hemodynamics. As in 
Group 1, diphenylhydantoin administration resulted in a de- 
crease of dP/dt whereas arterial and coronary sinus potassium 
concentrations, brachial arterial mean pressure, cardiac index 
and left ventricular stroke work index remained unchanged. 
After ouabain administration there was prompt myocardial po- 
tassium loss, accompanied by an increase in left ventricular 
dP/dt and a decrease in left ventricular end-diastolic pressure, 
whereas brachial arterial mean pressure, cardiac index and left 
ventricular stroke work index remained unchanged. * indicates 
a significant change from the control value (P <0.05). + indi- 
cates a significant change from the post-diphenylhydantoin 
value (P <0.05). Abbreviations as in Figure 1. 
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Group 1 Group 2 
Post-DPH Post-DPH Post-Ouabain 
Control (24-28 min) Control (6-10 min) (12-16 min) 
Heart rate (beats/min) 74.5+ 10.0 10.) 4148 81.6 + 6.1 83.1+ 6.2 78.6 + 9.6 
Cardiac index (liters/min per m?) 2./7+ 0.41 2.59 + 0.22 2.84 + 0.62 2./2 + 0.62 2.69 + 0.60 
Stroke index (ml/beat per m?) 37.8+ 8.1 36.9+7.4 35.8 + 6.9 34.0 + 7.3 34.4 + 6.5 
Left ventricular end- diastolic 12.42 5.7 12.6+ 6.4 11.0+ 3.1 10.7 + 4.6 77-37 
pressure (mm Hg) 
Mean brachial arterial pressure 89.9+ 9.1 90.7 + 16.9 100.0 + 9.6 96.3 + 9.8 98.3 + 11.4 
(mm Hg) 
Left ventricular stroke work index 39.4+ 6.9 36.2 + 8.8 43.6 + 11.2 40.9 + 12.0 42.9 + 10.8 
(g-m/beat per m?) 
Systolic ejection rate index 122:1- 22,1 120.4 + 16.7 120.1 + 24.7 112.7 + 33.1 125.9 + 33.2 
(ml/sec per m?) 
Left ventricular dP/dt 1133 + 218 1119 + 232 1190 + 284* 1549 + 370*+ 


(mm Hg/sec) 


All values are expressed as mean + standard deviation. 
* Indicates a significant change from the control value. 

+ Indicates a significant change from the post-DPH value. 
DPH = diphenylhydantoin. 


Hemodynamics (Table II, Fig. 1): After diphe- 
nylhydantoin administration, there was no change in 
heart rate, left ventricular end-diastolic pressure, 
brachial arterial pressure, cardiac index or stroke 
work index. Peak left ventricular dP/dt was 1,133 + 
218 mm Hg/sec during the control period, decreased 
maximally within 8 minutes of the administration of 
diphenylhydantoin to 1,020 + 238 mm Hg/sec (P 
<0.005) and remained at this level for 8 minutes. 
Thereafter, left ventricular dP/dt increased but re- 
mained significantly below control values until 26 
minutes after administration of diphenylhydantoin. 


Group I! (Diphenylhydantoin + Ouabain) 


Potassium (Table I, Fig. 2): In Group 2, the av- 
erage arterial and coronary sinus plasma potassium 
concentrations were 3.58 + 0.16 and 3.60 + 0.11 
mEq /liter, respectively, during the control period. 
As in Group 1, there was no change in potassium 
after diphenylhydantoin administration; the mean 
arterial concentration was 3.54 + 0.17 mEq/liter, 
and that in the coronary sinus was 3.55 + 0.18 mEq/ 
liter. However, upon the administration of ouabain 
there was a prompt steep increase in coronary sinus 
potassium concentration reaching a peak within 6 to 
8 minutes. This level was significantly higher than 
both the control and post-diphenylhydantoin levels 
(P <0.001) and remained so for the rest of the sam- 
pling period. The arterial plasma potassium concen- 
tration also increased but did so more slowly. This 
resulted in a significant negative arterial-coronary 
sinus difference that began within 2 minutes after 
ouabain administration and indicated myocardial 
potassium loss. The peak difference (—0.30 mEq/ 
liter) occurred 4 to 6 minutes after the drug was 
given. A significant arterial-coronary sinus difference 
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persisted to the end of the sampling period. The re- 
sponse to both diphenylhydantoin and ouabain was 
noted to be similar in all patients irrespective of the 
cardiac diagnosis. 

Hemodynamics (Table II, Fig. 2): In Group 2, 
heart rate, brachial arterial pressure, left ventricular 
end-diastolic pressure, cardiac index and stroke work 
index showed no change after diphenylhydantoin ad- 
ministration. Left ventricular dP/dt decreased after 
diphenylhydantoin administration from an average 
control value of 1,347 + 276 mm Hg/sec to an aver- 
age post-diphenylhydantoin value of 1,168 + 262 mm 
Hg/sec (P <0.001). After the administration of oua- 
bain, heart rate, cardiac index, stroke work index 
and brachial arterial pressure did not change. Left 
ventricular end-diastolic pressure decreased from 
10.9 + 4.2 mm Hg to 8.3 + 3.7 mm Hg (P <0.001). 
Left ventricular dP/dt increased significantly from 
the post-diphenylhydantoin value within 4 minutes 
of ouabain administration (P <0.001) and continued 
to rise throughout the period of observation. 


Discussion 


The mechanism of action of diphenylhydantoin 
has been the object of intensive investigation in re- 
cent years. Several investigators have suggested that 
the anticonvulsant effects of this drug are due to 
stimulation of membrane sodium and potassium-ac- 
tivated adenosine triphosphatase (Nat, Kt-ATP- 
ase).6.7 They propose that this action decreases the 
abnormally high intracellular sodium concentration 
of dysfunctioning neurons and thereby restores the 
resting membrane potential toward normal, thus de- 
creasing membrane excitability. However, other in- 
vestigators contend that the effect of diphenylhydan- 
toin on the brain is to decrease the membrane per- 
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FIGURE 3. Comparison of sequential changes 
in myocardial potassium balance in patients re- 
ceiving diphenylhydantoin alone (Group 1) 
(upper panel), those receiving both diphenylhy- 
dantoin and ouabain (Group 2) (middle panel) 
and, as previously described,?* those receiving 
ouabain alone (lower panel). Diphenylhydantoin 
per se caused no myocardial potassium uptake 
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meability to sodium, and that the observed decrease 
in intracellular sodium is explained on this basis.® In 
fact, under certain experimental conditions, diphe- 
nylhydantoin has been shown to have an inhibitory 
effect on Nat, K+t-ATPase in the cerebral cortex 
additive to that of ouabain.9® 

Mechanism of cardiac effects of diphenylhydan- 
toin: The mechanism of action of diphenylhydantoin 
on the heart also is uncertain. Helfant et al.!° were 
unable to show a change in myocardial potassium 
balance in dogs when diphenylhydantoin was admin- 
istered. However, they did demonstrate effective 
suppression of arrhythmias induced with toxic doses 
of acetylstrophanthidin and ouabain. This was ac- 
companied by a reversal of the myocardial potassium 
loss induced by these agents, and these investigators 
suggested that the effects of diphenylhydantoin were 
due to stimulation of myocardial Na+, K+-ATP- 
ase. Contrary to these observations, Miller and Gil- 
more?! showed no effect of diphenylhydantoin 
in canine hearts on either the potassium loss or the 
inotropic response after the administration of non- 
toxic doses of acetylstrophanthidin. To explain this 
discrepancy, Miller12 suggested that the reversal of 
myocardial potassium loss after administration of di- 
phenylhydantoin observed by Helfant et al.10 re- 


or loss, and pretreatment with diphenylhydant- 


20 24 28 32 36 40 gin did not alter the ouabain-induced myocardial 


potassium loss. 


sulted from the decrease in heart rate as the ventric- 
ular tachyarrhythmias were abolished. He suggested 
that the antiarrhythmic action of diphenylhydantoin 
and the observed effects on ionic fluxes need not be 
due to a direct effect of diphenylhydantoin on Nat 
K*-ATPase. More recently, other investigators! 
found no change in Na‘, K*-ATPase activity in 
the canine heart coincident with reversal of digitalis 
intoxication by diphenylhydantoin. 

Several investigators have documented a decrease 
in myocardial contractility after the administration 
of diphenylhydantoin in both experimental ani- 
mals!4:15 and man.16:17 Of these, only Gerlings and 
Gilmore!® examined myocardial potassium balance 
and hemodynamics concurrently and could demon- 
strate no ionic change coincident with the decrease in 
inotropic state. This evidence suggests that the effect 
of diphenyinydantoin on the heart is not mediated by 
way of Nat, K*-ATPase. This concept is support- 
ed by studies that showed no effect of diphenylhy- 
dantoin on Nat, K*-ATPase activity in cultured 
chick heart cells18 and guinea pig atria.19 In the lat- 
ter study no inhibition of ouabain binding by diphe- 
nylhydantoin was observed, and Gibson and Harris? 
could show no effect of diphenylhydantoin on Nat, 
Kt-ATPase activity in a microsomal fraction from 
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human myocardium or any reversal of the inhibitory 
effects of ouabain by diphenylhydantoin. 

In our study no change was found in myocardial 
potassium balance after the administration of diphe- 
nylhydantoin. This finding is in agreement with re- 
sults of animal studies.1°-15 The changes in left ven- 
tricular hemodynamics are similar to those previous- 
ly reported in man,17 although we found no decrease 
in stroke work. The decrease in myocardial contrac- 
tility seen in our study was not accompanied by a 
measurable change in myocardial potassium balance. 
An increase in coronary blood flow could mask a 
change in coronary sinus potassium concentration 
after diphenylhydantoin administration making less 
apparent myocardial potassium uptake or loss. How- 
ever, it would take a considerable increase in flow to 
have such an obscuring effect. We did not measure 
coronary blood flow, and there are no data available 
for man. Animal studies have shown either an in- 
crease! or no change?! in coronary flow after admin- 
istration of diphenylhydantoin. 

Effects of pretreatment with diphenylhydantoin 
on myocardial effects of ouabain: A recent study in 
man has demonstrated that the acute administration 
of ouabain results in a significant loss of potassium 
from the myocardium occurring within 2 minutes 
and persisting for 18 minutes.22 There was a close 
temporal relation between the onset of myocardial 
potassium loss and the inotropic effect of the drug. 
In our study pretreatment with diphenylhydantoin 
did not alter these effects. A comparison of the mag- 
nitude and timing of these responses is shown in Fig- 
ure 3. This apparent failure of diphenylhydantoin to 
alter the response to ouabain could have several ex- 
planations. First, the dose of diphenylhydantoin 
used may have been inadequate to inhibit the oua- 
bain effect. This possibility cannot be excluded but, 
since the diphenylhydantoin administered was suffi- 
cient to depress myocardial contractility, one would 
expect at least partial antagonism of the ouabain re- 


sponse. Second, the effect of diphenylhydantoin may 
have been short-lived and may have dissipated be- 
fore the onset of the ouabain effect. This is unlikely 
since in Group 1 the depression in contractility after 
diphenylhydantoin administration was shown to per- 
sist well beyond the time when ouabain was given to 
the patients in Group 2. A third possibility is that 
the actions of diphenylhydantoin and ouabain are 
not directly antagonistic; that is, although ouabain 
causes an increase in contractility by inhibition of 
Nat, K*-ATPase, diphenylhydantoin produces its 
negative inotropic effects by some mechanism other 
than stimulation of this enzyme. 

The most plausible explanation of our results is 
that the actions of diphenylhydantoin and ouabain 
are unrelated, and this view is supported by data of 
other investigators.11:13,15,18,19 The exact mecha- 
nism by which diphenylhydantoin exerts its effects 
on myocardial contractility is not clear. Studies per- 
formed on peripheral nerve and cerebral cortex 
suggest that diphenylhydantoin reduces permeability 
of the cell membrane to the inward movement of so- 
dium ions.!! Langer?3 has proposed that movement 
of calcium ions into the myocardial cell depends in 
part upon intracellular sodium concentration, and 
that a rise in intracellular sodium levels leads to in- 
creased entry of calcium into the cell during depolar- 
ization. Conversely, a decrease in intracellular sodi- 
um reduces the amount of calcium entering the cell 
and results in a decrease in the calcium available to 
the contractile proteins. Since the force of contrac- 
tion is directly related to calcium concentration, it 
would seem that a decrease in the contractile state 
should result. Such a series of events could occur 
without concomitant shifts in potassium and would 
be unrelated to Nat, K*-ATPase.® Although the 
results of our study support this hypothesis, further 
investigation is required for a complete under- 
standing of the action of diphenylhydantoin on the 
heart. 
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The effect of chronically increased urinary volumes on renal digoxin 
excretion and digoxin turnover was studied in 2 patients with nephri- 
togenic diabetes insipidus and urinary volumes in excess of 9 liters / 
24 hours. The serum half-lives were 48 and 54 hours and the 7 day 
urinary excretion totals 46 and 41 percent, respectively. Comparison 
with values obtained in patients with congestive heart failure demon- 
strated no increase in excretion of renal digoxin. Increased urinary 
volume without change in glomerular filtration rate does not increase 
excretion of digoxin, and would not be expected to decrease the du- 
ration of digitalis toxicity. 


The close relation between tissue and serum digoxin levels? ? has 
suggested that the clinical manifestations of digitalis intoxication 
could be shortened by increased excretion of digoxin. Patients with 
normal renal function excrete digoxin in the urine principally as the 
unchanged glycoside, with an average 7 day cumulative excretion 
rate of 70 percent. The mechanism of renal digoxin excretion has 
been studied in dogs, using the stop-flow technique. There appears 
to be digoxin resorption in both the proximal and distal tubule with 
ratios of urine/plasma digoxin to urine/plasma creatinine as low as 
0.5 in the area of the distal tubule. This finding has led to specula- 
tion that digoxin excretion might be increased under conditions of 
more rapid urinary flow. Less time would be available for digoxin re- 
sorption, and shortening of the serum half-life of digoxin could re- 
sult. The identification of 2 patients with diabetes insipidus of 
nephritogenic origin has afforded an opportunity to test this hypoth- 
esis. 


Methods 


Tritiated digoxin was prepared by the Wilzbach hydrogen exchange 
method and had a specific activity of 144 wCi/mg. The purity of the com- 
pound was demonstrated by a thin-layer radiochromatogram in (Fig. 1). 
Patient 1 was given 0.5 mg and Patient 2 1.0 mg of tritiated digoxin intra- 
venously. Frequent samples of serum were drawn, and 12 hour collections of 
urine and stools were made for 7 days. The tritiated digoxin was extracted 
with chloroform, passed through an alumina column, eluted with a 2:1 
chloroform-ethanol mixture and evaporated. Counting solution* was added, 
and radioactivity was determined in a liquid scintillation counter (Packard 
Instrument Company, Downer’s Grove, Ill.). With use of this method, approx- 
imately 96 percent of a known quantity of digoxin can be recovered. 


Patient Selection 


Patient 1 was a 51 year old man who reported having had polydipsia and 
polyuria since childhood. In adult life he became increasingly incapacitated 
by these symptoms. In January 1958 he was evaluated with infusion of 


*Counting solution: 4.0 g of 2.5 diphenyloxazol; 0.1 g of p-bis 2-(5-phenyloxazo- 
lyl)-benzene; 1.0 g. of hyamine-10x; 3.5 ml of methanol brought to 1 liter with tolu- 
ene. 
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FIGURE 1. Radiochromatogram of tritiated digoxin used in this 
study. The origin is shown on the left, and the solvent front on 
the right; the site of digoxin migration is indicated. Virtually all 
of the radioactivity is confined to the area containing digoxin. 


hypertonic saline, followed by intravenous and intramus- 
cular administration of pitressin. Control values for uri- 
nary volume were 200 to 250 cc/15 min and were not altered 
by administration of saline or pitressin. In 1971 the patient 
was given a trial of pitressin, intramuscularly, without 
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© 
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% OF 5 MINUTE COUNT (5 min. count = 100%) 
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TABLE I 


Clinical Data 








Patient 1 Patient 2 
Age (yr) 51 55 
Weight (Ib) 120 112 
Blood urea nitrogen (mg/100 ml) 12 10 
Serum creatinine (mg/100 ml) 1.4 Bek 
Creatinine clearance (ml/min) 60 75 
Dose of digoxin (mg) 0.5 1.0 
Urinary volume/24 hours (cc) 9,500 12,000 


effect on urinary volume or osmolarity. There was no family 
history of polyuria. 

Patient 2 was a 55 year old man with a history of exces- 
sive water consumption since childhood, who stated that 
he occasionally drank up to 4 gallons in 24 hours. A trial 
of parenterally administered pitressin produced no in- 
crease in urinary osmolarity or decrease in volume. There 
was no family history of polyuria. The patient was admit- 
ted on several occasions for episodes of paroxysmal atrial 
tachycardia, but was receiving no medication at the time 
of the digoxin studies. 





FIGURE 2. Serum turnover of tri- 
tiated digoxin in the 2 patients. A, 
Patient 1, B, Patient 2. Radioactivi- 
ty is plotted on the vertical axis as 
percent of the 5 minute specimen 
on a logarithmic scale; time is 
plotted on the horizontal axis. Line 
A represents the actual counting 
rate expressed in percent. Line B 
represents the plateau of the 
serum curve which is extrapolated 
to zero time, giving a dominant 
serum half-time of 54 hours in Pa- 
tient 1 and 48 hours in Patient 2. 
Line C is a composite of line A 
minus line B, thus eliminating me- 
tabolism and excretion of digoxin. 
Line C represents distribution and 
binding of the glycoside and has a 
half-time of 35 minutes in Patient 1 
and 35 minutes in Patient 2. 
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TABLE Il 


Digoxin Half-Time and Excretion Data 
ADE E REE ES VSS SON Ce ke. es R 


Patient 1 Patient 2 
OSE SETEN Co a TOMES LE adalat S rrr E T 

Serum half-time (hr) 54 48 
Cumulative urinary excretion (%) 

Day 1 18.7 23.3 

Day 3 29.6 36.4 

Day 5 36.5 42.6 

Day 7 40.7 45.9 
Urinary half-time (hr) 56 40 
Cumulative stool excretion (%) 

Day 1 0 0.1 

Day 3 0.2 0.1 

Day 5 3.7 0.3 

Day 7 4.8 1.8 
Seven day excretion (%) 45.5 47.7 





Both patients had normal thyroid function, and there 
was no evidence of significant cardiopulmonary disease. 
The results of routine evaluation of renal function are 
shown in Table I. 


Results 


The results of serum turnover and excretion stud- 
ies for Patient 1 are shown in Figure 2A and Table II. 
The serum radioactivity is expressed as a percent of 
the 5 minute sample and plotted on the ordinate. 
Time in hours is shown on the abcissa. The serum 
half-life was calculated by extrapolating the decay 
curve to zero time, and finding the point at which one- 
half of this radioactivity was present. The serum 
half-life in this patient was 54 hours. The 7 day uri- 
nary excretion rate was 41 percent and 7 day stool 
excretion rate 5 percent. Values for urinary volume 
averaged 9,500 cc/24 hours. Results of serum turnover 
and excretion studies for Patient 2 are shown in Figure 
2B and Table II. The serum half-life was 48 hours. 
The 7 day urinary excretion rate was 46 percent and 
the 7 day stool excretion rate 2 percent. The average 
urinary volume was 12,000 cc /24 hours. 


Discussion 


Factors important in the relatively short half-life 
of digoxin are rapid renal excretion, limited metabol- 
ic degradation and protein binding,® small degree of 
enterohepatic recycling? and the polar nature of the 
glycoside. Measurements of digoxin removal by peri- 
toneal dialysis and hemodialysis® have shown these 
methods to be ineffective, in part because of the low 
serum levels present. The value of increasing urinary 
volume without change in glomerular filtration rate 
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FIGURE 3. Comparison of urinary volumes and 7 day urinary di- 
goxin excretion rates for Patients 2 (C.H.) and 1 (A.N.) with 
those of 12 patients with congestive heart failure (CHF). The 24 
hour values for urinary volume were greatly increased in Pa- 
tients 2 (C.H.) (12,000 cc/24 hours) and 1 (A.N.) (9,500 cc /24 
hours) compared with values in patients with congestive heart 
failure. However, the urinary digoxin excretion rate was not in- 
creased in the patients with diabetes insipidus (41 and 46 per- 
cent, respectively, in 7 days) by comparison with values for pa- 
tients with congestive failure (74 percent in 7 days). Vol = vol- 
ume. 


was evaluated in this study. A comparison of the uri- 
nary volumes and digoxin excretion rates for these 
patients and those with congestive heart failure? is 
shown in Figure 3. The average blood urea nitrogen 
value for patients with congestive failure was 15 
mg/100 ml; the patients with diabetes insipidus had 
values of 12 and 10 mg/100 ml. The serum half-lives 
for the patients with congestive failure ranged from 
17 to 55 hours (mean 33 hours). Patients with diabe- 
tes insipidus had values of 48 and 54 hours, which 
fall in the upper range of this group. Their observed 
serum half-lives are similar to those in patients with 
equivalent creatinine clearance values described by 
other investigators.? Although urinary volumes were 
greatly increased in our study group, the serum half- 
lives were not reduced below the average value for 
the patients with congestive failure. The total 7 day 
urinary excretion values of 41 and 46 percent were 
less than the average value of 74 percent found in 
patients with normal renal function and congestive 
heart failure. These data are in agreement with the 
findings of Marcus et al.,1° who found that after the 
administration of furosemide to patients with cirrho- 
sis, no increase in urinary digoxin was found, in spite 
of a 2-fold increase in urinary volume. 

Although urinary volumes were markedly in- 
creased in 2 patients with nephritogenic diabetes 
insipidus, the 7 day urinary excretion rate of digoxin 
was not increased, and the serum half-life values 
were not reduced to levels below those seen in con- 
gestive failure. These studies indicate that urinary 
excretion of digoxin is not volume-related. 
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The effects on heart rate and rhythm of acutely impeding the blood 
supply to the sinus node were studied in 18 anesthetized dogs. In 8 
dogs the blood supply to the sinus node appeared to originate from 1 
main artery, whereas more than 1 source was found in the remain- 
ing animals. When the sinus node was supplied by a single main ar- 
tery, ligation of this artery was followed by a decrease in heart rate 
whereas, when a multiple blood supply to the sinus node was ob- 
served, it was necessary to occlude all major arteries to affect sinus 
nodal function. The effects observed did not seem related to activa- 
tion of coronary stretch-sensitive receptors or to local or reflex acti- 
vation of cholinergic nerve terminals within the sinus node. 


Sinus bradycardia is frequently encountered during the early phase 
of acute myocardial infarction.1~3 Many possible mechanisms have 
been considered involving reflexly mediated sympathetic inhibi- 
tion*-° or direct or reflex parasympathetic stimulation.®:? Intense pain 
and anxiety, excitation of efferent fibers in the ventricular myocardi- 
um® and baroreceptor activation resulting from excessive endogenous 
catecholamine release?:!° may contribute to increased vagotonia. 
Atropine has been shown to be usually effective in treating the sinus 
bradycardia, atrioventricular block or hypotension!!:12 commonly ob- 
served in acute myocardial infarction. 

The direct effect of ischemia itself on pacemaker tissue is also 
probably an important mechanism. Winternitz and Selye?? first re- 
ported a case of sinus bradycardia associated with thrombosis of the 
sinus nodal artery. James!4:15 demonstrated impaired blood supply 
to the sinus node in cases of acute myocardial infarction complicated 
by sinus bradycardia and atrial arrhythmias. More recently, Lippes- 
tad and Marton!® described 2 cases of sinus arrest and acute posteri- 
or myocardial infarction with documented occlusion of the sinus 
nodal artery. 

However, ischemia of the sinus node has not been easily repro- 
duced experimentally since in the dog this structure has a rich col- 
lateral arterial blood supply, as pointed out years ago by Meek et al.17 
and others.18-22 Although Botti et al.23 claimed to have obtained sinus 
bradycardia in the dog by occluding the main sinus nodal artery, 
James and his co-workers24:25 were unable to find any significant 
change in sinus nodal function even when all the visible arteries sup- 
plying the sinus nodal region had been successively ligated. Recent 
observations in our laboratory have led us to believe that slowing of 
the sinus rate may be observed when certain anatomic peculiarities 
of the arterial blood supply to the sinus nodal region are taken into 
consideration. These observations are reported here. 
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FIGURE 1. Schematic drawing of the different patterns of blood 
supply to the sinus node observed. 


Methods 


Eighteen mongrel dogs weighing 10 to 15 kg were anes- 
thetized with sodium pentobarbital (30 mg/kg body weight, 
intravenously). After tracheal intubation, the animals 
were artificially ventilated with a Harvard respirator 
pump. A bilateral thoracotomy was performed at the level 
of the fourth intercostal space and the pericardium in- 
cised. A right atrial electrogram, obtained with a small 
bipolar pin electrode fixed to the right atrial appendage, 
was recorded simultaneously with ù peripheral electrocar- 
diogram (lead aVR). Arterial blood pressure was moni- 
tored by a Statham strain gauge connected to a polyethyl- 
ene cannula inserted into the descending aorta through 
the left femoral artery. Electrical activity and blood pres- 
sure were recorded on a direct ink-writing model 7 Grass 
polygraph. Heart rate was computed by a digital tachom- 
eter triggered by the right atrial electrogram and recorded 
on a direct-writer Brush polygraph (Mark 280). All major 
visible arteries supplying the sinus node, at the junction 
of the superior vena cava with the right atrium, were dis- 
sected free at their origin from either the right or the left 
circumflex coronary arteries, and a thread was passed 
under each. Blood flow through isolated arteries was im- 
peded by pulling on the thread. When sufficiently large, 
these arteries were cannulated with a polyethylene cannu- 
la with a tapered tip, and acetylcholine was injected to 
ascertain that the arteries perfused the sinus nodal region. 
Retrograde pressure was also monitored from the same 
cannula by a Statham strain gauge. 


Results 
Blood Supply to the Sinus Node 


In the dog the blood supply to the sinus node orig- 
inates from 3 main sources: the right coronary ar- 
tery, the left coronary artery and the internal mam- 
mary artery.?! In more than 90 percent of dogs, the 
main blood supply originates from a terminal branch 
arising from the distal third of the right coronary ar- 
tery.22 However, other branches of the right coronary 
artery, the intermediate and proximal right atrial ar- 


teries, usually contribute to the anastomotic blood 
supply of this region.?1:22 A proximal left atrial ar- 
tery originating from the left circumflex coronary ar- 
tery crosses to the right side of the heart over the 
aortic face of the left and right atria and courses to 
the sinus node along the Bachmann’s bundle. In ap- 
proximately 10 percent of dogs, this is the main nu- 
trient artery to the sinus node.2? 

Among the 18 dogs studied, blood supply to the 
sinus node was seen to originate from only 1 source 
in 8 dogs comprising group A. In these animals, the 
artery originated from a distal right atrial artery in 4 
cases (Fig. 1A), a proximal right atrial artery in 1 
case (Fig. 1B), and a proximal left atrial artery in 
the 3 others (Fig. 1C). In all these cases, the sinus 
nodal artery had a relatively large diameter. In the 
10 dogs comprising group B, the blood supply to the 
sinus node originated from more than 1 source. This 
dual blood supply to the sinus node originated from 
a distal and a proximal right atrial artery in 3 dogs 
(Fig. 1D), a distal right atrial and proximal left atri- 
al artery in 6 dogs (Fig. 1E), and a proximal right 
atrial and proximal left atrial artery in 1 dog (Fig. 
1F). In no case was an important branch of the inter- 
nal mammary artery observed. 

In this study, a proximal right atrial artery was 
defined as an atrial branch of the right coronary ar- 
tery originating before the right atrial appendage 
and corresponding to the right ventral atrial artery 
of Halpern?! and James.?2 The distal right atrial ar- 
tery was defined as a branch of the right coronary 
artery originating after the right atrial appendage 
and corresponding to either the right proximal or 
distal arteries of James.?? Four dogs were deliberate- 
ly selected because the usual blood supply to the 
sinus node, that from the distal right atrial artery, 
was absent. For this reason and because of the limit- 
ed number of observations, the different patterns of 
blood supply to the sinus node described have no 
statistical significance. 


Effects of Impeding Blood Flow to the Sinus Node 


Group A: In dogs from group A, temporary ob- 
struction of blood flow in the sinus nodal artery pro- 
duced a mean lengthening of the cardiac cycle of 128 
+ 16 (standard error) msec (no. = 8) (Table IA). 
The negative chronotropic effect started at 23 + 7 
seconds and attained a maximum at 95 + 15 sec- 
onds. Heart rate remained slower as long as the 
blood flow was impeded. An ectopic rhythm of atrial 
origin appeared in 6 of the 8 dogs. The negative 
chronotropic effect was fully reversible on restoration 
of blood flow. The occlusion could be repeated with- 
out significant changes in the observed effect. 

Figure 2 illustrates an experiment representative 
of dogs from group A. In this animal, the sinus nodal 
artery was unique and was a proximal right atrial 
branch of the right coronary artery. Blood flow was 
impeded (first arrow) and restored 4 minutes later 
(second arrow). Within 20 seconds after the obstruc- 
tion of blood flow, the heart rate began to slow until 
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TABLE | 


Alterations in P-P Interval and Retrograde Pressure in 18 Dogs 








P-P Interval AP-P Retrograde Pressure (RP) is Hg) ARP 
Dog no. Control After occlusion (msec) Control After Occluson (mm Hg) 
A. Group A 
1 430 540 110 
2 350 400 50 
3 420 500 80 
4 430 600 170 
5 360 500 140 
6 400 560 160 
7 345 485 140 
8 420 600 180 
Mean + SE 394 + 13 523 + 24 128 + 16 
P >0.01 
B. Group B 
9 460 520 60 27/18 21/15 6/3 
10 400 400 0 35/27 25/25 10/2 
11 340 380 40 eo ees see 
12 410 480 70 48/24 7/7 41/17 
13 440 440 0 37/27 28/23 9/4 
14 480 480 0 25/25 25/25 0 
15 460 800 340 rot ees ous 
16 310 405 95 56/50 12/12 44/38 
17 380 410 30 28/20 28/20 0 
18 480 500 20 25/20 25/20 0 
Mean + SE 416 + 17 481+ 39 93 + 42 35 + 4/26 Œ 3 21+ 3/18+ 2 
P >0.1 P >0.05 





a minimal value was reached at about 100 seconds. msec. In 3 dogs in which at least 2 arteries were 


At the nadir of sinus bradycardia an ectopic rhythm 
of atrial origin occurred. This is illustrated in the 
electrocardiogram (lead aVR) in which the ampli- 
tude of the P wave is diminished and the P-R inter- 
val shortened whereas the configuration of the QRS 
complex remains unaltered. Normal sinus rhythm 
reappeared on restoration of blood flow within the 
obstructed artery. 

Group B: Various degrees of slowing were ob- 
tained in 7 of 10 dogs in group B (Table IB). The 
mean lengthening of the cardiac cycle was 93 + 42 


H.R. 
beats/min 


12 





ECG 
aVR 


TTT 


CONT 70sec 3min 


FIGURE 2. Dog from group A. Effects of impeding the blood 
flow on heart rate and on the electrocardiogram (lead aVR). 


shown to irrigate the sinus node by the injection of 
acetylcholine, the occlusion of both arteries had no 
effect on heart rate. 

Figure 3 illustrates an experiment in a dog from 
group B. In this case, the double blood supply to the 
sinus node originated from the left proximal and dis- 
tal right atrial arteries. In Figure 3A, blood flow in 
the distal right atrial artery was impeded (between 
arrows), and this had no effect on heart rate. Imped- 
ing blood flow in the left proximal atrial artery alone 
also had no effect on heart rate (Fig. 3B). Impeding 
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FIGURE 3. Dog from group B. Effects of impeding blood flow in 
isolated (A and B) arteries and in both arteries (C). 
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FIGURE 4. Dog from group B. Effects of impeding blood flow to 
the sinus node on the retrograde pressure and on the heart rate. 
One artery is cannulated to record retrograde pressure. Blood 
flow was impeded in the complementary artery (first arrow) and 
restored 4 minutes later (second arrow). 


blood flow in both arteries produced a negative 
chronotropic effect (panel C). This effect was revers- 
ible on restoration of blood flow in either artery. As 
illustrated, when blood flow was restored after 5 
minutes of obstruction, the heart rate returned to its 
control level. 

Effect of atropine: Atropine (200 ug/kg) was ad- 
ministered intravenously in 2 dogs (1 from each 
group), 15 minutes before impeding blood supply to 
the sinus node. During the control experiments, oc- 
clusion of the sinus nodal artery lengthened the P-P 
interval from 430 to 600 msec in the first dog and 
from 340 to 380 msec in the second (Dogs 4 and 11, 
Table I). After administration of atropine, the heart 
rate increased, the P-P interval decreasing to 390 
and to 305 msec, respectively, in each dog. When the 
blood supply to the sinus node was again cut off, the 
P-P interval increased to 600 msec in the dog from 
group A and to 380 msec in the dog from group B. 
Because of the acceleration obtained after adminis- 
tration of atropine, the amount of slowing (change in 
cardiac cycle) was greater after cholinergic blockade 
than before. 

Correlation of coronary pressure and heart 
rate: The following experiments were carried out in 
8 dogs from group B. One artery was ligated and 
cannulated distally to record retrograde pressure. 
The retrograde pressure had a mean systolic value of 
35 + 4 mm Hg and a mean diastolic value of 26 + 3 
mm Hg. Impeding blood flow in the complementary 
artery produced a decrease in retrograde pressure in 
5 dogs accompanied by a decrease in heart rate in 3 
(Table IB). The retrograde pressure remained unal- 
tered in 3 dogs, although heart rate decreased in 2 of 
them. Retrograde pressure returned to control level 
on restoration of blood flow. 

Figure 4 illustrates such an experiment and shows 
the simultaneous recording of heart rate, systemic 
arterial pressure and retrograde pressure in the sinus 
nodal artery. During obstruction of the secondary 
sinus nodal artery, retrograde pressure decreased 
without any modification in systemic pressure. A de- 
crease in retrograde pressure clearly preceded the de- 


crease in heart rate. On restoration of blood flow, an 
increase in retrograde pressure also preceded the re- 
turn of heart rate to its control value. 


Discussion 


The arterial blood supply to the sinus node has 
more than one source, and the capillary density 
within this structure has been shown in human 
hearts to be much greater than that of adjacent atri- 
al myocardium.?§:27 Anastomotic communications 
between the arteries terminating within the sinus 
nodal region have generally been demonstrated by 
post-mortem injections.?°:29 Using such a technique, 
Halpern?! described an important extracoronary ar- 
terial blood supply to this region of the heart in the 
rat and dog. More recently, Kennel and Titus 3° 
demonstrated in the human heart anastomoses be- 
tween the sinus node and other branches of the same 
parent artery or branches of the opposite coronary 
artery. The functional importance of the anastomotic 
connections can be surmised from the high values of 
retrograde pressure recorded when the main sinus 
nodal artery is cannulated in the dog.31.32 

Our observations indicate that when the sinus 
node is supplied by a single main artery, ligation of 
this artery may alter sinus nodal function signifi- 
cantly. When the sinus node is supplied by 2 princi- 
pal arteries, obstruction of only 1 of these has no ef- 
fect, whereas obstruction of both usually causes 
sinus bradycardia. Simple traction or manipulation 
of the arteries has no effect, thereby excluding stim- 
ulation of stretch-sensitive receptors within the arte- 
rial wall.33 Under our experimental conditions, ad- 
ministration of atropine did not prevent the brady- 
cardia, thus excluding local and reflex activation of 
the cholinergic nerve terminals within the sinus 
node. However, this finding does not exclude the 
clinical value of atropine in correcting the sinus bra- 
dycardia in myocardial infarction.3:11,12 

The possible role of the level of perfusion pressure 
within the sinus nodal artery in regulating heart rate 
was first proposed by James and Nadeau?!:34 and 
further documented by Hashimoto et al.35 A recipro- 
cal relation was found between perfusion pressure 
and heart rate; that is, a decrease in perfusion pres- 
sure produced an increase in heart rate. The direc- 
tion of this relation cannot explain our observations, 
since reduction in perfusion pressure accompanied 
the onset of sinus slowing. 

The marked negative chronotropic action of aden- 
osine derivatives was documented by James,°6 and 
that of certain amino acids by Sherf and James.37 
Such substances may be released from myocardial 
tissue during hypoxia and ischemia?8 and cause 
sinus slowing. The latency of the bradycardic re- 
sponse to occlusion of the sinus nodal artery and the 
time required for the heart rate to return to its ini- 
tial value upon restoration of blood flow are impor- 
tant findings. They suggest that metabolic impair- 
ment of sinus nodal function, consequent to isch- 
emia, is the cause of the slowing of the sinus rate ob- 
served in our experiments. 
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In this study of the efficacy of hyperbaric oxygenation in the therapy 
of left ventricular failure after experimental myocardial infarction, 6 
intact dogs underwent a 20 minute control period of exposure to 100 
percent oxygen at 3 atmospheres absolute of pressure. The proce- 
dure increased arterial PO. to more than 1,600 mm Hg and mean 
aortic pressure by 8 percent (0.05 < P < 0.10); left ventricular end- 
diastolic pressure increased from 8.0 to 9.7 mm Hg (P <0.05) with- 
out change in heart rate, cardiac output, stroke volume, left ventric- 
ular minute work, stroke work or total peripheral resistance. One 
hour later, coronary occlusion was produced and resulted in left 
ventricular failure, manifested by an increase in heart rate and left 
ventricular end-diastolic pressure and by a fall in stroke volume and 
stroke work. Ten minutes after occlusion, the dogs underwent a sec- 
ond hyperbaric exposure period, and mean aortic pressure increased 
by 9 percent (0.05 < P < 0.10), left ventricular minute work by 9 
percent (P <0.01) and stroke work by 17 percent (0.05 < P < 
0.10). The increased work was performed at the expense of an in- 
crease in left ventricular end-diastolic pressure from 13.1 to 17.4 
mm Hg (P <0.01). Other variables remained stable. An additional 8 
dogs that underwent coronary occlusion while breathing room air 
had stable hemodynamic values over the ensuing hour except for a 
progressive increase in left ventricular end-diastolic pressure. It is 
concluded that hyperbaric oxygenation did not improve left ventricu- 
lar function impaired by experimental myocardial infarction in intact, 
conscious dogs, even though given at a time when the ischemic le- 
sion was potentially reversible. 


Hyperbaric oxygenation has been investigated as a possible thera- 
peutic intervention in acute myocardial infarction both in patients 
and in experimental models.! In patients with acute myocardial in- 
farction, breathing 100 percent oxygen at 2 or 3 atmospheres of pres- 
sure has been reported to reduce arrhythmias,?:3 ameliorate cardiac 
failure,* and improve the condition of patients with cardiogenic 
shock.*:5 Other reports have indicated that hyperbaric oxygenation 
has no effect on mortality from acute myocardial infarction.® Studies 
with hyperbaric oxygenation in some experimental models of acute 
myocardial infarction have demonstrated a reduction in arrhythmic 
deaths’ 1° and an improvement in an experimental shock state. 11-14 
Other studies have shown no alteration in either the shock state15 or 
mortality from arrhythmias. 16 

The efficacy of hyperbaric oxygenation in treating left ventricular 
failure after acute myocardial infarction in animals has been less 
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well studied. This report deals with an investigation 
of the hemodynamic response to hyperbaric oxygena- 
tion in intact, conscious dogs, both in a control state 
and after the development of left ventricular failure 
due to acute coronary occlusion. 


Methods 


Fourteen mongrel dogs weighing between 17 and 24 kg 
were studied. Six dogs (Group 1) underwent hyperbaric 
oxygenation in a control state and again after coronary oc- 
clusion. Eight additional dogs (Group II) underwent coro- 
nary occlusion while breathing room air. 


Group l: Animals Exposed to Hyperbaric 
Oxygenation 


All hyperbaric studies were performed in the Children’s 
Hospital Medical Center hyperbaric operating theater. 1“ 

Preparation and instrumentation: Two weeks before 
study, each dog was prepared in the following way: A bal- 
loon cuff!® was implanted around the left anterior de- 
scending or circumflex coronary artery approximately 1 
cm from its origin. Tubing for balloon inflation was 
exteriorized through the chest wall. The pericardium was 
sutured to the left anterior chest wall to facilitate trans- 
thoracic left ventricular puncture for monitoring of left 
ventricular pressures. Dogs also underwent bilateral myr- 
ingotomy. 

At the time of study, each dog was instrumented as fol- 
lows: The dog was lightly sedated with 15 mg of morphine 
sulfate intramuscularly 1 hour or more before study. 
Under local anesthesia, polyethylene tubing (inner diame- 
ter 0.045 inch) was passed by way of a femoral artery and 
vein to the central aorta and right atrium. Also under 
local anesthesia, a 13 gauge cannula was introduced into 
the left ventricle by transthoracic puncture. Dogs were 
given alternate air and 100 percent oxygen to breathe by 
means of a transparent plastic bag placed over the head 
and cinched around the neck. One quarter-inch inlet tub- 
ing introduced the gas from a Boyle No. 10 anesthesia 
machine with humidifer (Harris Co., Cleveland. Ohio) 
into the bag. Two half-inch tubes vented the bag to the 
exhaust ports of the hyperbaric chamber. A flow rate of 16 
liters/min produced just enough pressure to keep the thin 
plastic bag inflated. Dogs were maintained at normal 
temperature on a temperature control blanket to prevent 
panting when the chamber became heated during pressur- 
ization. Rectal temperature was recorded every 10 min- 
utes with a thermister (Yellow Springs Instrument Co., 
Yellow Springs, Ohio). 

Protocol: The time sequence for hyperbaric studies was 
as follows: (1) At 1 atmosphere absolute pressure (A.T.A.) 
breathing air for 10 minutes. (2) At 3 A.T.A. breathing 100 
percent oxygen for 20 minutes. (3) At 3 A.T.A. breathing air 
for 10 minutes. (4) At 1.3 A.T.A. breathing air for 10 min- 
utes. 

One hour after the control hyperbaric exposure period, 
and after a 10 minute period of base-line measurements, 
coronary occlusion was produced by manual inflation of 
the balloon cuff over a period of approximately 15 minutes 
with use of 1 ml syringe, as previously described.!9 Four 
animals underwent occlusion of the left anterior descend- 
ing coronary artery, and 2 underwent circumflex occlu- 
sion. 

After onset of electrocardiographic and hemodynamic 
alterations with occlusion, each dog underwent a second 


exposure to hyperbaric oxygenation, with use of a time se- 
quence identical to that used in the control exposure peri- 
od. Decompression time at 1.3 A.T.A. was required for ni- 
trogen washout. ?° 


Group II: Animals Exposed to Air at 1 Atmosphere 


Preparation and instrumentation: The 8 dogs that un- 
derwent coronary occlusion while breathing room air at 1 
A.T.A. were prepared and instrumented as were the dogs 
that underwent hyperbaric exposure, with the following 
alterations: They were not studied in the hyperbaric oper- 
ating theater; a bag was not placed over their head for air 
delivery; and a temperature-control blanket was not re- 
quired. 

Protocol: Ten minutes after base-line measurements, 
coronary occlusion was produced, and the dogs were moni- 
tored for the subsequent 70 minutes in a fashion identical 
to that of the dogs undergoing hyperbaric exposure. Seven 
dogs had left anterior descending occlusion, and 1 a cir- 
cumflex occlusion. 


General Methodology 


The electrocardiogram and aortic and left ventricular 
pressures were monitored at slow (0.25 mm/sec) paper 
speed continuously, and intermittently (every 5 minutes) 
at a rapid (50 mm/sec) paper speed with a Sanborn no. 
964 4-channel heat-writing recorder. Cardiac output, arte- 
rial blood gases and pH were measured every 10 minutes. 
Zero pressure was placed at mid-chest position. 

Cardiac output was measured by dye-dilution tech- 
niques, with injection of 2.5 mg indocyanine green dye 
into the right atrium and sampling from the central aorta 
with a Colson densitometer and Harvard withdrawal 
pump. Blood was reinfused into the dog after inscription 
of each curve. Arterial blood samples were sealed after 
being drawn, and analyzed immediately with an Instru- 
mentation Laboratories No. 113 system. In the hyperbaric 
chamber, the oxygen electrode was calibrated with 100 
percent nitrogen and air, and the carbon dioxide electrode 
with 2 percent carbon dioxide at both 1 and 3 atmo- 
spheres of pressure. The calibration technique was care- 
fully checked by tonometry with an Instrumentation Lab- 
oratory Model 137 tonometer. A range expander in the 
oxygen circuit of the recording meter allowed measure- 
ment of oxygen tensions between 0 and 3,200 mm Hg. 
This technique of calibration has been used extensively in 
both experimental animals and patients. 17 

Hematocrit was determined in 7 of the 14 animals by 
microcapillary technique. Blood withdrawn for all analyses 
was less than 100 cc per dog. Derived data were calculated 
using the formulas: 


Total peripheral resistance (dynes sec cm~°) = 
mean arterial pressure (mm Hg) X 1.332 X 60 
cardiac output (liters /min) 


Left ventricular minute work (kg-m/min) = 

mean arterial pressure (mm Hg) X 
cardiac output (liters/min) X 1.055 X 1.36 
a Oe 


Stroke work (g-m/beat) = 
left ventricular minute work (kg-m/min) X 1,000 


heart rate (beats/min) 
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FIGURE 1. Arterial blood gases and pH during hyperbaric Oxy- 
gen exposure in control state (dashed line) and with coronary 
occlusion (solid line). Data are expressed as the mean values 
for the 6 dogs in Group |. The bottom scale depicts the experi- 
mental profile, beginning with air at 1 A.T.A., followed by 100 
percent oxygen at 3 A.T.A., air at 3 A.T.A. and air at 1.3 A.T.A. 
(see Methods). Hyperbaric exposure in the control state and 
after coronary occlusion did not produce any significant change 
in arterial pH or PCO2. Before the second hyperbaric exposure 
period, coronary occlusion was produced between the first and 
second 10 minute base-line periods. A.T.A. = atmospheres ab- 
solute of pressure. 


Results 


Group I: Animals Exposed to Hyperbaric 
Oxygenation (6 dogs) 


Arterial blood gases and pH in the 6 dogs exposed 
to hyperbaric oxygenation both in the control state 
and after coronary occlusion are shown in Figure 1. 
The 20 minute exposure to 100 percent oxygen at 3 
atmospheres of pressure in the control study pro- 
duced an increase in mean arterial oxygen content of 
32 to 45 percent, based on the hematocrit values, 
which ranged from 34 to 50 percent in the 7 dogs 
tested.21 There was no significant change in arterial 
pH or PCO. Rectal temperature increased by less 
than 1 C in all dogs with chamber pressurization. 

Control hyperbaric oxygenation: Hemodynamic 
data during the control hyperbaric exposure period 
are shown in Figure 2 and Table I. When the level of 


3 atmospheres of pressure was first attained while 
the dogs were breathing 100 percent oxygen, mean 
aortic pressure increased gradually, to a value 8 per- 
cent above control level by the end of the exposure 
period. This increase was of borderline significance 
(0.05 < P < 0.10). Left ventricular end-diastolic 
pressure increased from 8.0 to 9.7 mm Hg (P <0.05) 
by the end of the exposure period. Heart rate, cardi- 
ac output and stroke volume did not change signifi- 
cantly but tended to decrease with hyperbaric oxyge- 
nation. Total peripheral resistance, left ventricular 
minute work and stroke work also did not change 
significantly, but tended to increase toward the end 
of the exposure period. 

When dogs returned to air breathing at 1.3 atmo- 
spheres of pressure, the PO» decreased to a level 
slightly above control values, as expected because of 
the slightly increased chamber pressure. All hemody- 
namic variables returned toward control levels ex- 
cept aortic pressure, which remained increased. 

Coronary occlusion: Hemodynamic data in the 
same 6 dogs, before and after coronary occlusion, 
and during the subsequent exposure to hyperbaric 


AORTIC MEAN 140 
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( mm Hg / e554 JN 
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HEART 
WATE )'°° 
(beats/min) 80 Al HHHH 
60 
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LVEDP * * 
(mm Hg / 10 





STROKE 40 
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(mi/beat) >°? 
20 
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*p<0.10 
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FIGURE 2. Group |. Hemodynamic data in control exposure to 
hyperbaric oxygenation. Data are expressed as mean values + 
standard error of the mean for the 6 dogs. Statistical compari- 
sons are between each point and the mean of the points during 
the initial 10 minutes. LVEDP = left ventricular end-diastolic 
pressure. 
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oxygenation are shown in Figure 3 and Table I. Cor- 
onary occlusion produced the following changes: 
Heart rate increased by 40 percent (P <0.05), stroke 
volume decreased by 24 percent (P <0.05) and 
stroke work by 26 percent (P <0.01) and left ventric- 
ular end-diastolic pressure increased from 9.1 to 13.1 
mm Hg (not significantly at this time). Mean aortic 
pressure, cardiac output, total peripheral resistance 
and left ventricular minute work did not change sig- 
nificantly. Arterial blood gases were stable. 
Hyperbaric oxygenation after coronary occlu- 
sion: When these 6 dogs were exposed to 100 percent 
oxygen breathing at 3 atmospheres of pressure after 
coronary artery occlusion (Fig. 1 and 3, Table I), 
arterial PO% increased to levels attained during the 
control study, but arterial pH and PCO2 remained 
stable. Mean arterial pressure increased gradually 
during the exposure period to a value 9 percent above 
that of the post-occlusion control period. This was 
of borderline significance (0.05 < P < 0.10). At the 
end of the exposure period, left ventricular minute 
work increased by 9 percent (P <0.01), and stroke 
work by 17 percent; this change was of borderline 
significance (0.05 < P <0.10). Left ventricular end- 


TABLE | 
Left Ventricular Minute Work and Stroke Work* 


diastolic pressure increased from 13.1 to 17.4 (P 
<0.01). Heart rate, cardiac output and stroke vol- 
ume again did not change significantly. The level of 
total peripheral resistance did not change significant- 
ly, but again tended to rise during the exposure. 

After return to air breathing at 1.3 atmospheres of 
pressure, arterial PO2 again fell to expected levels. 
PCO% and pH values remained stable. Aortic mean 
pressure and left ventricular end-diastolic pressure 
returned toward control values. 

An example of aortic and left ventricular pressure 
tracings during hyperbaric exposure after coronary 
occlusion is presented in Figure 4. Obtained from the 
dog with the greatest degree of left ventricular fail- 
ure after coronary occlusion, these tracings indicate 
that no transient hemodynamic alterations occurred 
with the initiation or termination of hyperbaric oxy- 
genation. 


Group II. Animals Exposed to Air at 1 Atmosphere 
(8 dogs) 


Hemodynamic alterations with coronary occlusion 
and during the subsequent 70 minutes in the 8 dogs 





Time (min) 





Group | 
(control hyperbaric 
oxygenation) 
Left ventricular minute work 
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* Coronary occlusion in the 2 infarct studies was produced after the initial 10 minute control period. Statistical comparisons are be- 
tween the mean of values obtained during the following 10 minute control period and each of the subsequent values. 


+ P< 0.01. 
{P< 0.10. 
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FIGURE 3. Group |. Hemodynamic data with coronary occlusion 
and subsequent exposure to hyperbaric oxygenation. Data are 
expressed as mean values + standard error of the mean for the 
6 dogs. Coronary occlusion was produced during the break in 
the lines. Statistical comparisons are between each point after 
occlusion and the mean of the points during the initial 10 min- 
utes after occlusion. 
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FIGURE 5. Group IlI. Hemodynamic data with coronary occlu- 
sion in animals breathing air at 1 A.T.A. Data are expressed as 
mean values + standard error of the mean for the 8 dogs. Cor- 
Onary occlusion was produced during the break in the lines. 
Statistical comparisons are between each point after occlusion 
and the mean of the points during the initial 10 minutes after 
occlusion. The dashed lines on the bottom panel indicate the 
comparable period during which hyperbaric oxygenation was in- 
stituted in animals in Group |. 
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FIGURE 4. Pressure tracings obtained before and after coronary occlusion, and during institution and termination of hyperbaric oxyge- 
nation in 1 of the 6 animals in Group |. This dog had the greatest increase in left ventricular end-diastolic pressure following coronary 
occlusion. Panel 1 (control) shows tracings obtained before any interventions; panel 2 (infarct) shows tracings obtained 5 minutes 
after coronary occlusion; panels 3 to 5 (infarct plus pressure) show tracings obtained, respectively, during onset of pressurization with 
100 percent oxygen breathing, upon attainment of 3 atmospheres of pressure, and with resumption of air breathing. Coronary occlusion 
produced an increase in heart rate, from 72 to 128 beats /min, a reduction of arterial pulse pressure, and an increase in left ventricular 
end-diastolic pressure from 10 to 20 mm Hg. Pressures were stable during onset of oxygenation and pressurization and during return 


to air breathing. LV = left ventricular. 
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breathing room air at 1 atmosphere of pressure are 
shown in Figure 5 and Table I. During the first 10 
minutes after occlusion, heart rate increased by 32 
percent (P <0.001), stroke volume decreased by 24 
percent (P <0.05), and left ventricular end-diastolic 
pressure increased from 7.0 to 13.4 mm Hg (P 
<0.05). Aortic mean pressure, cardiac output, total 
peripheral resistance and left ventricular minute 
work did not change significantly. Stroke work de- 
creased by 12 percent, but the change was not signif- 
icant. 

Comparison of measurements at each subsequent 
time interval with the mean values obtained in the 
first 10 minutes after occlusion revealed that arterial 
blood gases were stable, whereas the level of left ven- 
tricular end-diastolic pressure increased from 13.4 
mm Hg to a high value of 17.9 mm Hg 55 minutes 
after occlusion (P <0.05). Mean aortic pressure, 
heart rate and cardiac output each had 1 point sig- 
nificantly different from the control period but no 
persistent trends were noted. Stroke volume, total 
peripheral resistance, left ventricular minute work 
and stroke work did not change significantly. 


Discussion 


The effects of hyperbaric oxygenation upon left 
ventricular failure after acute myocardial infarction 
have received little attention primarily because of 
the difficulties of making clinical measurements and 
the lack of a suitable experimental model. Despite 
the demonstration that hyperbaric oxygenation may 
directly depress performance of the normal canine 
left ventricle,22 there are reasons to anticipate that 
performance of the acutely infarcted left ventricle 
might improve. This expectation is based upon the 
theoretical existence of ischemic zones surrounding 
and possibly within an infarct, which might be poten- 
tially salvageable if oxygenation could be en- 
hanced.23 24 Regional myocardial ischemia is known 
to impair both local myocardial contractility and 
overall cardiac function, but the change is fully re- 
versible if flow is restored within a few minutes.?° 
However, even if coronary blood flow to an ischemic 
area cannot be altered, increasing the oxygen tension 
and content of arterial blood may relieve myocardial 
ischemia and thus improve local contractility and 
overall cardiac function. It would appear reasonable, 
therefore, that actual infarct size and ensuing chronic 
cardiac impairment might be decreased.?® 

Oxygen breathing at normal or increased pressures 
is known to reduce coronary blood flow in dogs with 
nonischemic hearts2731 and in dogs subjected to 
hemorrhage.?2 However, coronary blood flow to isch- 
emic myocardium may not change, or may even in- 
crease, with hyperbaric oxygenation.14:33 The fact 
that increased oxygen tension may result in in- 
creased delivery of oxygen to ischemic myocardium 
has been suggested by the following: increases in 
oxygen tension in back-flow of blood distal to ligated 
coronary arteries,33 the protective effect upon cate- 
cholamine-mediated myocardial ischemia,**:*° a re- 
duction in “excess lactate”? production,!* and in- 


creases in oxygen tension measured with polaro- 
graphic oxygen electrodes inserted into ischemic 
myocardium, 23-24 although this last finding has been 
challenged recently.26 The question still remains 
whether enough ischemic myocardium receives suffi- 
cient additional oxygen to improve overall cardiac 
performance. 

The hemodynamic response to oxygen breathing at 
1 atmosphere of pressure and under hyperbaric con- 
ditions has been studied in man after acute myocar- 
dial infarction. Peripheral vascular resistance and 
arterial blood pressure usually increase, and cardiac 
output and heart rate remain the same or de- 
crease.37-49 These changes are similar to those ob- 
served in normal man breathing elevated oxygen con- 
centrations at 141.42 or 321 atmospheres of pressure. 
These studies of systemic hemodynamics in clinical 
myocardial infarction provide no direct assessment of 
left ventricular function. These changes are too small 
and inconsistent to suggest even indirectly that left 
ventricular function may be altered. In fact, all the 
hemodynamic effects observed in man could be ex- 
plained on the basis of oxygen-induced systemic va- 
soconstriction. 

In the 6 dogs exposed to hyperbaric oxygen (Group 
I), coronary occlusion 1 hour after control hyperbaric 
exposure produced left ventricular failure manifested 
by a rise in heart rate, a reduction in stroke volume 
and stroke work and an increase in left ventricular 
end-diastolic pressure. Hyperbaric oxygenation after 
coronary occlusion in this group of 6 dogs resulted in 
an increase in mean aortic pressure, left ventricular 
minute work and stroke work and a further increase 
in left ventricular end-diastolic pressure (Fig. 3, 
Table I). However, the only statistically significant 
changes were increases in left ventricular end-dia- 
stolic pressure and left ventricular minute work. Al- 
though hyperbaric oxygenation was associated with 
an increase in left ventricular minute work, the se- 
verity of left ventricular failure, as measured by end- 
diastolic pressure, increased. This rise in the level of 
end-diastolic pressure may be explained by 3 factors: 
the increase in aortic mean pressure, a possible oxy- 
gen-induced depression of left ventricular function? 
or the natural course of failure after coronary occlu- 
sion in this preparation. The latter factor appears to 
play a definite role because of the progressive in- 
crease in end-diastolic pressure during the first 70 
minutes after coronary occlusion in the dogs breath- 
ing room air at 1 atmosphere of pressure (Group II). 

Reasons for lack of effect on left ventricular 
performance: From this study there is no evidence 
that oxygen exposure at the 3 atmospheres of pres- 
sure either aggravated or ameliorated left ventricular 
failure in dogs with myocardial infarction at a time 
when the hemodynamic alterations were potentially 
reversible. Two possible explanations may be consid- 
ered: (1) The quantity of marginally ischemic myo- 
cardium surrounding the infarct may be insufficient 
to alter hemodynamics when oxygenation is im- 
proved.#3 Although there is histologic,** electro- 
physiologic*® and polarographic??:24 evidence of the 
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existence of a border zone of ischemia, its quantita- 
tive significance in terms of contributing to left ven- 
tricular function has not been defined. (2) Even with 
increased availability of oxygen in border zones of 
ischemia, there is no firm evidence that either myo- 
cardial viability or contractility would be preserved. 
When myocardial ischemia is produced, contractility 
is depressed almost immediately, 4® long before there 
is evidence of any decline in high energy phosphate 
stores, which are largely dependent upon oxidative 
metabolism.4? Other factors such as cellular acidosis 
may be important in depressing myocardial func- 
tion. 48 

Studies in animal preparations with profound cir- 
culatory depression and systemic hypoperfusion have 
shown improvement with hyperbaric oxygenation in 
some instances.13:14 However, these experimental 
shock models are not comparable to our model of 
ischemia-induced congestive heart failure in which 
systemic pressure and cardiac output are well main- 
tained. Hyperbaric oxygen exposure in our study was 
limited to 20 minutes, a shorter exposure than that 
of most other studies. 


Clinical implications: Certain differences exist 
between the canine model of acute myocardial in- 
farction and the clinical lesion. The uninvolved myo- 
cardium of the dog heart is normal whereas, in the 
human heart, areas uninvolved by the infarct may 
also be ischemic because of diffuse coronary disease. 
The infarcted human heart in this situation could 
have a response to hyperbaric oxygenation different 
from that of the heart of our experimental model. 
However, absence of systemic hemodynamic effects 
suggesting marked changes in ventricular perfor- 
mance in dogs are in agreement with results of avail- 
able studies of the hemodynamic effects of oxygen 
breathing after the occurrence of acute myocardial 
infarction in man.37-40 
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This study evaluated the hypothesis that the isometric stress of load 
carrying augments the dynamic exercise response seen on the 
treadmill, and estimated the magnitude of this effect on heart rate 
and blood pressure for several methods of carrying the same load. 
Thirteen healthy subjects carried 40 Ib in the right hand (H), 40 Ib 
on the back (B), 20 Ib in each hand (D) and no weight (N) while 
walking for 3 minutes on the treadmill at a grade of 0 at 1.7 miles / 
hour. A statistically significant increase in the rate of rise and peak 
levels of systolic blood pressure, heart rate, estimated mean blood 
pressure, the product of estimated mean blood pressure and heart 
rate and systolic blood pressure-heart rate product was shown when 
task H was compared with tasks B, D and N. Values for tasks D 
and B did not differ significantly. 

The effects of isometric and dynamic exercise combined were 
greater than those of dynamic exercise alone. An effective technique 
of load distribution reduced the rate of increase in blood pressure, 
heart rate and the peak attained during dynamic exercise, thereby 
suggesting a lower level of myocardial oxygen con$Sumption for a 
given weight-carrying task. These results can be applied to evalua- 
tion of patients with heart disease and estimation of their exercise 
tolerance. 


Isometric stress produced by handgrip has been shown to produce 
significant increases in systolic and diastolic blood pressures and 
heart rate. 1 Previous studies have shown that these handgrip isomet- 
ric responses augment those produced by treadmill or other dynamic 
exercise.’ Thus, a person walking at a usual rate, but carrying a load 
such as a suitcase, might have a much higher than expected blood 
pressure-heart rate product with a consequent increase in myocardial 
oxygen consumption. The syndrome of “airport angina,” which pa- 
tients have repeatedly described to us, might be explained on this 
basis. (“Airport angina” is the severe and unexpected angina a pa- 
tient experiences at an airport, while walking at a rate usually com- 
fortably tolerated; it is often associated with the carrying of a brief- 
case or suitcase. Frequently patients volunteer the information that 
they have learned to carry nothing.) 

This study was designed (1) to evaluate the hypothesis that the 
isometric stress of load carrying augments the dynamic exercise re- 
sponse seen on the treadmill, (2) to estimate the effect of this stress 
on heart rate and blood pressure using several methods of carrying 
the same total load, and (3) to suggest practical application of these 
results. 


Subjects and Method 


The subjects were 13 healthy untrained young male volunteers aged 30 to 
34 years (mean 32 years). An initial examination revealed no physical or 
historical evidence of chronic disease or acute disorder at the time of study. 
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Heart Rate beats/min 


Blood Pressure mm Hg 





Time min 


FIGURE 1. Predicted values in 1 subject for heart rate and 
blood pressure for tasks H (40 Ib in 1 hand) and N (no added 
weight) are shown by dotted and solid lines, respectively. Cir- 
cles indicate observed values for task H; squares indicate ob- 
served values for task N. 


Auscultatory blood pressure of 140 mm Hg systolic or 100 
mm Hg diastolic at casual examination with the arm cuff 
aneroid sphygmomanometer was the maximum observed 
(range 100 to 140 systolic, 60 to 100 diastolic). No subject 
had a history of sustained hypertension. Each had fasted 
for 12 to 14 hours at the time of the procedure. 

Each subject underwent a standardized exercise con- 
sisting of 4 periods of 3 minutes each at 1.7 miles/hour at 
0° grade on a treadmill. The 4 tasks were to carry 40 lb in 
the right hand (H), 20 lb in each hand (D), 40 lb on the 
back (B) and no added weight (N). These tasks allowed 
comparison, in a single person, of responses to no isometric 
stress of weight lifting with responses to 3 modes of lifting 
the same load superimposed on the identical treadmill 
stress. The weights consisted of medical textbooks carried 
in an aluminum frame backpack. When task D was per- 
formed 2 small suitcases were carried. A 12 lead electro- 
cardiogram was recorded before exercise, and in all cases 
was within normal limits. Leads V5, Y and Z (Frank lead 
system) were recorded on a direct-writing 3 channel re- 
corder. These same leads were constantly monitored on an 
oscilloscope during and after exercise. 

Standing resting blood pressures were recorded before 
each of the 4 exercise periods immediately after the load 
was handed to the subject or placed on his back. The 
subject then stepped on the already moving treadmill. A 
10 beat electrocardiographic strip and left arm blood pres- 
sure were recorded just before exercise, at 30 second inter- 
vals during the exercise and for 3 minutes during standing 
without the load after exercise. After another 5 minutes of 
rest while the subject was seated, the next exercise task 
was performed. These cycles continued until all 4 tasks 
were completed. 

Resting, exercise and postexercise electrocardiograms 
were measured to obtain heart rate. Systolic and diastolic 
blood pressure, pulse pressure, estimated mean blood 
pressure (diastolic pressure plus a third of pulse pressure 


in millimeters of mercury), heart rate-mean blood pres- 
sure product and heart rate-systolic blood pressure prod- 
uct were measured or calculated. Changes in all of these 
values from resting control level were evaluated for each 
task. 


Statistical Methods 


Of the 24 possible sequences in which 4 tasks can be 
performed, 13 were chosen so that each task occurred at 
least 3 times within each order. 
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FIGURE 2. Analysis of predicted maximal values during ex- 
ercise (Duncan's new multiple range test). Values under the 
same horizontal line are not significantly different from each 
other. Values not under the same horizontal line are signifi- 
cantly different at the confidence levels indicated. B = 40 Ib 
on the back; D = 20 Ib in each hand; H = 40 Ib in 1 hand; 
N = no added weight. 
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FIGURE 3. Analysis of rate of change of dependent variables at 
15 seconds of stress (Duncan's new multiple range test). Values 
under the same horizontal line are not significantly different from 
each other. Values not under the same horizontal line are signifi- 
cantly different at the confidence levels indicated. 


The blood pressure and heart rate responses to exercise 
for the individual subjects exhibited a considerable varia- 
tion about the “true” response curve (Fig. 1). For this rea- 
son the data were smoothed by fitting a function of the 
form: 


y =a tfe- 7! (*) 


to a subject’s observations measured during exercise. In 
this equation, y is 1 of the response variables, t is time, 
anda, and Y are constants to be determined by the 
method of least squares. The function derived for heart 
rate usually attained a maximal value during the exercise 
period and was determined for subsequent statistical 
analysis by the ordinary methods of differential calculus. 
For the other variables, the trend was still generally up- 


ward at the end of the 3 minute exercise period, so the 
values chosen for analysis were those evaluated from the 
functions (*) at t = 3 minutes. Estimates of the initial 
rates of increase of the variables were obtained by evalu- 
ating the time derivatives of the functions (*) 15 seconds 
after the onset of exercise. 

For each of the 7 variables studied, the predicted maxi- 
mal values and initial rates of increase determined for 
each of 4 tasks performed by the 13 subjects were ana- 
lyzed for task differences by a generalized least squares 
program.? The program adjusts for any subject to subject 
differences (usually very significant) and differences due 
to the order in which the task was performed, and then 
tests for an overall task effect. The tasks found to be sig- 
nificantly different in most of the analyses were then com- 
pared with each other in all possible ways by Duncan’s 
new multiple range test? (Fig. 2 and 3). 


Results 
Analysis of Predicted Values 


Analysis of variance of predicted maximal values 
in healthy persons revealed: (1) Systolic and diastol- 
ic blood pressure, pulse pressure, estimated mean 
blood pressure, heart rate-mean blood pressure prod- 
uct, heart rate-systolic blood pressure product and 
heart rate were significantly greater in response to 
task H, carrying 40 lb in 1 hand, than in the other 3 
tasks. (2) With the exception of pulse pressure, all of 
these measured responses were significantly less for 
task N, no added weight, than for the other 3 tasks. 
(3) There were no differences between the responses 
to task D, 20 lb in each hand, and task B, 40 lb on 
the back. (4) A steady state was reached within 3 
minutes only for heart rate (all tasks), heart rate- 
mean blood pressure product (all tasks except carry- 
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FIGURE 4. Observed heart rate and systolic and diastolic blood 


pressure before, during and after stress. Stress was terminated 
at 3 minutes. 
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FIGURE 5. Systolic blood pressure X heart rate, observed 
values. 


ing 40 lb in 1 hand) and systolic blood pressure-heart 
rate product (only when no load was carried). 

Rate of change of measures analysis showed that: 
(1) Except for diastolic and pulse pressures, the re- 
sponse rates were significantly greater for the task of 
carrying 40 lb in 1 hand than for all other tasks (2) 
The responses to carrying 20 lb in each hand and 40 
lb on the back did not differ significantly except for 
mean blood pressure-heart rate product. (3) Mean 
blood pressure and diastolic and systolic pressures 
were significantly less for task N, no added weight, 
than for all other tasks. 


Maximal Values 


Analysis of predicted maximal values during exer- 
cise revealed many significant differences in response 
to task by the group (Fig. 2 and 3). Observed mean 
results are graphically illustrated in Figures 4 to 6 
for the group of 13 subjects and maximal observed 
levels are included in Table I. For observed maximal 
values heart rate did show an order effect (P <0.04). 
However, this may well be a statistical artifact since 
approximately 1 of 25 such analyses would be ex- 
pected to show falsely significant results. 

Analysis of variance of predicted maximal values 
demonstrated that effects attributable to order of 
performing exercise tasks were insignificant. For all 
indirect physiologic measures listed, there were, as 
expected, statistically significant differences in re- 
sponse to exercise that were due to the individual 
subject tested (P <0.0001) except for lower levels of 
significance for diastolic blood pressure (P <0.0002) 
and pulse pressure (P <0.04). The tasks performed 
were significantly different in the resultant responses 
at the P <0.0001 level except for pulse pressure; this 


difference was significant at a lower level (P <0.01), 
when adjusted for individual subject differences. 

For all measures except pulse pressure, the pre- 
dicted maximal values during exercise were signifi- 
cantly different for the task of carrying 40 lb in 1 
hand as compared to each of the other individual 
tasks (P <0.01). For pulse pressure, the difference 
was significant (P <0.05) (Fig. 2A). 

The predicted maximal values for the no added 
weight task were significantly lower than those of all 
other task responses at the P <0.01 level for diastolic 
blood pressure, heart rate, mean blood pressure, 
mean blood pressure-heart rate product and systolic 
blood pressure-heart rate product, and at the P 
<0.05 level for systolic blood pressure. For pulse 


pressure the values for the no added weight task 


were not statistically different from those for the 
tasks of carrying 40 lb on the back or 20 lb in each 
hand (Fig. 2, A and B). For the latter tasks, predict- 
ed values did not differ significantly from each other 
in any instance (Fig. 2, A and B). 

A steady state as determined from the fitted func- 
tion was rarely obtained by the end of 3 minutes of 
stress; for example, systolic blood pressure appeared 
to be increasing throughout all tasks. Diastolic blood 
pressure appeared to be still increasing in most 
subjects at 3 minutes except when no load was car- 
ried. Pulse pressure and mean blood pressure also 
appeared to continue to increase at 3 minutes. Marxi- 
mal heart rate was almost always reached before 3 
minutes. Heart rate-mean blood pressure product 
reached maximum before 3 minutes in the majority 
of subjects who carried no load, had 40 lb on the 
back or 20 lb in each hand but, when the entire 40 lb 
was carried in 1 hand, only 1 subject reached plateau 
before 3 minutes. Systolic blood pressure-heart rate 
product appeared to reach maximum before 3 min- 
utes in the majority of those carrying no load, but 
apparently did not reach peak level by 3 minutes in 
most subjects during the other tasks. When mean 
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TABLE I 
Observed and Predicted Maximal Values—All Variables 














Range 
One Standard 8 
Mean Deviation Low High 
no.* Obs. Pred. Obs. Pred. Obs. Pred. Obs. Pred. 
AEMET EE = ne eS Re SLM een Se ETS ae a A AE E e ah S ee Ls SDE 
No Added Weight 
Systolic BP 13 129 123 11 12 104 100 140 140 
Diastolic BP 13 87 81 7 7 80 72 100 94 
Heart rate (beats/min) 13 97 94 11 11 73 72 118 114 
Pulse pressure (mm Hg) 13 47 41 9 8 34 29 60 53 
Mean BP 13 99 95 7 8 88 81 111 105 
Mean BP X heart ratet 13 9,224 8,730 1,495 1,302 7,251 7,023 12,246 11,680 
Systolic BP X heart ratet 13 11,841 11,135 1,875 1,774 9,360 8,760 15,210 14,231 
40 Ib on Back 
Systolic BP 13 133 132 15 15 110 112 158 159 
Diastolic BP 13 94 91 10 11 80 70 120 120 
Heart rate (beats/min) 13 102 100 13 12 75 75 129 127 
Pulse pressure (mm Hg) 13 43 41 11 13 30 26 64 63 
Mean BP 13 106 105 11 11 87 84 130 129 
Mean BP X heart ratet 13 10,534 10,305 1,854 1,810 7,727 7,654 14,583 14,311 
Systolic BP X heart ratet 13 13,251 12,933 2,611 2,527 9,880 9,603 19,750 19,348 
20 Ib in Each Hand 
Systolic BP 13 138 138 12 13 116 115 164 171 
Diastolic BP 13 97 94 8 7 84 81 118 108 
Heart rate (beats/min) 13 106 103 12 12 80 79 127 126 
Pulse pressure (mm Hg) 13 46 44 9 10 36 33 64 65 
Mean BP 13 110 109 9 8 92 93 131 129 
Mean BP X heart ratet 13 11,112 10,789 1,645 1,619 8,556 8,309 14,208 13,946 
Systolic BP X heart ratet 13 14,004 13,540 2,310 2,274 10,586 10,263 18,204 17,651 
40 Ib in 1 Hand 
Systolic BP 13 160 162 13 15 130 132 180 181 
Diastolic BP 13 109 108 11 11 90 90 130 132 
Heart rate (beats/min) 13 114 111 12 12 85 83 128 125 
Pulse pressure (mm Hg) 13 58 53 13 14 40 32 80 74 
Mean BP 13 126 126 10 11 103 104 140 43 
Mean BP X heart ratet 13 13,876 13,720 2,019 2,145 10,700 10,525 17,920 17,631 
Systolic BP X heart rate 13 17,650 17,581 2,403 2,604 13,230 13,351 20,910 21,783 





* Same no. for observed and predicted values. 
t (mm Hg min-?). 


BP = blood pressure (mm Hg); Obs. = observed; Pred. = predicted. 


blood pressure-heart rate product and systolic blood 
pressure-rate product peaked earlier than 3 minutes, 
the response was almost always primarily a function 
of the early peak in heart rate. In general, maximal 
attained pressures appeared to lag behind maximal 
heart rate. 
Rate of Change of Measures 

Because many load-carrying tasks are completed 
in a few seconds, we examined how rapidly changes 
occurred during the different tasks. The first 15 sec- 
ond response was used. These results are presented 
in Figure 3. For all measures except diastolic blood 
pressure and pulse pressure, the rate of increase per 


minute at the end of 15 seconds for the task of carry- 
ing 40 lb in 1 hand was significantly different from 
the response to all other tasks. Rate of change of 
pulse pressure was not significantly different for any 
of the 4 tasks. Order of task performance had no sig- 
nificant effect on any response. 

The rate of change of systolic blood pressure was 
greater (P <0.01) for the task of carrying 40 lb in 1 
hand than for all other tasks. Responses to the tasks 
of carrying 20 lb in each hand and 40 lb on the back 
did not differ from each other, but the rate of change 
for both tasks was greater than that of the no added 
weight task (Fig. 3). 
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The rates of change of diastolic blood pressure for 
the task of carrying 40 lb in 1 hand and 20 lb in each 
hand did not differ from each other (Fig. 3), but 
both were significantly greater than the rate for the 
no added weight task (P <0.01). Responses to carry- 
ing 20 lb in each hand and 40 lb on the back did not 
differ from each other, and both were greater than 
responses for the no added weight task (P <0.01 and 
P <0.05, respectively) (Fig. 3). 

Heart rate responded more rapidly to the task of 
carrying 40 lb in 1 hand than to all other tasks (P 
<0.05) and the rate was greater than rates for carry- 
ing 40 lb on the back or no added weight (P <0.01). 
Heart rate responses for divided weight, back-carried 
weight and no added weight did not differ signifi- 
cantly. : 

Mean blood pressure rate of response for 40 lb in 1 
hand was greater than for all other tasks (P <0.01); 
responses to the tasks of divided weight and back- 
carried weight did not differ from each other, but 
both were greater than responses to the task of no 
added weight (P <0.01). 

The response rate of the product of mean blood 
pressure and heart rate to the 40 lb in 1 hand load 
was greater than responses to all other tasks (P < 
0.01). Responses for divided weight and back-carried 
weight differed (P <0.05); those for no added weight 
and back-carried weight did not (Fig. 3). 

The rate of increase of systolic blood pressure- 
heart rate product was greater when 40 lb was car- 
ried in 1 hand than the rate during all other tasks (P 
<0.01) (Fig. 3). Values for no added weight and for 
back-carried weight did not differ. Response to the 
task of carrying divided weight was greater than the 
response to carrying no added weight (P <0.05) (Fig. 
3). 


Discussion 


Isometric exercise produces significant changes in 
heart rate, systolic and diastolic blood pressure, car- 
diac output, cardiac index and left ventricular sys- 
tolic and end-diastolic blood pressures.!-4 Stroke vol- 
ume and stroke index may also decrease in patients 
with heart disease. Additionally, coronary sinus 
blood flow and myocardial oxygen consumption in- 
crease in these patients during isometric stress.° Sys- 
temic vascular resistance may increase in such pa- 
tients but usually does not in normal subjects. Pa- 
tients with heart disease with good left ventricular 
reserve respond with an increase in stroke work but 
no significant change in left ventricular end-diastolic 
pressure. Patients with poor reserve have reduced 
stroke work with a substantial increase in left ven- 
tricular end-diastolic pressure.® 

Mean blood pressure-heart rate product and peak 
systolic blood pressure-heart rate product are related 
to myocardial oxygen consumption.® Angina pectoris 
is known to occur when a reproducible product level 
is reached in each subject with angina pectoris tested 
by graded exercise testing.7 Furthermore, the combi- 
nation of isometric stress with a given treadmill ex- 


ercise stress results in an augmented blood pressure, 
heart rate and oxygen consumption.1-8:9 Our study 
confirms these earlier observations. Theoretically, 
such an augmentation by isometric exercise would 
produce an earlier onset of angina at any given walk- 
ing level because of the additional increase in blood 
pressure and heart rate secondary to the isometric 
stress. 

Although our study did not deal directly with pa- 
tients with angina pectoris, we found a significantly 
more rapid increase in systolic blood pressure, heart 
rate, mean blood pressure, mean blood pressure- 
heart rate product and systolic blood pressure-heart 
rate product when healthy subjects carried a given 
weight in 1 hand than when they carried the same 
weight on the back or divided it between 2 hands or 
carried no added weight. Similarly, the maximal ob- 
served or predicted levels of all these measures were 
significantly higher at the same treadmill exercise 
level when the load was carried in 1 hand than in the 
other 3 tasks. Maximal predicted values for carrying 
the same load on the back and for carrying it in 2 
hands in 2 equal loads did not differ from each other. 
These data suggest that myocardial oxygen con- 
sumption demand will increase less rapidly and to a 
lesser degree at a given walking level if one carries a 
load on his back or divides it into 2 equal hand-car- 
ried loads than if one attempts to carry the identical 
total load in 1 hand. 

These results are in accord with previous data 
showing that the systemic response resulting from 
isometric stress is related to the percent of maximal 
voluntary contraction of the specific muscle groups 
utilized in the stress testing and therefore depends 
on the muscle group or groups involved.! Standing 
quietly holding a weight in 1 hand has been shown to 
increase heart rate and blood pressure.! It is known 
that if 2 similar muscle groups are subjected to an 
isometric stress at a particular percent of maximal 
level of voluntary contraction, the systemic response 
will be the same as if only 1 such muscle group were 
stressed at that same percent level.! Therefore, the 
isometric response to carrying 20 lb in 1 hand would 
be expected to be the same as if one carried 20 lb in 
each hand. Carrying 40 lb in 1 hand is expected to 
be much more stressful for the same person than 
carrying the same weight divided into 2 hands. Our 
data support these expectations. 

Carrying a load on the back is expected to be less 
stressful than carrying the same load in 1 hand, since 
the larger back and shoulder muscles required to 
carry it are stressed to a smaller percent of maximal 
voluntary contraction for the same load. This ex- 
pected response is demonstrated by our data. 

Clinical implications: We have interviewed sever- 
al patients who experience angina pectoris while 
carrying a moderate weight in 1 hand (briefcase or 
suitcase) during walking at rates easily tolerated 
without such loading. We believe that the precipitat- 
ing cause of the episode is most likely the isometric- 
induced increase in myocardial oxygen demand 
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(heart rate times blood pressure) in a walking situa- 
tion in which the demand, without the load, would 
have been less than the threshold for angina. 
Although our study concerned healthy subjects, 
such changes undoubtedly occur in patients with 
coronary heart disease as well. One response in a pa- 
tient with a previous myocardial infarction is illus- 
trated (Fig. 7). Therefore, it seems wise to advise pa- 
tients with heart disease who are required to carry 
significant weight that they divide the load so that 
both hands may be employed. The use of a backpack 
may be even more advantageous. Angina develops 
more rapidly in many patients during arm work than 
during walking. Our results suggest that this is at 
least partly due to the isometric effect of muscle 
loading. Isometric stress, such as that produced by 
carrying a suitcase or performing other everyday arm 
activities, obviously can be expected to be more dan- 
gerous in patients with coronary heart disease than 
in normal subjects. This hazard may be diminished 





40 Ibs on back 
0%; 1.7 mph 


stop 


rest FIGURE 7. Patient P. Previous 
myocardial infarction, observed 
values. mph = miles per hour. 


by prudent distribution of loads. Finally, we suggest 
that exercise evaluation, of those who perform iso- 
metric or weight-carrying activities regularly, should 
include a study under similar stress conditions in ad- 
dition to the usual graded exercise testing. Such an 
evaluation will allow the physician to make a more 
rational judgment about the level of acceptable exer- 
cise and help demonstrate to the patient the amount 
of stress of dynamic, isometric and combined types 
he can tolerate as well as means of avoiding exces- 
sive exercise risks. 
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A%echnique for the placement of a flow-directed balloon electrode 
catheter for right ventricular endocardial pacing was utilized suc- 
cessfully in 15 of 17 patients. The catheter is capable of being 
passed either percutaneously, or by cut-down procedure, at the bed- 
side under electrocardiographic control. It was successfully posi- 
tioned in 6 cases after other semifloating electrodes failed. This new 
catheter provides stable, reliable pacing and is an excellent alterna- 
tive to X-ray image intensification for placement under urgent or 
emergent conditions. 


In the clinical setting, the need occasionally arises for rapidly estab- 
lishing effective ventricular pacing. At such critical times it may be 
difficult to move the patient to a conventional X-ray facility, and 
portable image intensification is often too costly or unavailable. As a 
result, several varieties of electrode catheters have been developed 
for blind passage under electrocardiographic control.1-* These cathe- 
ters, at best, have had a success rate of approximately 70 to 80 per- 
cent.1 Recently we have studied 17 patients with a new “floating” 
probe and have found it to be a fast, safe and reliable electrode with 
which to institute bedside ventricular pacing. 


Materials and Methods 


The catheter (Fig. 1) employed in this study is a 110 cm no. 3F bipolar 
catheter consisting of two 5 mm platinum ring electrodes. The distal elec- 
trode is located at’ the tip and the other 1.5 cm proximal to it. Between the 
2 electrodes is a balloon which increases the diameter equivalent to that of 
a 5F catheter. The balloon is inflated by injecting approximately 1.5 cm of 
air into a valve at the proximal end of the catheter. At the time of inser- 
tion, the balloon is inflated under sterile conditions in a fluid medium to 
insure against any leaks. : 

Under local anesthesia the catheter is introduced into an appropriate 
antecubital vein, either percutaneously or by cutdown procedure. With the 
percutaneous approach, a needle or plastic cannula is used with an internal 
diameter large enough to accommodate the wider balloon portion. The 
catheter is then advanced to a previously determined length that would 
place the tip of the probe in the region of the superior vena cava. Occasion- 
ally, as is the case with catheters used in routine cardiac catheterization, 
some difficulty may be experienced negotiating the region of the shoulder. 
This problem may be overcome by rotating the catheter while gently ad- 
vancing and retracting. Abduction of the arm has sometimes been helpful 
in our experience. 

When the catheter is thought to be at the level of the superior vena cava, 
the pigtail extension of the proximal electrode (the shorter of the 2) is con- 
nected to the precordial lead of a well-grounded electrocardiograph. Care is 
taken to insure that the patient is not connected to any other electrical ap- 
paratus. 

Unipolar recordings are made from the catheter tip. In the superior vena 
cava, the recordings will be similar to tracings from lead aVR. The catheter 
is then advanced several centimeters to the high right atrium where the re- 
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FIGURE 1. A no. 3F pacing electrode with a balloon located 
between the electrodes (closed arrow) and inflated (see inset) 
by a syringe attached to a valve at the proximal end of the cath- 
eter. The pigtail connectors for the battery generator are indi- 
cated by open arrows. 


cordings show a large negative P wave. When this site is 
reached, the balloon is inflated with 1.5 cm of air through 
the valve at the proximal end of the catheter. The syringe 
is disengaged from the valve, trapping the air in the bal- 
loon. With the balloon inflated, the catheter is advanced 5 
to 8 cm with constant monitoring of the intracardiac elec- 
trogram. The syringe is then reinserted into the valve 
mechanism and the air withdrawn. 

For reference, recordings obtained at this time are pre- 
sented in Figure 2. Panel A is a recording obtained from 
the superior vena cava before inflation of balloon. Panel B 
represents the recording obtained with the electrode in 
the high right atrium. It is at this time that the balloon is 
inflated. Panel C was recorded with the catheter in the 
right ventricle. Often this position is reached on a direct 
pass from the right atrium. In panel D the catheter has 


air 


FIGURE 2. Intracardiac recordings from the probe in the 
superior vena cava (A), high right atrium (B), right ventricular 
apex (C) and pulmonary artery (D). BE = bipolar electrogram; 
UE = unipolar electrogram. Standardization signal is 1 mv. 


come to rest in the pulmonary artery. The recording in 
this instance often appears similar to that of a peripheral 
augmented lead but of greater amplitude. The catheter 
should be slowly withdrawn until a ventricular complex is 
obtained; at this time it will be in the right outflow tract 
of the right ventricle. 

Figure 3 is an example of the sequence of events in posi- 
tioning a balloon catheter in the apex of the right ventri- 
cle. The top panel was recorded with the catheter in the 
region of the high right atrium. In the middle panel, the 
catheter has been advanced to the mid-right atrium. The 
lowest panel demonstrates the passage to the right ventri- 
cle. 

If the electrode does not pass to the right ventricle or 
pulmonary artery on the first attempt, it should be with- 
drawn to the region of the superior vena cava and the bal- 
loon reinflated. At this time the integrity of the balloon 
should be confirmed by injecting the air into the valve 
mechanism and demonstrating the ability to withdraw the 
same volume. If this is not accomplished, the catheter 
should be removed and discarded on the assumption that 
the balloon is leaking air. When the integrity is verified, 
the preceding technique is again employed. 

Although the situation has not arisen, it is conceivable 
that some difficulty might be encountered with fibrillat- 
ing atria. In our experience with studies in atrial fibrilla- 
tion, differences in amplitude exist between the atrial sig- 
nals recorded in the atrium and those recorded in the su- 
perior vena cava. Under these circumstances it would be 
appropriate to inflate the balloon in the superior cava. 

The adequacy of the final position of the catheter was 
determined by 4 criteria: First, the electrogram from the 
tip electrode had to record a current of injury. This in- 
sured adequate contact of the tip with the endocardial 
surface. Second, bipolar recordings (those obtained with 
the arm leads of the electrocardiograph connected to the 2 
leads from the catheter while the leg leads remain on the 
patient) had to produce a deflection greater than 2 mv. 
This allowed for adequate sensing by the external battery 
generator. Third, the threshold for ventricular pacing (the 
minimal current that will produce consistent capture) was 
tested, using any one of a variety of battery-powered gen- 
erators. In our laboratory we commonly used either a 
Medtronic no. 5837 or 5880A battery generator. The gen- 
erator was subsequently set to deliver the current at levels 
of twice threshold. Fourth, the demand function of the 
system was determined by slowly decreasing the rate of 
firing of the generator until it was suppressed by the pa- 
tient’s own heartbeat; at this time there should have been 
no evidence of competition. Once reliable capture had 
been established and to insure the position of the cathe- 
ter, it was fixed to the skin with a single nylon suture and 
the patient’s arm was strapped to his side with an elastic 
bandage. 

In this study portable chest X-ray films were subse- 
quently obtained in each case to verify the proper position 
of the catheter electrode (Fig. 4). Figure 4 shows a typical 
X-ray film demonstrating the electrode low in the outflow 
tract of the right ventricle where it remained stable until 
removal 12 days later. 

After removal of the electrode the integrity of the bal- 
loon and electrodes was routinely checked. The balloon 
was inflated in a liquid medium to determine the pres- 
ence of leakage of air. The electrodes were checked by 
measuring the resistance with a volt-ohmmeter. No ab- 
normalities in either the balloon or electrode systems were 
detected with these techniques. 
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RA-SVC Junction 





FIGURE 3. Demonstration of the sequential 
passage of the “floating’’ probe from the su- 
perior vena cava to the right ventricle. RA = 
right atrium; RV = right ventricle; SVC = 
superior vena cava. 


Patients 

The balloon electrode catheter was used in 17 patients. 
Eight patients were in the coronary care unit, and the 
catheter was placed for either the sudden development of 
an advanced degree of atrioventricular block either in the 
presence of an acute myocardial infarction (5 patients), 
sudden failure of a permanent generator (1 patient) or 
digitalis-induced A-V block (2 patients). Seven patients 
with various rhythm and conduction disturbances had the 
catheter positioned as a part of right heart catheteriza- 
tion. In 2 patients we were unable to pass the shoulder re- 
gion with any form of semifloating catheter, and a stan- 
dard U. S. Catheter and Instrument bipolar probe was in- 
serted fluoroscopically. 


Results 

Successful placement of the catheter in the right 
ventricle was achieved in all patients within 3 to 5 
minutes after the antecubital vein was entered. 
Thresholds, as determined by either an external de- 
mand generator or by an R wave-coupled generator, 
were usually less than 1 ma (1 patient had a thresh- 
old of 3 ma after 45 minutes of external cardiac mas- 
sage). Of note, the catheter was successfully placed 
in the ventricles on 6 occasions after attempts with 
other forms of semifloating electrodes had failed. 
There was no appreciable difference in the position- 
ing of the catheter electrode at the bedside from the 
ideal situation in the catheterization laboratory. 

Two patients had ventricular premature contrac- 
tions on passage of the catheter. This development 
was apparently related to the balloon as it entered 
the ventricle, since the contractions subsided sponta- 
neously upon deflation of the balloon. Once posi- 
tioned, the catheter was allowed to remain in place 
for 1 to 12 days. There was no evidence of thrombo- 
phlebitis at the site of insertion. Stable pacing with- 
out change in threshold was achieved over the entire 
period. 
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Discussion 


With the rapid developments in cardiac pacemak- 
ers and intensive monitoring the occurrence of situa- 
tions requiring the immediate placement of an elec- 
trode catheter has been appreciated.t-3-5:-6 When the 
circumstances permit, the insertion of a pacemaker 
electrode is still best carried out using image intensi- 
fication. Since this is not always possible, several 
types of electrodes have been developed that may be 
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FIGURE 4. Portable chest roentgenogram showing the location 
of the catheter electrodes low in the outflow tract (arrows). The 
catheter remained in this location for 12 days. 
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positioned at the bedside under electrocardiographic 
control. These are often placed easily and in a very 
short time, but even in the best hands there is only a 
70 to 80 percent success rate. 

The theory behind our successful use of the bal- 
loon catheter is based on that of the flow-directed 
catheter employed by Swan and Ganz.’ No compli- 
cations were noted, and successful positioning in the 
right ventricular apex permitting pacing at a thresh- 
old less than 1 ma was obtained in each patient 
within 2 attempts. 

Although we did not employ either the subclavian 
vein or femoral vein approach in this study, it is safe 
to assume that the success rate in these approaches 
will be as high since we never failed to enter the ven- 
tricle once the right atrium was reached. 

The catheter electrode is no stiffer than any of the 
other semifloating electrodes currently employed. It 
has an advantage over other electrode catheters since 
the deflated balloon supplies a cushioning, accor- 
dion-like effect allowing the catheter tip to retract 
slightly when pressure is placed on it. 

Stability of the pacing site is apparently due to 
the configuration of the catheter. The widening of 
the catheter in the region of the balloon might well 
allow better enmeshment under the trabeculae of the 
right ventricle. This would seem, therefore, to pro- 
vide an advantage not present in the previously em- 
ployed semifloat designs. 

The possibility does exist, as with any probe of 
this kind, that complications might be noted as ex- 
perience with the catheter grows. However, although 


Rosenberg et al.1 reported a 16 percent incidence of 
complications arising from passage of a semifloating 
electrode, the majority of complications were caused 
by failure to produce consistent pacing. There is no 
reason to believe that the catheter technique used in 
our study would be associated with an increased in- 
cidence of complications. The use of air in the bal- 
loon is unlikely to cause difficulty since the quantity 
employed is small (1.5 cc) in relation to the capacity, 
and the balloon is tested before insertion to insure its 
integrity. 

Reinflation of the balloon has produced no prob- 
lems within the guidelines of our usage. Rupture of 
the balloon has not occurred and would not be ex- 
pected to occur since the balloon is capable of hold- 
ing a volume of 7 to 8 cc of air without rupturing. 

Our experience with this new flow-directed cathe- 
ter electrode suggests that it is passed to the ventri- 
cle more consistently and provides better stability 
than currently available semifloating probes. The 
technique requires little experience and does not ne- 
cessitate moving the patient. It would therefore seem 
to offer an excellent alternative to portable image in- 
tensification in the positioning of a catheter elec- 
trode for ventricular pacing under urgent or emer- 
gent conditions. 
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Minoxidil, a new vasodilator antihypertensive compound, was given 
to 9 uremic patients with severe hypertension uncontrollable with 
currently available drugs. Addition of minoxidil in doses of 5 to 10 
mg twice daily to their prior therapy, resulted in satisfactory control 
of blood pressure in all patients. Supine blood pressure fell from a 
control value of 200 + 6/124 + 3 to 164 + 5/91 + 2 mm Hg 
(mean and standard error) after administration of minoxidil, and no 
patient experienced orthostatic hypotension. Tachyphylaxis has not 
been seen during a follow-up period averaging 26 weeks. Side ef- 
fects resulting from minoxidil have been limited to mild hypertri- 
chosis in 2 patients, nausea in another 2 and fluid retention, which 
was readily controlled by either hemodialysis or furosemide. Minoxi- 
dil appears, therefore, to provide a means for controlling blood pres- 
sure in patients with severe hypertension resistant to all other anti- 
hypertensive drugs. 


Minoxidil (6-amino- 1,2-dihydro- 1-hydroxy- 2-imino- 4-piperidino- 
pyrimidine) is a newly introduced vasodilator with potent antihyper- 
tensive properties.! Pharmacologically, it appears to act directly on 
the vascular wall; it has no effect on the central nervous system or 
adrenergic or histaminergic receptors in the experimental animal. 
Blockade of autonomic ganglia in dogs receiving minoxidil has sug- 
gested that the vasodilatation induced by the drug is partially com- 
pensated for by an increased sympathetic tone. 

Favorable results with the use of minoxidil in hypertensive pa- 
tients have been reported by Gilmore et al.? Effective control of 
blood pressure was accomplished without serious side effects. A re- 
cent report? from the same group indicates that minoxidil may be 
more effective than hydralazine in controlling severe hypertension. 
Because of the experimental and clinical evidence pointing to minox- 
idil as an effective antihypertensive drug, we administered it to a 
group of uremic patients whose blood pressure was uncontrollable 
with currently available drugs. 


Methods 


Minoxidil* was administered to 9 patients with severe hypertension and 
renal failure (Table I). All patients except 1 (Case 6) were undergoing 
chronic hemodialysis for end-stage kidney disease at the time of the study. 
All patients were male; 6 were black and 2 were white. Their ages ranged 


*Supplied as U-10,858 by William B. Martin, MD, Upjohn Company. 
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TABLE |! 
Clinical Data Before Administration of Minoxidil 





Case Age Hypertensive § Funduscopic 
no. (yr) Diagnosis Encephalopathy Group* 

1 48 CGN — II 

2 35 MHP + IV 
3 44 NSC — HI 
4 41 MHP 4 IV 
5 40 CGN — II 

6 34 MHP — IV 
7 46 NSC — II 
8 39 MHP -H IIl 
9 30 NSC + III 


* Keith-Wagener-Barker criteria before therapy with minoxidil. 


Cardiomegaly 


POL bk Ce) DEDO Heart Rate 
X-ray ECG 


(beats/min) 


Medications 

(mg/day) 

+ LVH M 2000 79 

G 20 

F 100 

M 2000 83 

G 40 

H 200 

M 2000 85 

G 300 

H 200 

R 0.5 

M 2000 84 

G 100 

H 200 

F 200 

LVH G 60 78 
H 100 

LVH-S G 60 84 
H 200 

LVH M 1500 82 

G 60 

H 75 

R 0.5 

M 2000 81 

G75 

H 200 

HY 100 

M 2000 82 

G 40 


+ LVH-S 


+ LVH-S 


+ LVH-S 


~ LVH 


i LVH 


CGN = chronic glomerulonephritis; F = furosemide; G = guanethidine; H = hydralazine; HY = hydrochlorothiazide; LVH-S = left 
ventricular hypertrophy with “strain” pattern; M = alpha methyldopa; MHP = malignant hypertension; NSC = chronic nephrosclerosis; 


R = reserpine. 


from 30 to 48 years (average 40 years). The disease process 
leading to renal failure was chronic glomerulonephritis in 2, 
accelerated or malignant hypertension in 4, and nephro- 
sclerosis in 3. Before treatment with minoxidil, the patients 
had been undergoing hemodialysis for periods of 6 to 15 
months (average 9.5 months) and all were candidates for 
kidney transplantation. 

The severity of hypertension in these patients was indi- 
cated by the supine blood pressure measurements of 200 
+ 6/124 + 3 mm Hg (average and standard error) despite 
treatment and by their funduscopic findings [7 had grade 
Ill or IV changes (Keith-Wagener-Barker classification) 
before treatment]. Previous episodes of heart failure had 
occurred in 6 patients, cardiomegaly and left ventricular 
hypertrophy only were present in all patients, with a 
“strain” pattern on electrocardiogram in 4, angina pecto- 
ris was present in 1 and prior acute hypertensive encepha- 
lopathy in 3 patients (Tables I and II). 

Almost all currently employed antihypertensive medi- 
cations in maximal tolerated doses and in different com- 
binations had been used in these patients before minoxidil 
was administered. Despite this intensive therapy, control 


of hypertension had been inadequate. Moreover, severe 
side effects (mainly postural hypotension) precluded ef- 
fective use of medications in 2 patients (Cases 5 and 8). 
Case 8 illustraties this problem. This patient’s supine 
blood pressure (while receiving alpha methyldopa, 2 g; 
guanethidine, 75 mg; hydralazine, 200 mg; and hydrochlo- 
rothiazide, 100 mg, daily) was 200/120 mm Hg; his blood 
pressure in the orthostatic position, however, was 80/60 
mm Hg, and he was severely symptomatic during normal 
daily activities which were necessarily restricted. In fact, 
he had sustained minor injuries on several occasions dur- 
ing episodes of orthostatic syncope. 

The nature of the study and of the experimental drug, 
including possible side effects, was explained to each pa- 
tient before initiation of therapy. Minoxidil therapy was 
started at a dose of 2.5 mg twice daily and, 1 week later, if 
the blood pressure response was not considered adequate, 
the dose was increased to 5 mg twice daily. Because of the 
severity of hypertension, no placebo control period preceded 
the trial with minoxidil. Initially, other antihypertensive 
medications were maintained at the same doses. However, 
when the blood pressure fell to near normal or normal levels, 
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TABLE Il 


Degree of Azotemia and Changes in Blood Pressure and Body Weight During Hemodialysis Before Administration of Minoxidil 





Supine Blood Pressure (mm Hg) Body Weight (kg) 


BUN/serum creatinine 





Case no. (mg/100 ml)* Before Dialysis After Dialysis Before Dialysis After Dialysis 
1 62/7.0 190/140 190/130 72.0 68.7 
2 57/6.6 203/114 198/110 69.0 67.5 
3 82/12.0 200/120 200/120 69.5 67.0 
4 102/11.0 200/140 198/130 60.1 57.0 
5 57/16.0 200/110 198/110+ 68.0 66.0 
6 120/15.0 200/120 200/110 69.7 66.5 
7 76/21.0 198/120 190/115 70.1 69.0 
8 42/5.7 200/120 190/120} 70.5 69.0 
9 60/8.3 195/130 190/110 68.0 63.5 
Mean + SE 73+ 21/122 4 200 + 6/124 + 3 194+ 5/117 + 3 68+ 4 66.3 
* Values are those obtained immediately before dialyses, which usually were scheduled once or twice weekly. 
+ Severe symptomatic orthostatic hypotension after dialysis. 
BUN = blood urea nitrogen; SE = standard error. 
TABLE Ill 
Responses After Administration of Minoxidil 
Supine Blood Pressure (mm Hg) Body Weight (kg) 


Medications BEL cS a E WS Mine BUN/creatinine Heart Rate 


Case no. (mg/day) Before Dialysis After Dialysis (mg/100 ml)* (beats/min) Before Dialysis After Dialysis 


1 G 20 160/95 158/90 72/6.9 82 73.0 69.5 
F 100 


MI 10 
2 M 2000 170/90 168/92 50/4.4 86 70.0 68.0 


3 F 60 160/90 150/90 80/13 90 68.5 67.5 


4 G 20 155/90 150/85 100/11.5 89 59.5 58.0 


5 G 20 140/80 140/78+ 50/14 77 69.0 66.5 
6 G 60 170/92 148/90 64/15.2 80 69.0 67.0 


7 G 40 160/90 160/85 108/20 83 70.5 69.0 


8 M 1000 165/95 160/90+ 56/7.6 86 70.5 68.5 
9 M 2000 160/90 160/90 50/6.9 83 69.0 67.5 


Mean 


$-SE 164+ 5/91+ 2 155 + 5/88 + 2 70+ 6/11+ 5 84+ 3 69+ 4 66 + 3 
MI = minoxidil; other abbreviations as in Table |. 
* Values are those obtained immediately before scheduled dialysis. 


t No symptomatic orthostatic hypotension after dialysis. 
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an attempt was made in all patients to decrease or omit the 
doses of the prior medications. A substantial reduction in 
doses of other antihypertensive drugs was then possible. 

The patients were seen twice weekly during the first 
month or until stabilization of the blood pressure at near 
normal levels; thereafter, they were seen at 2 to 3 week in- 
tervals. They were alerted to possible untoward symptoms 
associated with the use of minoxidil and were advised to 
report any new ill effects they might experience while re- 
ceiving the drug. Most of these patients had been in- 
structed to take blood pressure measurements at home at 
least twice daily and to keep a record of the readings. 
During each hospital visit a physical examination was 
made, and blood pressure and heart rate were recorded 
with the patient in the supine, sitting and standing posi- 
tions both before and after hemodialysis. Laboratory stud- 
ies included chest roentgenograms, electrocardiograms, 
complete blood count, blood urea nitrogen determinations 
(BUN), serum creatinine, electrolytes, alkaline phospha- 
tase, glutamic pyruvic transaminase (SGPT) and biliru- 
bin, and the Coomb’s test, both direct and indirect. 


Results 


Blood pressure and heart rate responses: Con- 
sistent reduction in blood pressure occurred in all 
patients after the institution of minoxidil therapy 
(Table III). Supine blood pressure fell from a control 
average value of 200 + 6/124 + 3 to 164 + 5/91 + 2 
mm Hg after treatment with minoxidil. In Patient 8, 
whose orthostatic hypotension had been particularly 





Supine -——— 


Erect *----x 


FIGURE 1. Case 8. Disappearance of severe 
post-dialysis orthostatic hypotension after 
reduction of dose or omission of adrenergic 
blocking drugs with substitution of minoxidil. 
Values for blood pressure and heart rate are 
those taken immediately after hemodialysis. 


severe, the blood pressure in the erect position stabi- 
lized at 135/90 mm Hg during minoxidil therapy, 
and he had no orthostatic faintness. The supine 
blood pressure was 165/95 mm Hg (Fig. 1). 

The effective doses of minoxidil ranged from 10 to 
20 mg daily (average 15 mg daily) given in equally 
divided twice daily doses. Readjustments in the ef- 
fective dose of minoxidil only were required in only 2 
patients (Cases 1 and 4) and were instituted, in both 
instances, after withdrawal of other antihypertensive 
medications. All patients reported improved condi- 
tion after minoxidil, and 3 (Cases 3, 5 and 8) were 
able to return to their employment for the first time 
in months. The patients have been receiving mainte- 
nance doses of minoxidil for 16 to 37 weeks (average 
26 weeks) without evidence of tachyphylaxis. Fluctu- 
ations in blood pressure during treatment with 
minoxidil were minimal (Table IV). 

As seen in Table III, heart rate increased only 
slightly during minoxidil treatment in the dialyzed 
patients (from a control average of 82 + 1/min to 84 
+ 3/min after minoxidil). Tachycardia has not been 
prominent in any of these patients. The response of 
blood pressure and heart rate to minoxidil treatment 
of a representative patient (Case 4) is shown in Fig- 
ure 2. 

Renal effects: Fluid retention, which has been re- 
ported after minoxidil administration,?:3 was not 
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troublesome in our patients, probably because of the 
frequency of dialysis. However, 1 patient (Case 5), 
whose need for dialysis decreased dramatically dur- 
ing minoxidil therapy, required furosemide to avoid 
peripheral edema and to maintain an effective anti- 
hypertensive response to minoxidil. The frequency of 
hemodialysis has decreased in 3 patients (Cases 1, 2 
and 5) since they began taking minoxidil. Patient 5 
has not required dialysis for the past 9 months; his 
blood urea nitrogen has stabilized at about 50 mg/ 
100 ml, and he is free of uremic symptoms. Patients 
l and 2 have required dialysis every 6 months com- 
pared to once weekly before institution of minoxidil. 
The initially high serum creatinine and blood urea 
nitrogen levels did not increase appreciably during 
treatment with minoxidil (Table III) despite no 
change or a decrease in the frequency and duration 
of dialysis. There were no significant changes in body 
weight during the period of treatment with minoxi- 
dil. 

Side effects: Treatment with minoxidil resulted in 
few side effects during the relatively short follow-up 
period. Two patients (Cases 3 and 8) had mild hy- 
pertrichosis of the face and arms while receiving 10 
and 20 mg daily of minoxidil, respectively. The de- 
gree of hypertrichosis was minor, and both patients 
refused to have the drug discontinued when offered 
this option. A further increase in the degree of hy- 
pertrichosis has not been seen in 9 weeks of further 
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TABLE IV 


Fluctuations in Blood Pressure During Treatment with 
Minoxidil 





Average Supine Blood Pressure (mm Hg) 








Case 0-6 7-12 13-19 20-26 27-33 34-37 
no. Weeks Weeks Weeks Weeks Weeks Weeks 
1 165/96 162/94 160/90 165/90 155/95 160/90 
2 172/95 170/98 168/90 170/90 170/90 170/90 
3 160/90 170/95 168/95 158/95 160/90 T 
4 160/90 155/92 155/90 150/90 wid 
5 140/80 140/75 130/70 140/70 140/70 
6 180/90 178/92 170/90 wou ee 
7 = 165/90 160/90 165/92 160/90 
8 160/90 170/92 158/90 168/95 
9 160/90 155/90 155/95 Tein 


follow-up studies despite an increase in the dose of 
minoxidil to 15 mg daily in Case 3. 

Slight nausea was reported by 2 patients (Cases 2 
and 3) when they ingested minoxidil on an empty 
stomach. Findings on gastrointestinal X-ray series 
and stool guaiac tests have been negative in both pa- 
tients. One patient (Case 7) had an episode of sub- 
sternal pain associated with nausea, tachycardia, in- 
crease in blood pressure and diaphoresis while 
undergoing hemodialysis. There were no electrocar- 


BLOOD PRESSURE -mm Hg 
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GUANE THIDINE 
(mg/day) 
FIGURE 2. Case 4. Graph indicates excel- 
lence of blood pressure reduction after 
minoxidil treatment in a patient whose blood 
pressure was uncontrolled by combinations 
of other antihypertensive agents. 
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diographic changes and no elevations of serum trans- 
aminase levels. This patient had a similar episode 
while undergoing hemodialysis before minoxidil ther- 
apy. No recurrence has been noted in a further 3 
months of follow-up study. 

Toxicity: None of the patients had symptoms or 
electrocardiographic evidence to suggest cardiac tox- 
icity. No abnormal changes from pretreatment levels 
were seen in serum electrolytes or fasting blood glu- 
cose, and there has been no evidence of liver or he- 
matologic toxicity. One patient (Case 1) had a posi- 
tive reaction to direct Coomb’s test. The response 
became negative after discontinuation of alpha 
methyldopa and has since remained negative despite 
continuation of minoxidil. 

Discussion 

Patients with severe renal insufficiency and hyper- 
tension often present difficult problems in manage- 
ment of their hypertension. Many of these patients 
are sensitive to reductions in volume of extracellular 
fluid and respond readily to antihypertensive medi- 
cations only when this volume is reduced after hem- 
odialysis or peritoneal dialysis.4 Patients with termi- 
nal renal disease and greatly reduced glomerular fil- 
tration rates are refractory to diuretic agents. Con- 
trol of their blood pressure may require doses of anti- 
hypertensive drugs that produce severe side effects. 
Even in patients undergoing hemodialysis, daily 
fluctuations in volume of extracellular fluid prevent 
smooth control of the hypertension. 

In our study removal of excessive volume of extra- 
cellular fluid by hemodialysis had been used to con- 
trol the blood pressure.° Before institution of minoxi- 
dil therapy, the procedure had led to excessive or- 
thostatic hypotension and faintness in some patients 
immediately after dialysis and excessive hyperten- 
sion several days later when the volume of extracel- 
lular fluid had been restored. Since minoxidil does 
not induce orthostatic hypotension, its antihyperten- 
sive effectiveness appears to be less dependent on 
volume than that of guanethidine and other sym- 
pathetic blocking drugs. 

Advantages of minoxidil: The advent of a highly 
effective vasodilator represents a major development 
in the pharmacologic approach to hypertension. 
Since the hypertension of renal failure is associated 
with increased peripheral resistance,® substances 
acting directly on the vascular wall appear to pro- 
vide the ideal approach to treatment. In addition, 
the side effects commonly associated with the use of 
ganglion-blocking or sympatholytic agents are not 
seen. Minoxidil is the newest of the vasodilators, 
being related most closely to hydralazine. However, 
hydralazine does not appear to be as effective as 
minoxidil and it is also associated with a number of 
undesirable side effects, including the “lupus syn- 
drome,” which prevent elevation of doses to an effec- 
tive range. Therefore, hydralazine is often ineffective 
in the setting of severe hypertension, with or without 
renal failure. Another recent study? also has revealed 
a greater effectiveness of minoxidil compared to hy- 
dralazine without added side effects. Until minoxi- 


dil, available therapy has been inadequate for treat- 
ment of uremic patients, many of whom required bi- 
lateral nephrectomy for control of their blood pres- 
sure. A particularly gratifying aspect of the con- 
trol of hypertension by minoxidil has been the total 
absence of orthostatic hypotension, which is a trou- 
blesome and occasionally prohibitive side effect in 
treating severe hypertension. Indeed, in 2 patients 
(Cases 5 and 8), this constituted the major indica- 
tion for use of minoxidil. Both patients are now free 
of symptoms, have excellent control of blood pres- 
sure and have returned to useful employment. 

Mechanism of effect: The exact mechanism of 
the vasodilator effect of minoxidil is not clear, but it 
seems probable that vasodilatation results from a di- 
rect effect on vascular smooth muscle. Hemodynam- 
ic studies in animals! and man? have shown an in- 
crease in cardiac output and heart rate after admin- 
istration of minoxidil. The increase in cardiac output 
is not due to a direct effect on cardiac contractility 
but, rather, appears to represent a reflex increase in 
heart rate, contractility and venous return mediated 
over the sympathetic nervous system. Total periph- 
eral resistance is consistently reduced after minoxidil 
therapy. 

In our patients, tachycardia was of minor degree 
and did not necessitate countermeasures. By con- 
trast, Gilmore et al.? were required to use propranol- 
ol to control the tachycardia seen in their patients 
treated with minoxidil. The difference in the heart 
rate response may be explained by the reduction in 
sympathetic and baroreflex activity in patients with 
renal failure’ and by the fact that most of our pa- 
tients were also taking sympathetic blocking agents 
during treatment with minoxidil. 

Side effects and toxicity: Side effects resulting 
from minoxidil were not prominent. Progressive sodi- 
um and water retention has been seen with chronic 
administration of the drug in both man?:3 and ex- 
perimental animals. Fluid retention is not unique to 
minoxidil but is seen with all agents other than di- 
uretic agents that reduce blood pressure. In our pa- 
tients, sodium retention was readily controlled by di- 
alysis or administration of furosemide. 

Although hemorrhagic lesions have been noted in 
the atria of dogs receiving relatively large doses of 
minoxidil, similar lesions have not been seen in other 
animal species with therapeutic doses of the drug. 
No electrocardiographic or clinical evidence of car- 
diotoxicity was seen in our patients. Mild hypertri- 
chosis was seen in 2 patients; a similar side effect has 
been described with other vasodilator drugs includ- 
ing diazoxide and hydralazine.® 

Although clinical experience with minoxidil is lim- 
ited and the follow-up periods have been relatively 
short, the results thus far suggest that it is effective 
in patients who have not responded to other potent 
antihypertensive medications. To date, minoxidil 
therapy has not produced serious side effects. Be- 
cause of these highly desirable properties, further 


and more extensive trials of the drug appear indicat- 
ed. 
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Alternative mechanisms were found to explain several different elec- 
trocardiographic examples of apparent supernormal atrioventricular 
(A-V) conduction in man using programmed premature atrial and 
ventricular stimulation and His bundle recordings. Sudden shortening 
of the P-R interval during A-V nodal Wenckebach phenomenon was 
due to manifest or concealed reentry within the A-V node. Gap phe- 
nomena in which late atrial premature depolarizations blocked while 
earlier atrial premature depolarizations conducted were shown to re- 
sult from delay of earlier atrial premature depolarizations in the A-V 
node (type | gap) or in the His—Purkinje system (type II gap). Mecha- 
nisms analogous to the latter were found in cases of apparent super- 
normality of intraventricular conduction: Late atrial premature depo- 
larizations resulted in aberration whereas earlier atrial premature 
depolarizations conducted normally because of delay within the A-V 
node or His-Purkinje system. Unexpected normalization of a bundle 
branch block pattern also resulted from Wenckebach phenomenon in 
the bundle branches. Atypical Wenckebach phenomenon with the 
first beat of the period demonstrated that aberration was due to phase 
4 depolarization. Preexcitation of the ventricle before the delivery of a 
previously blocked atrial premature depolarization allowed conduction 
through the area of block (A-V node) because of earlier depolariza- 
tion of the latter with earlier recovery. In the His-Purkinje system, 
2:1 A-V block was converted to 1:1 conduction when a premature 
ventricular depolarization shortened the refractoriness of the His- 
Purkinje system. 


Supernormal conduction is said to occur when impulse conduction is 
better than expected. The phenomenon is generally observed in the 
setting of conduction delay and block, and represents a temporary 
improvement in the prevailing abnormal state of conduction. Many 
clinical examples of ‘“‘apparent’’ supernormality have been de- 
scribed.1-27 Although this phenomenon had previously been consid- 
ered a fundamental property of conducting tissues, recent investiga- 
tors have proposed alternative explanations. 283° 

The present study utilizing recordings of the specialized conduct- 
ing tissues and programmed premature atrial stimulation in man 
provides further electrophysiologic explanations for clinical examples 
of apparent supernormal conduction, based on the conduction char- 
acteristics of the atrioventricular (A-V) nodal and His-Purkinje sys- 
tems. 


Methods 


Right heart catheterization was performed with patients in the post-ab- 
sorptive, nonsedated state after signed consent had been obtained. With use of 
a tripolar electrode catheter (U. S. Catheter and Instrument Corp.) intro- 
duced percutaneously into a femoral vein, His bundle recordings were ob- 
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FIGURE 1. A, A-V nodal Wenckebach cycle 
terminated by a reciprocal beat. The right Ct 600 
atrium is being paced at a cycle length (CL) 
of 600 msec. S denotes stimulus artifact. 
From top to bottom, standard electrocardio- 
graphic leads |, II, Ill, a high right atrial 
electrogram (HRA), 2 His bundle electro- 
grams (HBE), and time lines (T) generated 
at intervals of 10 and 100 msec. A = atrial 
electrogram; H = His bundle electrogram; V 
= ventricular electrogram. R-R intervals 
(msec) are indicated at top. The A-H inter- 
val increases from 110 to 145 msec. After 
the third conducted beat, the normal high- 
low sequence of atrial depolarization is re- 
versed, and the atrial electrogram recorded 
in the HBE precedes that recorded in the 
HRA. This atrial echo (Ae) is followed by a 
reciprocal ventricular response, associated 
with sudden shortening of the R-R cycle 
length. The fourth stimulus does not capture 
the atrium. B, ladder diagram of above se- 
quence. The segments of the conduction 
system are represented by the horizontal 
lines. A = atrium; N = A-V node; H = His 
bundle; V = ventricle. 


tained according to methods previously described.3! In 
addition, a quadripolar electrode catheter was introduced 
into an antecubital vein and positioned fluoroscopically 
against the lateral wall of the high right atrium. The dis- 
tal pair of electrodes was used for atrial stimulation; the 
proximal pair recorded a high right atrial electrogram 
(HRA). During all stimulation sequences, the surface 
electrocardiogram, electrograms and time lines generated 
at intervals of 10 and 100 msec were displayed on a multi- 
channel switched-beam Electronics for Medicine oscillo- 
scope and recorded via a universal Electronics for Medi- 
cine amplifier onto magnetic tape. Records were subse- 
quently reproduced at filter frequencies of 40 to 500 Hz at 
paper speeds of 150 mm/sec. Standard electrocardio- 
graphic leads I, II, Vi and Ve were simultaneously record- 
ed on a Sanborn 4560 recorder (Hewlett Packard Co.). 

The refractoriness of various components of the A-V 
conducting system was determined with use of the extra- 
stimulus method.*?:34 The bipolar atrial electrogram was 
electronically counted, utilizing a specially designed digi- 
tal stimulator, * allowing a premature atrial depolarization 
(Az) to be introduced at variable intervals after every 
eighth sinus depolarization (A,). The stimulus was a ca- 
thodal rectangular wave of 1.5 msec duration, delivered at 
2 to 3 times diastolic threshold. The prematurity of this 
stimulus was progressively decreased by 5 to 10 msec in- 
tervals until atrial refractoriness was encountered. The se- 
quence of premature atrial stimulation was repeated at 
rates faster than the sinus rate, with the basic drive fol- 
lowing the premature beat being omitted to observe the 
effect of the premature beat. The equipment was suitably 
grounded and isolated, and all patients tolerated the pro- 
cedure without complications. 


Results 


Supernormality Mimicked by Reentrant Phenomena 


A-V nodal Wenckebach cycle terminated by a 
reciprocal beat: The sudden and unexpected short- 


*Built by Murray Bloom, 407 South 42nd St., Philadelphia, Pa. 
19104. 
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ening of the P-R interval during an A-V nodal 
Wenckebach cycle has been previously reported as a 
type of supernormal A-V conduction. 9:14:22 


Figure 1 is an example of such a phenomenon. The 
standard leads show progressive prolongation of the P-R 
interval of the first 3 paced beats. The S-T segment of the 
third ventricular depolarization is deformed by the pres- 
ence of a P wave, and is followed closely by a ventricular 
response. The sudden shortening of the P-R interval ap- 
pears paradoxical with the shorter R-P relationship hav- 
ing the shorter P-R interval. Even more paradoxical is the 
fact that the fourth P wave is premature and still has the 
shorter P-R interval. It has been suggested that the fourth 
P wave falls in the supernormal period of the previous 
QRS complex and A-V conduction is enhanced. Dual A-V 
nodal conducting pathways have also been invoked to ex- 
plain this phenomenon.?% According to this latter postu- 
late, the first 3 atrial impulses encounter progressive con- 
duction delay along 1 pathway and the fourth atrial im- 
pulse is unexpectedly propagated within a second and less 
refractory pathway. 

Examination of the sequence of atrial activation in Fig- 
ure 1A provides an alternative and more attractive hy- 
pothesis for the unexpected shortening of the P-R inter- 
val. For the first 3 atrial impulses, there is a progressive 
increase in the A-H interval and a normal high to low se- 
quence of atrial activation. The fourth atrial impulse has 
a reversed sequence of atrial activation (low to high) and 
is associated with an inverted P wave in leads II and II, 
indicating an atrial echo (Ae) beat followed by a recipro- 
cal ventricular response. In this patient, reentry was noted 
whenever A-V nodal conduction time (A-H interval) ex- 
ceeded 140 msec. A-V nodal delay is a requisite condition 
for A-V nodal reentry.*5 Figure 1B is a ladder diagram 
representing the described events. The progressive short- 
ening of the R-R cycle during the A-V nodal Wenckebach 
sequence causes a shortening of the refractory period of 
the His-Purkinje system. This shortening of the refractory 
period permits the premature atrial echo beat to depolar- 
ize the ventricles. 

Concealed supernormal conduction mimicked by A-V 
nodal reentry: Figure 2A is a more subtle example of a 
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similar phenomenon. Two panels are shown, demonstrat- 
ing a 4:3 A-V Wenckebach type of conduction in the 
same patient at 2 different paced cycle lengths. In panel a 
of Figure 2A, the A-H interval increases from 130 msec to 
235 msec and is followed by block in the A-V node, a re- 
sponse typical of type I second degree heart block.#6:37 In 
panel b the cycle length is decreased to 665 msec. The 
A-H interval again increases from 135 msec to 360 msec. 
However, this time the nonconducted impulse blocks 
within the His-Purkinje system. Of note is the surprising- 
ly short A-H interval of 135 msec. This phenomenon was 
seen only when the A-H interval of the last conducted 
beat of a Wenckebach period exceeded a value of 320 
msec. At all other times, typical A-V nodal Wenckebach 
conduction was seen. The phenomena shown in panels a 
and b were repetitive at their respective cycle lengths. 

The paradoxically short A-H interval terminating a 4:3 
Wenckebach sequence in panel b might be called ‘“‘con- 
cealed”’ supernormal conduction in the A-V node, since 
the blocked impulse was conducted with a normal A-V 
nodal conduction time (135 msec) when one might have 
expected A-V nodal conduction delay or block. One possi- 
ble explanation is that during the long A-V nodal delay of 
the preceding cycle (360 msec), the upper and middle por- 
tions of the node had sufficient time to recover, with the 
lower portion of the node subsequently recovering before 
the next conducted beat. An apparent enhanced A-V 
nodal conduction time permits the fourth atrial impulse 
to enter the His-Purkinje system during its effective re- 
fractory period, and therefore no ventricular response oc- 
curs. Furthermore, unlike events in Figure 1, no shorten- 
ing of the preceding cycle length occurs, thus further en- 
hancing the possibility of block within the His-Purkinje 
system. A similar phenomenon was interpreted in this 
manner by Castillo et al.38 However, this hypothesis does 
not explain why the subsequent or last A-H interval does 
not prolong. 


364 


FIGURE 2. Concealed supernormal conduction mimicked by A-V 
nodal reentry. A, in panel a, atrial pacing at a cycle length of 715 
msec results in a typical 4:3 A-V nodal Wenckebach cycle. In 
panel b, decreasing the cycle length to 665 msec again results in a 
4:3 sequence, terminated by block below the bundle of His. B, 
ladder diagram of above panels. 


An alternative explanation is diagrammatically repre- 
sented in Figure 2B in which the upper and lower panels 
correspond to the upper and lower panels of Figure 2A. In 
the upper panel, the Wenckebach period terminates with 
A-V nodal block. In the lower panel, the requisite condi- 
tion for reentry*® is met during the long A-V nodal delay 
of the third paced atrial impulse. The spuriously short 
A-H interval of the fourth paced atrial impulse is thus 
due to concealed A-V nodal reentry of the third paced 
beat. An atrial echo is not seen in this instance because 
the atrium is captured by the pacing electrode just before 
the expected arrival of the reentrant wavefront. If the His- 
Purkinje system of this patient had been less refractory at 
the time of this antegrade reentrant impulse, the latter 
might have successfully propagated to the ventricle, and a 
phenomenon similar to that shown in Figures 1 and 2 
would have occurred. 


Facilitation of Conduction by Ectopic Beats 


Ectopic activity allowing resumption of 1:1 A-V 
conduction: Figure 3 is an example of an ectopic beat in- 
terrupting 2:1 A-V block, and thereafter allowing normal 
1:1 A-V conduction to resume. The atria are being paced 
at a constant cycle length of 440 msec. The surface elec- 
trocardiogram initially shows 2:1 A-V block. After a ven- 
tricular premature beat, the P wave that should have 
been the blocked beat of the 2:1 sequence now conducts 
with a normal P-R interval, and 1:1 A-V conduction re- 
sumes. Since this P wave falls just after the T wave of the 
extrasystole, one could postulate that a period of super- 
normal conductivity following the ectopic beat was re- 
sponsible for the noted improvement in conduction. Alter- 
natively, a Wedensky effect could be postulated.39.4° 
Thus, the blocked impulse can be considered a subthres- 
hold stimulus that does not elicit a propagated response. 
The ectopic impulse is a strong stimulus that propagates 
through the area of block. A Wedensky phenomenon fol- 
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FIGURE 3. Ectopic activity allow- 
ing resumption of 1:1 A-V con- 


duction. VPC = ventricular prema- 
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lows the ventricular premature contraction, and the sub- 
threshold impulse now conducts to the ventricle. 

The His bundle recordings shown in Figure 3 demon- 
strate that all conducted beats are associated with an 
A-H interval of 105 msec and an H-V interval of 50 msec. 
All nonconducted atrial impulses block within the His- 
Purkinje system. The ventricular premature contraction is 
conducted in retrograde fashion through the area of block 
and in this fashion depolarizes the bundle of His. Note 
that the fifth atrial depolarization is not followed by a His 
deflection. Premature depolarization of the His-Purkinje 
system by the ventricular premature contraction results in 
an effective decrease in the cycle length of the former, re- 
sulting in a decrease in refractoriness, thus allowing the 
next atrial impulse to propagate through the area of 
block. The second conducted beat after the ectopic im- 
pulse undergoes some aberration of conduction because of 
the long-short cycle length sequence. 

Preexcitation of the A-V node allowing conduction of 
a previously blocked premature atrial beat: Another 
mechanism by which an ectopic ventricular beat results in 
conduction of a previously blocked atrial beat is shown in 
Figure 4, A and B. In this figure, the basic atrial cycle 
length is 600 msec, and a premature beat (A2) is evoked 
at an A,;—Azg coupling interval of 330 msec. In Fi igure 4A, 
A2 blocks within the A-V node. In Figure 4B, A2 is con- 
ducted with a long A-H interval when the ventricle is 
preexcited (V,) 20 msec before the last Aj. 


Again, a supernormal phase of conductivity could 
be postulated to follow the preexcited beat. Moe et 
al.28 emphasized that ectopic beats result in earlier 
depolarization and subsequent earlier recovery of the 
site of block, and they introduced the term “peeling 
back”’ to describe this mechanism of facilitated con- 
duction. Moore and Spear?’ suggested that the abso- 
lute refractory period (in both A-V nodal and His- 
Purkinje system tissue) may be shortened after pre- 
mature ectopic beat because of the effectively shorter 
preceding cycle length, which allows a subsequent 
beat that might otherwise have blocked to conduct. 

In our example, the intracardiac electrograms 
shown in Figure 4A demonstrate that As blocks 
within the A-V node. In Figure 4B, the ventricular 
premature contraction invades the A-V node in ret- 
rograde manner and prematurely depolarizes a por- 
tion of the latter, allowing earlier recovery. In con- 
trast to conditions shown in Figure 3, however, the 
A-H interval of the conducted beat after the ventric- 
ular premature contraction is greatly prolonged rela- 
tive to the control beat. Omission of Az in Figure 4B 
resulted in retrograde atrial conduction. 





FIGURE 4. Preexcitation of the A-V node allowing conduction 
of a previously blocked premature atrial response. A = stimu- 
lus for last A;; RB = right bundle; V = stimulus of induced 
premature ventricular response. See text for discussion. 


Recovery of excitability of the A-V node is related 
to its total depolarization time. If the total time it 
takes to depolarize the A-V node is shortened, then 
it follows that recovery of excitability will also be 
shortened. In Figure 4B, a portion of the A-V node is 
depolarized in antegrade manner by the last A; and 
a portion is depolarized in retrograde manner by the 
induced ventricular premature contraction. Dual ac- 
tivation of the A-V node results in earlier total repo- 
larization. Consequently, Az arrives during the rela- 
tive refractory period of the A-V node and is there- 
fore propagated to the ventricles. 


Gap Phenomena in A-V Conduction 


Type 1 gap: A well recognized example of appar- 
ent supernormality is found in the phenomenon of 
the “gap” in A-V conduction.%°:41.42 In this phe- 
nomenon, relatively late atrial premature impulses 
are blocked whereas earlier impulses conduct. It has 
been proposed that these earlier propagated impulses 
fall in a supernormal period, or that dual A-V path- 
ways are present. With the use of His bundle record- 
ings, other mechanisms have been documented. 
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FIGURE 5. Type | gap phenomenon in A-V conduction. In A to 
D, the basic cycle is 900 msec, and atrial premature depolar- 
izations are introduced progressively earlier in the atrial cycle. 
See text for discussion. 


In Figure 5B, the first blocked Ag» arrives within the 
His-Purkinje system at an Hı-Hə interval of 470 msec and 
finds this system refractory (Hı-Hə = 470 msec). Short- 
ening the coupling interval (panel C) results-in greater 
A-V nodal delay of As, but the Hı-Hə interval of 460 
msec is still less than the effective refractory period of the 
His-Purkinje system, and block within the latter results. 
In panel D, at a shorter coupling interval, Ag is sufficient- 
ly delayed in the A-V node so that it arrives within the 
His-Purkinje system when the latter has recovered (H,- 
Hə = 490 msec). This type of gap we have arbitrarily 
termed ‘“‘type I gap.” 

Type II gap: More recently, we have observed 7 
cases of a “‘gap in A-V conduction” that was not due 
to A-V nodal delay. This type of gap, which we have 
termed “‘type II gap,” results from delay of A> within 
the His-Purkinje system. 43-44 


In Figure 6B, Ag blocks within the His-Purkinje system 
at an Hı-Hə interval of 520 msec. In panel C, an earlier 
A2 propagates to the ventricle despite the shorter Hı-Hə 


interval of 475 msec, associated with a long Hə-V2 inter- 
val and a left bundle branch block pattern. In panel D, an 
even earlier Ao blocks within the His-Purkinje system at 
an Hı-Hə interval of 450 msec. The same gap was dupli- 
cated on-repeated testing by scanning the atrial cycle at 5 
msec intervals. In contrast to the type I gap (Fig. 5), re- 
sumption of conduction was not due to A-V nodal delay of 
A», since the Hi-Hə interval at which conduction resumed 
(Hı-Hə = 475 msec in Figure 6C) was shorter than the 
Hı-Hə interval at which block occurred (Hı-Hə = 520 
msec in pane! B). It is proposed that in panel B, A2 blocks 
in a relatively distal area of the His-Purkinje system. In 
panel C, As encounters proximal delay within the His-. 
Purkinje system because of its greater prematurity (short- 
er Hı-Hə interval), thus allowing recovery of the more 
distal area of refractoriness. Hence, conduction resumes 
with a long H2—-V2 interval. In panel D, an even more pre- 
mature impulse presumably blocks in this more proximal 
area of the His-Purkinje system. A similar gap in A-V 
conduction has been observed in vitro by Myerburg et 
al. 49 


Supernormality of Intraventricular Conduction 


A supernormal phase of conduction within the 
His-Purkinje system has been postulated to explain 
normalization of intraventricular conduction.1°:17. 
22,23,25-27 Three examples of normalization of intra- 
ventricular conduction, for which alternative mecha- 
nisms are offered, are presented in Figures 7 to 11. In 
Figures 7 and 8, normalization occurs according to 
the mechanisms that apply in Figures 5 and 6. 


A-V nodal delay of a premature atrial beat, permit- 
ting normalization of aberrant intraventricular con- 
duction: In Figure 7, the atria are being paced at a cycle 
length of 680 msec. In panel A, A> conducts with right 
bundle branch block aberration; in panel B, a more pre- 
mature Ao results in normal ventricular activation. The 
premature ventricular beat occurs at the same R-R inter- 
val in both panels. The concept of supernormal conduc- 
tion holds that in panel A, Ag falls in the relative refracto- 
ry period of the right bundle branch, whereas in panel B, 
Ao falls in a supernormal period of conductivity of the 
right bundle. Reference to the His bundle recordings 
shows that in panel A, Ag falls in the relative refractory 
period of the His-Purkinje system and conducts with an 
Hə-Və interval of 95 msec at an Hı-Hə interval of 405 
msec. In panel B, A2 encounters greater A-V nodal delay 
and thus propagates to the ventricle at an H,;—Hg interval 
of 450 msec. The latter is outside the refractory period of 
the bundle branch-Purkinje system of this patient, and 
therefore results in normal ventricular depolarization with 
a normal H»2-V2 interval of 45 msec. This mechanism is 
also operative in the type I gap phenomenon previously 
described (Fig. 5). 

His-Purkinje delay resulting in normalization of ab- 
errant conduction: In Figure 8, sinus rhythm is present 
at a relatively constant cycle length of 1,190 msec. In panel 
A, Ae conducts with a combined right bundle branch and 
left anterior hemiblock pattern with an axis of —60°. In 
panel B, A2 is more premature and conducts less aber- 
rantly (axis now —30°). In panel C, an earlier Ag results in 
nearly normal ventricular activation. Electrocardiographi- 
cally, this could be interpreted as evidence of supernor- 
mality in the bundle branches, resulting in more normal 
conduction of earlier premature beats. A-V nodal delay of 
the earlier premature atrial impulses might also be postu- 
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FIGURE 6. Type || gap phenome- 
non in A-V conduction due to dif- 
ferential refractoriness in the His- 
Purkinje system. Coronary sinus 
pacing is associated with inverted 


SUPERNORMAL A-V CONDUCTION—GALLAGHER ET AL. 


A CL 1150 msec 


munanman sereleamprpeneics on se Qoeemacae on enema 
i i, A A H, 520 
\ i. eae \ Ho Hy 2 
Le yi cee ee ite: N | Wmas \ ypa aS 
| \ i 
: 1a | 














P waves in leads || and Ill, with HBA i 415 th RPA! aE 
reversal of the normal sequence of V of v S 

atrial depolarization. Left anterior AY wit i Ai UET Ad H.H- 450 
fascicular block is present with a HBE \ ih \ | lh Hs 12 

QRS duration of 0.12 second. The lah Ima, AN OEE SSE 
A-H interval is 100 msec and the i Ti | i 

H-V interval is 45 msec. See text T Lae ! | 

for discussion. APNR. A MEES. i 

lated. On the basis of the intracardiac recordings, the lat- portion of the His-Purkinje system may allow recovery of 
ter can be excluded. The recordings show that as Ag be- the more distal area or areas of refractoriness. This would 
comes more premature, the A2-Hə2 interval does not sig- be a situation comparable to the mechanism alluded to in 
nificantly change, resulting in progressive shortening of the type II gap. These findings are in agreement with the 
the Hı-Hə intervals. As the Hı-Hə interval shortens from mechanism postulated by Wellens. ?® 

510 msec to 480 msec, the Hə-Və2 interval increases from Wenckebach phenomenon in the right bundle branch, 
70 msec to 145 msec, in association with “normalization” allowing ‘‘normalization’’ of aberrant conduction: Fig- 
of the aberrant pattern. One possible mechanism is that ure 9A shows a tracing of supraventricular tachycardia 
delay of the premature impulse within a more proximal with right bundle branch block aberration, resulting from 
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FIGURE 7. A-V nodal delay of a premature atrial beat, permit- 
ting normalization of aberrant conduction. The basic cycle 
length is 680 msec. The A-H interval is 85 msec and the H-V 
interval 50 msec. A, a premature atrial impulse (A2) introduced 
385 msec after A; is conducted with a pattern of right bundle 
branch block. The Hı-H2 interval is 405 msec. B, the A;-A> 
coupling interval is shortened to 365 msec. Az is further delayed 
in the A-V node, resulting in normal ventricular depolarization. 
The H;—Ho interval is 450 msec. See text for discussion. 


A-V nodal reentry. The cycle length is constant at 385 
msec. The fourth and eighth beats (asterisk) are conduct- 
ed more normally (that is, without right bundle branch 
block aberration). One can satisfactorily explain the re- 
petitive “normalization” of the QRS complex on the basis 
of a 4:3 Wenckebach type of conduction occurring within 
the right bundle branch. This is schematically presented 
in Figure 9B. During the tachycardia, conduction within 
the left bundle branch proceeds normally. This accounts 
for the normal and constant H-V interval of 45 msec. 
Conduction within the right bundle branch is progressive- 
ly impaired because of some area of refractoriness. For the 
first 2 beats showing a right bundle branch block pattern, 
this area of refractoriness is penetrated by the antegrade 
impulse. During the third beat of each Wenckebach peri- 
od, the impulse does not enter the right bundle branch (or 
fails to enter the area of refractoriness). When this occurs, 
the cycle length of the right bundle branch is prolonged, 
and this lengthening of the cycle length has 2 effects. It 
increases the recovery time of the right bundle branch, 
now represented by 2 R-R cycles, so that the next supra- 
ventricular impulse propagates normally within the right 
bundle branch. In addition, the long cycle length for the 
right bundle branch establishes the necessary condition 
for the beat following the normalized beat to once again 
conduct aberrantly with right bundle branch block. The 
same mechanisms may also explain normalization of some 
early beats in patients with atrial fibrillation and coexist- 
ing patterns of bundle branch block.25 





Alternative explanations to explain the findings of Fig- 
ure 9 are less attractive than the one which is proposed. 
The constancy of the R-R cycle and the R-P relation 
makes supernormal conduction unlikely. The constant 
H-V interval of 45 msec excludes the possibility that in- 
termittent normalization results from a synchronous delay 
occurring in the left bundle branch. A constant H-V in- 
terval also excludes the possibility that repetitive normal- 
ization results from fusion of a supraventricular impulse 
with an ectopic impulse arising in the right ventricle. The 
proposed mechanism of bundle branch Wenckebach con- 
duction is in agreement with the observations of Friedberg 
and Schamroth. 46 

Bradycardia-dependent left bundle branch block 
mimicking repetitive supernormal conduction: Figures 
10 and 11 represent atypical forms of the A-V nodal 
Wenckebach phenomenon in which repetitive supernor- 
mal A-V conduction has been proposed. 

In Figure 10A, the atrial cycle length is constant at 700 
msec. A 4:3 Wenckebach phenomenon is present in 
which the first beat of each Wenckebach period conducts 
with a left bundle branch block configuration, whereas 
subsequent beats conduct normally. Scherf and Scharf15 
have previously reported such a case and reinterpreted 
another*’? as demonstrating supernormal conduction in 
the left bundle branch. It was postulated that each subse- 
quent beat conducts in the supernormal phase of its pre- 
decessor, until the sequence was interrupted by a dropped 
beat. Friedberg*® reported a similar case and explained it 
on the basis of Wedensky facilitation and effect. Another 
explanation has been that normalization may result from 
a synchronous delay occurring in both bundle branches. ‘49 
The latter would appear unlikely since it would require an 
exacting amount of delay to occur in a repetitive fashion. 
Schamroth49 has also suggested a bradycardia-dependent 
bundle branch block on the basis of phase 4 depolariza- 
tion in a bundle branch. 

Further examination of Figure 10A shows that the QRS 
complex of left bundle branch block configuration follows 
a long R-R interval of 1,280 msec, whereas normal QRS 
complexes follow the shorter R-R intervals of 840 and 720 
msec. Panel B demonstrates that when atrial pacing was 
instituted at a slower rate (cycle length = 860 msec), 1:1 
A-V conduction with normal QRS configuration was 
noted. However, during pacing at a faster rate (cycle 
length = 600 msec) (Fig. 10C), 2:1 A-V block occurred, 
with all beats conducting as left bundle branch block in 
association with long R-R intervals of 1,200 msec. These 
observations suggest a bradycardia-dependent left bundle 
branch block due to diastolic depolarization (phase 4 de- 
polarization) in the left bundle branch during the longer 
R-R intervals. 


On the basis of the electrocardiographic pattern, 
synchronous delay in the right bundle branch, re- 
sulting in “normalized” beats, cannot be excluded. 
Thus, one might postulate bilateral synchronous: 
delay at a cycle length of 860 msec. At a shorter 
cycle length of 700 msec, Wenckebach periodicity in 
the His-Purkinje system develops, with concealment 
of the blocked impulse into the left bundle branch. 
Finally, at a cycle length of 600 msec, every other 
impulse blocks within the His-Purkinje system, con- 
cealing in the left bundle branch, preventing recov- 
ery. This mechanism was previously postulated by 
Vesell and Lowen in a similar case. 5° 
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FIGURE 10. Bradycardia-dependent left bundle branch block mimicking repetitive supernormal conduction in the left bundle branch. 
Standard electrocardiographic records of leads |, II, V; and Vg are shown. Basic paced cycle lengths are: 700 msec (A); 860 msec 


(B); and 600 msec (C). See text for discussion. 





Occasionally, the P-R interval of the left bundle 
branch block beat initiating the Wenckebach period 
in Figure 10A was noted to shorten. This raises 2 ad- 
ditional considerations: (1) the left bundle branch 
block beat with aberration is due to phase 4 depolar- 
ization, and (2) the left bundle branch block beat is 
in fact a ventricular escape beat, arising in the right- 
sided His-Purkinje system. 

Figure 11 is a recording from the same patient. The 
pacing cycle length is 700 msec (as in Fig. 10A). The 
A-H interval increases from 110 to 230 msec during the 
first 3 paced beats, followed by block of the fourth atrial 
impulse proximal to the His bundle. The H-V interval of 
all conducted beats is constant at 47 msec. After the long 
R-R interval, conduction resumes with a beat of left bun- 
dle branch block configuration. The A-H interval of this 
beat is again 110 msec, and the H-V interval is 47 msec. 
The constant H-V interval in both normal and aberrant 
beats excludes both synchronous bundle branch delay in 
the His-Purkinje system and makes ventricular ectopy an 
unlikely mechanism in this case. 

The most likely explanation for this case is that 
phase 4 depolarization is occurring in the left bundle 


FIGURE 11. His bundle recording 
of Figure 10A. See text for discus- 
sion. 


branch, resulting in conduction delay and aberration 
after diastolic pauses. On occasion, when the P-R 
interval of the left bundle branch block beat short- 
ened, this was due to an escape beat arising in the 
bundle of His. The A-H interval of such beats was 
spuriously abbreviated, whereas the H-V interval 
was constant at 47 msec. The bundle of His is known 
to possess greater automaticity (more rapid slope of 
phase 4) than the bundle branches. If His escape 
beats did not arise in such a situation, phase 4 depo- 
larization in the left bundle branch might have 
reached threshold and beats of right bundle branch 
block configuration might have been observed. 

We have observed another similar case of atypical 
Wenckebach phenomenon in which the P-R interval 
of the aberrant beat initiating the Wenckebach phe- 
nomenon was noted to vary constantly. In this case, 
the aberrant complex was not preceded by a His de- 
flection. The mechanism of ventricular ectopy could 
not be differentiated from that of junctional escape 
beats with aberration due to phase 4 depolarization 
without resorting to intracardiac recordings. 
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Mediastinal fibrosis led to complete obstruction of the left main pul- 
monary artery and partial stenosis of the pulmonary artery to the 
right lower lobe in a 48 year old man. The lesion resulted in a high 
pressure pulmonary vascular system with an area of prolonged run- 
off through a low pressure vascular bed. Physical findings included a 
systolic murmur that radiated to the right hemithorax and a widely 
split second heart sound. The wide splitting was attributed to delay in 
deceleration of the column of blood due to partial stenosis of the 
pulmonary artery to the right lower lobe. 


Under unusual circumstances chronic mediastinal fibrosis may lead 
to pulmonary hypertension by either of 2 mechanisms: There may be 
obstruction of the pulmonary veins leading to pulmonary venous hy- 
pertension or there may be encroachment upon and obstruction of 
the pulmonary arteries leading to pulmonary arterial hypertension. 
In the patient described here, fibrosis of the mediastinum caused 
complete obstruction of the left pulmonary artery and partial ob- 
struction of the pulmonary artery to the right lower lobe, thus creat- 
ing 3 separate vascular compartments in the pulmonary arterial sys- 
tem. 

The nature of the second heart sound in patients with pulmonary 
hypertension is variable, and additional information is needed corre- 
lating hemodynamic events during right ventricular ejection with 
production of the pulmonic closure sound. Right ventricular failure, 
coarctation of the pulmonary artery and pulmonary hypertension 
were associated with wide splitting of the second heart sound in our 
patient. The unusual association of extensive fibrotic mediastinitis 
with compression of the large pulmonary arteries leading to pulmo- 
nary hypertension and a widely split second heart sound prompted 
this report. 


Case Report 


A cough productive of yellow sputum led to the first hospital admission 
for the patient, a 48 year old lock and dam operator. Two years before ad- 
mission he noted the onset of fatigue and dyspnea which progressed to the 
point where he could no longer perform his work. One week before admis- 
sion he became ill with malaise, cough and increasing dyspnea. 

There was no history of a cardiac murmur, rheumatic fever, hemoptysis 
or chest pain. He had smoked 2 packs of cigarettes a day for 25 years and 
had worked part-time in a pottery factory. He had had a positive response 
to a tuberculin skin test given in high school but had never had antituber- 
culous therapy. 

On examination, the blood pressure was 146/90 mm Hg, the heart rate 
was regular at 90 beats/min and the temperature was normal. The neck 
veins were not distended, but there were prominent jugular venous A waves 
which increased during inspiration. The lungs were clear to percussion and 
breath sounds were normal. Cardiac examination revealed a right ventricu- 
lar impulse, a normal first heart sound and a widely split second sound that 
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FIGURE 1. The electrocardiogram (right) and Frank orthogonal 
lead vectorcardiogram (left) demonstrate right ventricular hy- 
pertrophy. Calibration is shown for the vectorcardiogram; for the 
electrocardiogram, 1 mv = 10 mm. 


narrowed during expiration. The pulmonic component 
(P2) of the second sound was softer than the aortic com- 
ponent (A2). A fourth sound gallop increased in intensity 
during inspiration. A grade 3/6 systolic murmur began 
after the first sound, continued through Ps, radiated to the 
right hemithorax and increased in intensity during inspi- 
ration. An early systolic ejection click was heard at the left 
sternal border. These findings were documented by a su- 
pine external phonocardiogram, which also revealed that 
A2 preceded P2 by 0.09 second on inspiration and 0.06 sec- 
ond on expiration. 

Laboratory findings were as follows: the hemoglobin was 
14 g/100 ml; the white blood cell count was 10,400 /mm3 
with a differential count of 60 percent neutrophils, 31 per- 
cent lymphocytes, 8 percent monocytes and 1 percent ba- 
sophils. Erythrocyte sedimentation rate was 68 mm in 1 
hour. An intermediate strength tuberculin purified pro- 
tein derivative (PPD) skin test gave no reaction at 24 and 
48 hours; a second strength test produced 28 mm indura- 
tion at 24 hours and 22 mm induration at 48 hours. Re- 
sults of serologic tests for histoplasma, Aspergillus and 
Coccidioides were negative. Multiple smears and cultures 
of the sputum and bronchial lavage specimens for aerobic 
and anaerobic organisms, acid-fast bacilli and fungi were 
negative. 

An electrocardiogram and vectorcardiogram suggested 
right ventricular hypertrophy (Fig. 1). Results of respira- 
tory function studies indicated only mild obstructive pul- 
monary disease (Table I). 

A posteroanterior chest roentgenogram revealed an old 
fibronodular infiltrate in the right mid-lung field, hyper- 
lucency of the left lung, a small left hilus and a cavitary 
lesion in the left lower pulmonary lobe (Fig. 2A). The left 
hilus was definitely smaller than that shown on a film 
taken 5 years earlier in a mobile X-ray unit (Fig. 2B). To- 
mograms of the left lower lung revealed a thin-walled cav- 
ity, located posteriorly and surrounded by an infiltrate. 
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Bronchoscopic study revealed normal bronchi to the seg- 
mented level. A bronchogram demonstrated that the cavi- 
ty communicated with a bronchus. A 133xenon lung scan 
revealed normal ventilation bilaterally but nearly absent 
perfusion in the left lung. 

Right and left cardiac catheterization was performed at 
rest and during mild supine exercise (Table II). Cardiac 
output was calculated as the quotient of oxygen consump- 
tion and arteriovenous oxygen difference. Statham SF-1 
catheter-tip transducers were used for simultaneously re- 
cording pressures in the main pulmonary artery and right 
ventricle in conjunction with an external phonocardio- 
gram (Fig. 3). The central aortic pressure tracing was ob- 
tained through a fluid-filled, Teflon“ end-hole catheter 
(length, 75 cm; inner diameter 0.8 mm) and a P23Db Sta- 
tham strain gauge transducer. This fluid-filled system 


TABLE | 


Pulmonary Function Data 


Forced expiratory vital capacity (total) (liters) 3.64 
Forced expiratory volume (1 second) (liters) 2.35 
Maximal mid-expiratory flow rate (liters/sec) 1.65 
Maximal breathing capacity (liters/min) 114 
PO, (mm Hg) 79 
PCO, (mm Hg) 30 
pH 7.45 





lg 


FIGURE 2. Posteroanterior chest roentgenograms. A, taken dur- 
ing the current admission, demonstrates hyperlucency of the left 
lung and a small left hilus shadow. B, taken in a mobile chest 
X-ray unit in 1966, 5 years before admission, is normal. 


March 1973 The American Journal of CARDIOLOGY Volume 31 373 


PULMONARY ARTERIAL STENOSIS—COSIO ET AL. 


ECGI 


RMCL PCG 
120-500 HZ 


CENTRAL 
AORTA 


LSB PCG 
40-200 HZ 


TABLE Il 


Cardiac Catheterization Data 


Pressures (mm Hg) Rest Exercise 
Right lower pulmonary arterial wedge (8) 
Main pulmonary arterial 74/12 (33) 128/21 (65) 
Distal right pulmonary arterial 16/7 (13) 32/12 (20) 
Right ventricular end-diastolic 4 14 
Right atrial (2) (6) 
Left ventricular end-diastolic 8 10 
Aortic 138/73 (100) 154/84 (110) 
Cardiac index (liters/min per m?) 2.0 2.8 
Heart rate (beats/min) 83 135 
Pulmonary arterial O saturation (%) 61 <20 
Aortic O, saturation (%) 96 98 
Oxygen consumption (cc/min) 223 650 


Figures in parentheses indicate mean pressures. 


a. 
f 






FIGURE 4. Pulmonary arteriogram in the anteroposterior pro- 


jection demonstrates complete obstruction of the left pulmonary 
artery, partial obstruction of the right lower lobe pulmonary ar- 
tery and a decrease in peripheral vasculature to the right upper 
lobe. 
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typically used has a maximal frequency response of 15 to 
25 cycles/sec +5 percent. A gradient was measured be- 
tween the main pulmonary artery and the distal right 
lower lobe pulmonary artery. The diastolic pressure in the 
main pulmonary artery was low with a very wide pulse 
pressure. Significant left to right intracardiac shunts were 
excluded by a normal oximetry series, central indicator- 
dilution curve, an aortogram and left ventriculogram. The 
aortogram disclosed no significant bronchial collateral cir- 
culation to either lung. Data indicated decreased right 
ventricular compliance, severe pulmonary hypertension 
and abnormal exercise response. 

The pulmonary arteriogram (Fig. 4) revealed complete 
occlusion of the left pulmonary artery at its bifurcation 
from the pulmonary trunk and a circumferential stenosis 
in the right lower lobe pulmonary artery. Small vessels in 
the right upper lobe pulmonary artery tapered rapidly, 
suggesting persistent pulmonary hypertension. Small ves- 
sels in the artery to the right lower lobe beyond the ob- 
struction appeared to be normal. Pulmonary venous filling 
from the upper lobe appeared to be delayed in comparison 
with that from the lower lobe. There was no evidence for 
pulmonic regurgitation. 

Indicator-dilution curves were performed with central 
injection and sampling of indocyanine green dye (Cardio- 
Green“) (Fig. 5). With sampling in the ascending aorta, 
injection in the distal right lower lobe pulmonary artery 
produced a normal curve with a recirculation peak; injec- 
tion in the right upper lobe pulmonary artery produced a 
curve with a secondary peak following the primary peak; 
and injection in the main pulmonary artery produced a 
curve intermediate in appearance. When dye was injected 
into the right upper lobe pulmonary artery, immediate 
appearance was detected by sampling in the artery to the 
right lower lobe; when injection was made into the latter, 
no appearance was detected by sampling in the right upper 
lobe pulmonary artery until the recirculation period. 





FIGURE 3. Phonocardiograms at 
the right mid-clavicular line (RMCL) 
and at the left sternal border (LSB) 
demonstrate a systolic murmur 
proceeding through a widely split 
second heart sound. Time lines = 
0.04 second. 








Surgical Findings 


Because the hemodynamic findings could not be ac- 
counted for on the basis of the pulmonary function data, 
the patient underwent operation in an attempt to relieve 
the obstructions to pulmonary blood flow. At thoracotomy 
a densely fibrotic mediastinum was encountered. Diffuse 
fibrous adhesions obliterated the pericardial sac and ad- 
hered to the superior vena cava, pulmonary artery and 
aorta. The left pulmonary artery was compressed and en- 
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cased in dense fibrous tissue at its point of exit from the 
pericardial sac. The narrowed lumen was further occluded 
and completely obliterated by a fragment of fibrous tis- 
sue. When this obliterating tissue was removed from the 
lumen of the left main pulmonary artery, a probe could 
be passed into it distally. However, there was no retro- 
grade flow of blood to the main pulmonary artery. 

The artery to the right lower lobe was also surrounded 
and compressed by fibrous tissue. After this artery was 
dissected free of its fibrous encasement, an 11 mm dilator 
could be passed through the artery distally. No thrombus, 
either recent or organized, was found in the main pulmo- 
nary artery or any of its branches. 

Microscopic examination of the parietal pericardium re- 
vealed replacement with fibrous tissue. The wall of the 
left pulmonary artery was also partially replaced by colla- 
gen tissue. The fragment of tissue obstructing the lumen 
of the left pulmonary artery was composed of fibrous tis- 
sue with a few scattered round cell infiltrates. Mediastinal 
lymph nodes showed sinusoidal hyperplasia with anthra- 
cosis, and a few silica crystals were identified by polariz- 
ing microscopic study. There was no granuloma in the 
mediastinal lymph nodes. Special stains of lymph nodes 
and the scattered round cell infiltrates for acid-fast bacilli 
and fungi failed to reveal pathogens. Thrombus was ab- 
sent from all histologic specimens. Six months postopera- 
tively there was little change in symptoms or physical 
findings. A xenon ventilation perfusion lung scan revealed 
a small amount of blood flow to the left upper lobe. A 
pulmonary arteriogram revealed increased patency of pul- 
monary artery to the right lower lobe and filling of a small 
arterial branch of the left upper lobe pulmonary artery. 


Discussion 


Etiology: No cause for the fibrotic mediastinitis 
was demonstrated in this patient. This is not sur- 
prising since in reported series the origin has been 
proved in only about 4 percent of cases of this lesion. 
There is a spectrum between granulomatous and fi- 
brotic mediastinitis and when granulomas predomi- 
nate over the fibrotic process a cause has been dem- 
onstrated in about 32 percent of cases.1 When an ori- 
gin is found, histoplasmosis is by far the most com- 
mon cause of reported cases of fibrosing mediastini- 
tis, 1-3 followed in frequency by tuberculosis, silicosis 
and aspergillosis. Methylsergide has been implicat- 
ed as a cause of retroperitoneal fibrosis, but its rela- 
tion to mediastinal fibrosis is not established.®° The 
presence of silica particles in the mediastinal lymph 
nodes does not adequately explain the fibrotic pro- 
cess since there was no inflammatory reaction to the 
silica. The positive reaction to the tuberculin skin 
test and the cavity demonstrated in the left lower 
pulmonary lobe would tend to incriminate tubercu- 
losis as a cause of the mediastinal fibrosis, but re- 
peated attempts to culture or to demonstrate acid- 
fast bacilli histologically were unsuccessful. Since the 
cavity was not shown on the chest roentgenogram 
taken in 1966, it may represent a complication of the 
obstruction to pulmonary arterial blood flow to the 
left lung. 

Hemodynamic complications of fibrosing 
mediastinitis: When patients with fibrosing medias- 
tinitis become symptomatic, the superior vena cava 
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FIGURE 5. Indicator-dilution curves inscribed after a single 
bolus injection of indocyanine green. Injection and sampling 
sites are indicated at left. Adjustments are made for catheter 
transit time. Ao = aorta; MPA = main pulmonary artery; RLLPA 
= right lower lobe pulmonary artery; RULPA = right upper lobe 
pulmonary artery. 


is the most common structure compressed, but any 
structure in the mediastinum may be enveloped by 
the fibrotic tissue.2:6:-7 Pulmonary hypertension 
caused by obstruction of the pulmonary arteries in 
fibrosing mediastinitis is unusual.® In our patient, 
hemodynamic and angiographic data demonstrated a 
patent but high pressure pulmonary arterial system 
in the right upper lobe artery, no arterial flow to the 
left pulmonary artery, and a stenotic pulmonary ar- 
tery to the right lower lobe with a low pressure, high 
flow system distal to the obstruction. The tapering of 
the small pulmonary arteries in the right upper lobe, 
demonstrated by the pulmonary arteriogram, may 
represent the arterial response to a persistently in- 
creased pulmonary blood flow which occurred with 
occlusion of the left pulmonary artery and obstruc- 
tion in the right lower lobe pulmonary artery. As re- 
sistance increased in the artery to the right upper 
lobe, more blood flow may have been diverted into 
the partially protected vascular system distal to the 
partially stenotic artery to the right lower lobe. 

Two facts serve as evidence for preferential flow 
through the right lower lobe pulmonary artery: (1) 
There was earlier filling of the pulmonary veins from 
the right lower lobe than from the right upper lobe 
during pulmonary arteriography; and (2) the indica- 
tor-dilution curves had an unusual appearance (Fig. 
5). When the indicator was injected into the main or 
right upper lobe pulmonary artery, a portion of the 
bolus may have traveled rapidly through the right 
lower lobe pulmonary artery while another portion 
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moved more slowly through the severely diseased 
right upper lobe vessels, producing 2 concentration 
peaks. This concept is also supported by the normal 
curves obtained when indicator was injected into the 
distal right lower lobe pulmonary artery, and also by 
the immediate detection of the indicator in the latter 
vessel when the indicator was injected into the artery 
to the right upper lobe. 

Auscultatory and phonocardiographic findings: 
The systolic murmur radiated to the right hemitho- 
rax and continued through the pulmonary compo- 
nent of the second sound (P2), a finding commonly 
associated with congenital coarctation of the pulmo- 
nary arteries.? Pulmonary murmurs continuing 
through the second sound have also been reported in 
acquired disease such as pulmonary embolism,10:11 
and radiation to the right hemithorax has been de- 
scribed in other cases of fibrosing mediastinitis with 
pulmonary arterial obstruction.§:12 The murmur usu- 
ally does not extend into diastole because the gradi- 
ent across the obstructed portion occurs primarily 
during systole (Fig. 4).9 

Wide splitting of the second heart sound in this 
patient may have been due to pulmonary hyperten- 
sion, pulmonary arterial stenosis, or both. Separa- 
tion of the 2 components of the second sound can be 
caused by shortening of the Q—Ag interval or length- 
ening of the Q-P2 interval. In our patient the Q-A3 
interval (390 msec) and left ventricular ejection time 
(289 msec), measured from the rise in aortic pressure 
to incisura, were both well within normal limits,13-14 
and a greatly prolonged Q-P2 interval (494 msec) 
contributed to the wide splitting of the second 
sound. 14 

A delay in the production of Pz has been attrib- 
uted to 1 or a combination of 3 mechanisms: (1) 
delay of right ventricular electrical activation, 15 (2) 
prolongation of right ventricular systole, 16 or (3) slow 

“rebound” of the ejected column of blood against the 


closed pulmonic valve.!5 Electrical conduction was 
normal in this patient, and the duration of ventricu- 
lar systole was the same in both ventricles, as mea- 
sured from the onset of the first positive deflection of 
the pressure tracing after the A wave to its nadir. P2 
coincided exactly with the incisura of the pulmonary 
arterial pressure tracing. Since the incisura occurred 
at a very low level of right ventricular pressure, the 
latter was similar to pressure in the pulmonary ar- 
tery for a greater period of systole than occurred on 
the left side of the heart. The incisura has been at- 
tributed to the rebound of the column of blood in the 
pulmonary artery followed by rapid deceleration. 15 
The slow rebound and delayed deceleration in this 
patient might be attributed to the prolonged “run- 
off” through the partially stenotic right lower lobe 
pulmonary artery into the distal low resistance vas- 
cular bed. In a series of patients with congenital 
coarctation of the pulmonary arteries the second 
sound was reported to be as widely split as 0.06 sec- 
ond on inspiration but narrowed during expiration. 
The width of splitting did not appear to be in- 
fluenced by the presence of absence of right ventric- 
ular failure. 

The amplitude of Pz in relation to Ag may be nor- 
mal or increased in patients with pulmonary hyper- 
tension.!* In patients with congenital coarctation of 
the pulmonary arteries, Pz is usually normal in am- 
plitude.’ This finding has been attributed to the de- 
creased pulmonary arterial pressure at the time of 
pulmonic valve closure since stenosis of the pulmo- 
nary arteries increases the systolic but not the dia- 
stolic pressure in that vessel. A similar mechanism 
may explain the normal amplitude of Pz in our pa- 
tient in spite of systolic pulmonary hypertension. 
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The clinical and operative findings in a 50 year old patient with a 
huge thymic cyst are presented. Pericardial effusion with tamponade 
occurred in association with the cyst, and tussive syncope and a re- 
versible systolic murmur over the outflow tract were noted. Removal 
of the cyst corrected the murmur and electrocardiographic abnor- 
malities and relieved all symptoms. 


Thymic cysts are rare lesions that have been classified as infectious, 
neoplastic, and congenital.! Thymic cysts of infectious origin were all 
described before the 20th century and were associated with syphilis; 
they were frequently termed Dubois abscesses. Thymic cysts of neo- 
plastic origin are probably more correctly classified as thymomas 
with cystic degeneration. The thymic cyst that has been discussed in 
the literature of the 20th century is congenital in origin. 1-21 

The pathogenesis of the cyst is believed to be hemorrhage for un- 
known reasons into tubular remnants of the third branchial cleft 
from which the thymus is formed in embryologic life.*° The third 
branchial cleft is a hollow structure located in the neck of the 6 week 
old embryo. Solid epithelial bars appear within it, and these bars are 
attached inferiorly to the pericardium. The thymus descends along 
these bars to the thorax and the upper ends of the bars become 
drawn out and disappear.11 Therefore, a thymic cyst may develop 
anywhere along the line of embryologic descent of the thymus from 
the mandible to the diaphragm. Some of these cysts have been re- 
ported in the neck, but the majority have been located in the thorax. 
They account for approximately 1 percent of all mediastinal mass- 
es.1213 

Pathologically, cysts can be small or very large, multilocular or 
unilocular and usually contain a chocolate-colored fluid composed of 
old blood and cellular debris. They are usually attached to thymic 
tissue by a stalk but can be attached to other thoracic tissues as 
well, including lung and pericardium. Microscopically, they appear 
as epithelial-lined cysts with calcium, cholesterol clefts and occa- 
sionally hemorrhage into the cyst wall. Islands of thymic tissue are 
found within the walls of these cysts. They are almost always be- 
nign.1° 

Thymic cysts present at any age but most commonly occur in the 
third to sixth decades. The usual mode of presentation is an asymp- 
tomatic mediastinal mass discovered on X-ray film. The mass is usu- 
ally small but can be massive, and it is typically located in the an- 
terior or superior mediastinum, or both. Rarely, calcification may be 
seen in the wall of the cyst. Occasionally a mass may be palpable in 
the suprasternal notch. When symptoms are present, the most com- 
mon are dyspnea (which may be more severe when the patient is su- 
pine), nonproductive cough and pain in the chest and neck.13-14.16 
There has been 1 report of myasthenia gravis in association with 
thymic cyst.17 The diagnosis is almost never made preoperatively. 
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FIGURE 1. Chest X-ray film taken in 1968, showing asymmetric 
enlargement of the cardiac silhouette. 


Our case is unique in that is represents a thymic cyst 
simulating multiple cardiovascular abnormalities 
and presenting with pericarditis and pericardial 
tamponade. 


Case Report 


A 50 year old Caucasian man was referred to Emory 
University Hospital for evaluation of cardiac disease. 
There was a 3 month history of progressive exertional dys- 
pnea and ultimately dyspnea at rest with 3 episodes of 
syncope the month before admission; all had occurred 
while the patient was sitting and were preceded by cough- 
ing paroxysms. There was no history of recent respiratory 
infection although a chronic productive cough had been 
present for the past several years. He had experienced no 
chest pain. An X-ray film obtained 3 1/2 years earlier had 
been interpreted as showing cardiomegaly (Fig. 1). With 
onset of symptoms there had been a marked increase in 





the cardiac silhouette on X-ray film. Treatment with digi- 
talis and diuretic agents by the referring physician had 
effected no improvement. 

Examination revealed an afebrile man with pulse of 
100/min and blood pressure of 110/70 mm Hg with pulsus 
paradoxus of 25 mm Hg. It was difficult to determine the 
presence of venous distention, and the carotid upstroke 
felt normal. The chest was clear, and there was no palpa- 
ble precordial movement. There was a grade 3/6 basal 
ejection systolic murmur radiating into the neck, but no 
diastolic murmurs, rubs or gallops. The liver and spleen 
were not palpable, and there was no edema. The chest 
roentgenogram revealed the massive cardiac silhouette 
thought to represent pericardial effusion. Fluoroscopic ex- 
amination revealed pulsating epicardial fat lines well in- 
side the cardiac silhouette on the right but not on the left. 
The electrocardiogram showed a QRS axis of +60° with a 
superiorly directed initial 0.02 second of depolarization. 
The initial impression was pericardial effusion of un- 
known cause with pericardial tamponade. The murmur 
was thought to represent hemodynamically insignificant 
aortic stenosis. 

Pericardiocentesis by the subxiphoid approach resulted 
in withdrawal of 250 cc of straw-colored fluid. After no 
further fluid could be aspirated, a second pericardiocen- 
tesis was attempted between the anterior axillary and 
mid-clavicular lines in the fourth interspace; 350 cc of 
chocolate-colored fluid was aspirated. Immediately after 
the procedure the blood pressure was 130/80 mm Hg with 
pulsus paradoxus of only 6 mm Hg. The previously de- 
scribed systolic murmur was no longer audible, and the 
QRS axis had shifted to +30° with loss of the superiorly 
oriented 0.02 second initial depolarization forces (Fig. 
2A). The roentgenogram after the pericardiocentesis was 
essentially unchanged. (Fig. 3A). 

Surgical findings and treatment: The diagnostic im- 
pression at this time was neoplastic disease with involve- 
ment of the pericardium resulting in loculated areas of 
effusion. The patient underwent exploratory thoracotomy, 
and a 22 by 10 cm cystic mass was seen lying anteriorly to 
the heart and occupying the entire anterior mediastinal 
space. It was attached to a remnant of the thymus, ex- 
tending posteriorly, and to the lingula of the left lung and 
extended into the right pleural space adjacent to the right 


FIGURE 2. Electrocardiograms. A, before 
surgery, demonstrating low voltage, a verti- 
cal axis, prominent Q waves in leads II, III 
and aVF and digitalis effect. B, after surgery, 
with return of normal voltage, a shift of the 
QRS axis to the left with a less prominent Q 
wave in the inferior leads and persistent dig- 
italis effect. 


378 March 1973 The American Journal of CARDIOLOGY Volume 31 


THYMIC CYST AND PERICARDITIS—ALLEE ET AL. 


heart border. The heart was displaced downward and me- 
dially. The cyst was removed in toto and a pericardial bi- 
opsy was performed. 

Pathologic examination of the cyst revealed it to be 
unilocular containing approximately 2,000 cc of chocolate- 
colored fluid. The cyst was attached to a small thymoma 
(Fig. 4). The pericardium revealed chronic inflammation 
with fibrous thickening. Subsequent evaluation for the 
cause of the pericarditis was unrewarding. Results of renal 
and thyroid studies were normal, and tests for lupus 
erythematosus, antinuclear antibodies and rheumatoid 
factor were negative. Liver biopsy disclosed changes of 
cirrhosis. 

The patient was discharged with no prescribed medica- 
tion, and follow-up examination 2 months later revealed 
him to be asymptomatic with no physical evidence of 
heart disease. The cardiac silhouette on chest X-ray film 
was completely normal with residual elevation of the left 
side of the diaphragm (Fig. 3B). 


Discussion 


Thymic cyst presenting as apparent cardiomegaly 
has been previously described. Coulshed et al.15 de- 
scribed a 12 year old boy with a history of precordial 
pain and apparent cardiomegaly on X-ray film who 
was followed up for 2 years before thoracotomy was 
performed because of an abnormal right cardiac con- 
vexity that was clearly enlarging. Diagnosis of thym- 
ic cyst was made at time of thoracotomy. Podolsky 
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et al.1® described a 59 year old woman without 
symptoms whose routine chest roentgenogram 
showed apparent cardiomegaly with calcified right 
perihilar region. Thoracotomy revealed a thymic cyst 
attached to the pericardium. Schlurger et al.19 re- 
ported on a 23 year old asymptomatic woman who 
had apparent cardiomegaly on a routine chest roent- 
genogram. Diagnosis of a cyst was made by angiog- 
raphy, and thoracotomy revealed it to be a thymic 
cyst. 


FIGURE 3. Chest roentgenogram before surgery (A) and after 
removal of the cyst and placement of a pericardial window (B). 


Differential diagnosis: When a mediastinal mass 
is suspected as the cause of apparent cardiomegaly 
and routine radiologic or fluoroscopic examination is 
not diagnostic, then the best approach is probably 
angiography.21 In our case the cyst was entered 
fortuitously when, after initial subxiphoid aspiration 
of the pericardial sac, a second aspiration was per- 
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formed laterally. One reported case of intentional 
percutaneous aspiration of a mediastinal mass re- 
vealed the characteristic chocolate fluid within a 
thymic cyst.18 Similar fluid may be noted with rup- 
ture of amoebic abscess of the liver into the pericar- 
dium. 

The difficulty in differentiating a thymic cyst from 
a pericardial cyst has been described.18:29-23 There 
have been no previous cases of thymic cysts present- 
ing with pericardial tamponade or associated with 
pericarditis although one would wonder if the T 
wave changes reported by Schlurger et al.19 in their 
case were not due to pericarditis. Whether the peri- 
carditis in our patient was unrelated to the cyst or in 
some way secondary to it is purely speculative. 
Other causes for pericarditis were excluded with the 
notable exception of the most common, benign idio- 
pathic pericarditis. However, it is reasonable that an 
inflammatory reaction in the pericardium could re- 


sult from mechanical trauma from the expanding 
thymic cyst. Syncope in association with coughing 
was attributed to an increase in intrathoracic pres- 
sure with further impairment of venous return and 
reduction of cardiac output and cerebral blood flow. 
The systolic murmur, which disappeared after aspi- 
ration of the pericardium and the cyst, was most 
likely due to compression of the pulmonary outflow 
tract. This occurrence has been described in other 
mediastinal mass lesions although it has not been 
seen with thymic cyst per se.22-23 

There has been 1 prior case of a thymic cyst asso- 
ciated with electrocardiographic changes.?! These 
were repolarization abnormalities that reverted to 
normal postoperatively; no comment was made on 
the mechanism. The alteration in depolarization in 
our patient’s electrocardiogram is attributed to dis- 
tortion of the anatomic position of the heart, which 
was displaced downward and medially by the cyst. 
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Cardiac catheterization findings in a 39 year old woman indicated a 
moderate degree of aortic stenosis, without pulmonary hypertension. 
Over the ensuing 18 months, the findings of right ventricular failure 
became conspicuous, and the electrocardiogram revealed right ven- 
tricular hypertrophy. Repeat cardiac catheterization demonstrated 
severe pulmonary hypertension. The patient died shortly after this 
procedure, and at autopsy only calcific aortic stenosis was found, 
without evidence of pulmonary vascular disease. 


The clinical findings in valvular aortic stenosis are characteristic. 
Dyspnea, chest pain and syncope are the usual presenting com- 
plaints, and the electrocardiogram demonstrates left ventricular en- 
largement. Severe right-sided heart failure and the electrocardio- 
graphic findings of right ventricular enlargement are unusual mani- 
festations of aortic stenosis. 

We report here the clinical course of a 39 year old woman with val- 
vular aortic stenosis who manifested mainly the signs and symptoms 
of right-sided failure. The unusually rapid deterioration of this pa- 
tient’s condition was documented clinically as well as by serial cardi- 
ac catheterization studies. 


Case Report 


A 39 year-old Negro woman entered the hospital because of swelling of 
the legs and abdominal pain. She was first told of the presence of a cardiac 
murmur at age 5 years; there was no previous history of rheumatic fever. 

Eighteen months previously the patient had been admitted to the hospi- 
tal for evaluation of a cardiac murmur; she had also recently become aware 
of exertional dyspnea. Physical examination at that time revealed a blood 
pressure of 120/70 mm Hg and a pulse rate of 72/min. The lungs were clear, 
and the heart was not enlarged. Auscultation revealed a grade 3/6 ejection 
systolic murmur and a grade 2/6 early diastolic murmur best heard at the 
aortic area. The liver was not palpable, and there was no peripheral edema. 
An electrocardiogram was compatible with mild left ventricular hypertro- 
phy (Fig. 1). X-ray films of the chest were within normal limits (Fig. 2A). 
Cardiac catheterization on January 2, 1967 revealed normal right-sided 
pressures (Table I). A systolic gradient of 43 mm Hg was demonstrated 
across the calcified aortic valve. An aortic root angiogram revealed minimal 
aortic insufficiency. Continued medical treatment was advised. 

The patient remained well until January 1969 when exertional dyspnea 
again became a problem. She was digitalized and, with a maintenance dose 
of 0.25 mg of digoxin daily, the dyspnea decreased. However, by June 1969, 
peripheral edema was observed. The maintenance dose of digoxin was in- 
creased to 0.5 mg daily and diuretic agents were introduced. Little im- 
provement was observed, and she was hospitalized on July 7. The neck 
veins were now distended. The lungs were clear. Auscultation revealed the 
previously described murmurs as well as a new grade 3/6 holosystolic mur- 
mur at the xiphoid area. This murmur increased in intensity with inspira- 
tion and was compatible with the diagnosis of tricuspid insufficiency. The 
liver was 3 fingerbreadths below the right costal margin. There was mini- 
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TABLE I 


Cardiac Catheterization Findings 





1/2/67 8/7/69 





Pressures (mm Hg) 


Right atrial (mean) 5 13 
Right ventricular 30/6 62/13 
Pulmonary arterial 25/12 65/35 
Pulmonary wedge (mean) 10 27 
Left atrial (mean) 9 
Left ventricular 178/12 saj 
Aortic 135/68 100/62 
Cardiac index (liters/min per m?) 5.9 L3 
Stroke index (ml/beat per m?) 98 14 
Cardiac rate (beats/min) 60 94 
Oxygen consumption (cc/min per m?) 137 136 
Arteriovenous oxygen difference (vol/100 ml) 2:3 10.7 








FIGURE 2. Chest roentgenograms. A, 1966. 
The heart is normal. B, 1969. Cardiomegaly 
is evident. 


mal ascites, but bilateral peripheral edema up to the 
knees. X-ray films of the chest now revealed marked car- 
diomegaly (Fig 2B). An electrocardiogram now showed 
right axis deviation (Fig. 3). The urinalysis disclosed 3+ 
proteinuria. The hematocrit was 41 percent; the white cell 
count was 6,100/mm° with 42 percent neutrophiles and 51 
percent lymphocytes. Administration of digitalis and di- 
uretic agents was continued, and the peripheral edema 
and ascites gradually disappeared. Repeat cardiac cathe- 
terization was performed on August 7, 1969. The increased 
mean right atrial pressure and the rapid Y descent were 
consistent with the diagnosis of tricuspid insufficiency 
(Table I). Pulmonary hypertension was now a striking 
finding, and the cardiac index was greatly reduced, with 
an arteriovenous oxygen difference of 10.7 volume percent. 
The day after catheterization she had a fatal cardiac arrest. 

Autopsy revealed a severely stenotic calcified aortic 
valve with dilatation and hypertrophy of both ventricles. 
The mitral and pulmonic valves were normal, but the ring 
of the tricuspid valve was dilated. There were no cardiac 
thrombi and no evidence of old or recent myocardial or 


382 March1973 The American Journal of CARDIOLOGY Volume 31 


pulmonary infarction. The right pleural cavity contained 
100 ce of clear fluid, and the liver was congested and en- 
larged. A careful microscopic study of the pulmonary vas- 
culature revealed patent and unremarkable pulmonary ves- 
sels, without evidence of pulmonary emboli or arteriolar 
vascular disease. 


Discussion 


The clinical course of valvular aortic stenosis in 
the adult has been recently analyzed by reviewing 
information obtained from postmortem studies.! 
There is a long latent period, presumably marked by 
increasing obstruction and increasing myocardial 
disease due to long-standing overload on the left 
ventricle. The onset of symptoms typically occurs in 
the sixth decade, and the average life expectancy 
after the onset of severe symptoms is about 4 years. 
Angina is present for an average of 3 years and con- 
gestive heart failure for 1.5 to 2 years before death. 
Right ventricular failure is rare presumably because 
the patient’s early death, after the onset of symp- 
toms, precludes the development of right-sided find- 
ings. 

Wood? analyzed 250 cases of aortic stenosis and 
observed that the electrocardiogram was normal in 
trivial and most moderate cases. In the severe cases, 
left ventricular preponderance with secondary T 
wave inversions was found in 80 percent and left 
bundle branch block in 14 percent. Mitchell et al.3 
reviewed 88 cases of pure aortic stenosis and found 
that 84 percent had electrocardiographic findings of 
left ventricular hypertrophy, and there was no in- 
stance of right ventricular hypertrophy. 

Cardiac catheterization studies in patients with 
aortic stenosis usually reveal normal or moderately 
increased pulmonary arterial pressures.* Severe pul- 
monary hypertension is a very uncommon hemody- 
namic finding. 

Our patient was unusual in that her clinical dete- 
rioration occurred over an 18 month period. Further, 
the heart size on X-ray study was greatly increased, 
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and electrocardiograms progressed to show a classic 
pattern of right ventricular hypertrophy. At the ini- 
tial cardiac catheterization pulmonary hypertension 
was absent, whereas in the second procedure a strik- 
ing increase in the right-sided pressures was ob- 
served. Pulmonary embolism or vascular disease was 
not responsible for these changes as demonstrated by 
their absence at autopsy. 

One can only speculate why the clinical course of 
this patient was so different from the usual case of 
aortic stenosis. It is possible that Bernheim’s syn- 
drome produced the right-sided failure. In this enti- 
ty, the aortic stenosis causes hypertrophy of the left 
ventricle and the interventricular septum. The latter 
then encroaches on the right ventricular chamber 
producing an obstruction to inflow into the right 
ventricle. However, this explanation is unlikely in 
our patient since there was no pathologic evidence of 
this condition at autopsy. Further, the severe pulmo- 
nary hypertension must have resulted from left-sided 
heart failure, which placed a strain on the right ven- 
tricle. Selzer and et al.© have demonstrated that in 
cases of so-called Bernheim’s syndrome there is in 
reality, at cardiac catheterization, left-sided failure, 
pulmonary hypertension and right-sided failure. 

In our patient dyspnea was a prominent early 
symptom. However, as her clinical course progressed 
and deteriorated, the dyspnea became inconspicu- 
ous. This can be explained by the late development 
of functional tricuspid insufficiency. With the ap- 
pearance of this valvular abnormality, there is a di- 
minished right ventricular output into the lungs, and 
a resultant decrease in pulmonary congestion. Mitral 
valve disease commonly produces failure and dilata- 
tion of the right ventricle with the development of 
functional tricuspid insufficiency. Our report demon- 
strates that this sequence can also occur in aortic 
stenosis. Further, in the presence of heart failure, the 
systolic murmur of aortic stenosis may be virtually 
inaudible, and this diagnosis may not be considered. 
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A patient survived a stab wound of the heart, and an aneurysm of 
the left anterior descending coronary artery developed with a fistu- 
lous communication into the left ventricle and a postinfarction ven- 
tricular aneurysm. All lesions were successfully repaired by surgery 
4 years later. Preoperatively the patient suffered from angina pecto- 
ris presumably due to a coronary arterial “steal syndrome” and re- 
current myocardial infarction presumably due to coronary embolism 
from thrombi formed within the coronary aneurysm. The combination 
of a coronary arterial aneurysm and a coronary arterial-left ventricu- 
lar fistula produced a diastolic murmur that disappeared after sur- 


gery. 


A patient with a traumatic laceration of the coronary artery usually 
does not live long enough to benefit from either diagnostic investiga- 
tion or surgical therapy.1-? Patients who do survive may subse- 
quently have a myocardial infarction or a localized aneurysm of the 
coronary artery. This report describes a patient who, after a stab 
wound of the chest, had an aneurysm of the left anterior descending 
coronary artery, a coronary arteriocameral fistula into the left ventri- 
cle and a ventricular aneurysm. All of these lesions were successfully 
treated by operation 4 years after the injury. This is believed to be 
the tenth reported case of a traumatic coronary arteriocameral fis- 
tula,4-12 the second of a traumatic aneurysm of the left coronary ar- 
tery! and the first of a traumatic left coronary arterial-left ventricu- 
lar fistula. 


Case Report 


The patient was a 38 year old man who was first admitted to the hospital 
on December 21, 1967 after having been stabbed by a knife in the left ante- 
rior area of the chest. Examination revealed a small puncture wound below 
the left nipple with blood gushing forward in squirts. The patient was 
slightly hypotensive but conscious and alert. The neck veins were moder- 
ately engorged. Electrocardiogram on admission (Fig. 1A) revealed S-T seg- 
ment elevations and T wave inversions in leads I, II, aVL, aVF and V2 to Ve 
and a Q wave in leads I, II, aVL and V4 to Vg indicative of an acute antero- 
lateral wall myocardial infarction. Chest roentgenograms revealed an en- 
larged cardiac silhouette and left pleural effusion (Fig. 2A). The patient 
was immediately taken to the operating room for exploratory thoracotomy. 
Over 1,000 ml of blood was found in the left pleural cavity. The tense peri- 
cardial sac was opened, and bright red blood gushed out, of which a consid- 
erable amount was evacuated. A small wound could be seen in the anterior 
wall of the left ventricle adjacent to the lower third of the left anterior de- 
scending coronary artery. The ventricular wound was sutured, and the pa- 
tient made an uneventful recovery. Serial electrocardiograms revealed the 
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FIGURE 1. Twelve-lead electrocardiograms. 
A, on initial admission after the stab wound 
of the heart. B, 3 days later after closure of 
the ventricular wound. C, 4 days after the 
patient was readmitted 4 years later for an- 
other acute myocardial infarction. 


FIGURE 2. Chest roentgenograms. 
A, on admission showing pericardi- 
al and left pleural effusions. B, 4 
years later showing an aneurysmal 
bulge (arrow). 


FIGURE 3. Phonocardiograms. A, 
external phonocardiogram record- 
ed over fourth left intercostal 
space (4LIS), with simultaneous 
electrocardiogram (L111) and 
apexcardiogram (ACG), showing 
the diastolic murmur (DM). B, in- 
tracardiac phonocardiogram re- 
corded from the left ventricular 
cavity (LVicp) localizing the dia- 
stolic murmur (DM) within the left A 
ventricle (LV). 
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FIGURE 4. Left coronary cinearteriograms in right anterior oblique views. A and B, showing an aneurysm of the left anterior descending 
coronary artery (CA) and fistulous communication (arrow) with the left ventricle (LV). The fistula is better seen in earlier phase (A) 
than later phase (B) when it is blurred by left ventricular opacification. C, repeat study 4 years later showing faint visualization of the 
thrombosed left anterior descending coronary arterial aneurysm (arrows). D, left ventriculogram in right anterior oblique view taken at 
the same time showing a large apico-anterolateral aneurysm (AN) occupying over 40 percent of the left ventricular (LV) volume; the 


wall of the aneurysm is thin and lined with thrombi. 


evolutionary changes of a recent anterolateral myocardial 
infarction (Fig. 1B). Postoperative chest X-ray films re- 
vealed a normal cardiac silhouette with left pleural reac- 
tion. 

Clinical course: After discharge on the 14th postopera- 
tive day, the patient did not return until 7 weeks later; at 
that time a slight precordial systolic bulge and a loud dia- 
stolic murmur over the third and fourth left intercostal 
spaces were discovered (Fig. 3A). Chest roentgenograms 
showed an equivocal bulge of the left upper cardiac bor- 
der. At cardiac catheterization pressure on both sides of 
the heart was normal, and there was no evidence of a left 
to right shunt on dye-dilution and oxygen saturation stud- 
ies. Left heart catheterization and intracavitary phonocar- 
diograms localized the diastolic murmur at the level of 
the apex of the left ventricle (Fig. 3B). Left ventriculo- 
gram revealed a small apical aneurysm. Selective left cor- 
onary arteriogram demonstrated a sizable aneurysm (18 
by 33 mm) of the left anterior descending coronary artery 
at the junction of its middle and distal thirds with a fistu- 
lous opening into the left ventricle; the distal third of this 
artery could not be visualized (Fig. 4, A and B). 

The patient was lost to follow-up study for 4 years until 
November 19, 1971, when he was readmitted to the hospi- 
tal for acute anterior chest pain and diaphoresis. Electro- 
cardiograms on admission showed marked elevations of 


S-T segments over the right and mid-precordial leads; the 
S-T segments gradually returned to their previous levels 4 
days later (Fig. 1C). Except for slight transient elevations 
of serum enzyme levels, the patient recovered uneventful- 
ly. History obtained on this admission disclosed that, al- 
though he had remained well during the previous 4 years, 
he experienced exertional angina especially in cold weath- 
er. Physical examination now revealed a prominent systol- 
ic bulge above the apex and a soft early diastolic blowing 
murmur (Fig. 5). Chest roentgenograms showed a promi- 
nent bulge of the left upper border of the cardiac silhou- 
ette (Fig. 2B). Repeat cardiac catheterization performed 2 
months after the acute episode revealed normal intracavi- 
tary pressures and no intracardiac shunts by the hydrogen 
and ascorbate electrode tests.14 Coronary cinearteriograms 
showed that the aneurysm of the left anterior descending 
coronary artery was now only faintly outlined by the con- 
trast substance, and there was a large filling defect within 
it (Fig. 4C). The distal third of the vessel, which could 
not be visualized 4 years earlier, could now be seen to fill 
in antegrade manner. It was difficult to be certain of a fis- 
tulous communication between the left anterior descend- 
ing coronary artery and the left ventricular cavity. Left 
cineventriculogram revealed a huge thin-walled apico-an- 
terolateral aneurysm occupying more than 40 percent of 
the total volume with mural thrombi (Fig. 4D). 
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FIGURE 5. Phonocardiogram over the fourth 
left intercostal space (4LIS) showing the 
early diastolic murmur (DM). Note the sus- 
tained systolic bulge produced by the aneu- 
rysm on aneurysmogram (AMG) in contrast 
to the normal systolic retraction of the apex 
on the simultaneously recorded apex cardio- 
gram (ACG). The soft first sound (S,) at 
apex and the rapid filling waves in both the 
apex cardiogram and aneurysmogram indi- 
cate that the ventricular aneurysm contains 
mural thrombi. Car = carotid pulse; Exp = 
expiration; Insp = inspiration; PNG = pneu- 
mogram. 
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Operative repair: Under total cardiopulmonary bypass, tently entered, but the defect was closed with mattress 
both aneurysms of the left anterior descending coronary sutures during closure of the aneurysmectomy incision. 
artery and left ventricle were identified (Fig. 6). The left The resected aneurysm did not contain gross evidence of 
ventricular aneurysm was first resected and several large recent infarction. The postoperative course was unevent- 
intramural thrombi were removed. Both the afferent and ful save for the development of a pansystolic murmur over 
efferent ends of the left anterior descending coronary arte- the mesoapical area. 


rial aneurysm were ligated, and the latter was excised 


along with the fistulous communication with the left ven- 


; ' i Discussion 
tricle. A large intramural thrombus filled almost the en- i 
tire aneurysmal cavity of the artery (Fig. 7). During aneu- Penetrating wounds of the heart are usually the 
rysmal resection, the right ventricular cavity was inadver- result of gunshot, shrapnel or shell fragments in mili- 


FIGURE 6. Operative view of the aneurysm 
of the left anterior descending coronary ar- 
tery (upper oblique arrow) adjacent to a 
large left ventricular aneurysm (lower hori- 
zontal arrow) that has been only partly ex- 
posed. 
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tary combat, and inflicted by the knife or ice-pick in 
civilian practice. The usual residual defects, in ap- 
proximate order of frequency, are laceration of the 
wall of the heart, defect of the ventricular septum 
and fistulous connections between the root of the 
aorta and right ventricle, or between the aorta and 
right atrium.10:15 However, laceration of a coronary 
artery is rare. Careful search of the literature has 
yielded only 9 cases of a traumatic coronary arterio- 
venous fistula.412 Seven involved the right coronary 
artery with fistulous communications with the right 
atrium, 4:5.7-12 1 the right coronary artery with its 
accompanying vein® and 1 the left anterior descend- 
ing coronary artery with the right ventricle.* 
Laceration of a major coronary artery resulting 
from penetrating wound of the heart is usually fa- 
tal.1-3 Hemorrhage into the vessel wall after a lacera- 
tion may seem to indicate an acute myocardial in- 
farction. However, spontaneous healing of coronary 
arterial tears may occur even after piercing. Lar- 
rey,1® Napoleon’s celebrated surgeon, was the first to 
record this phenomenon. A soldier who had attempt- 
ed suicide by stabbing his chest died 73 days later of 
suppurative pericarditis and wa: found at autopsy to 
have scar tissue occluding a torn anterior descending 
coronary artery. On the other hand, a traumatized 
coronary vessel may not bleed during exploratory 
‘noracotomy and therefore may not be recognized.17 
This may have been the explanation in our case, 
since laceration of the left anterior descending coro- 
nary artery was not noticed at the time of emergency 
repair of the stab wound of the left ventricle. It was 
remotely conceivable that the left anterior descend- 
ing coronary artery had been inadvertently trauma- 


FIGURE 7. Resected specimen of aneurysm of the 
left anterior descending coronary artery. A, viewed 
from the outside. B, viewed from the underside 
showing its communication through the fistula 
(arrow) with the left ventricle. C, viewed with the 
aneurysm open, showing a large thrombus inside. 


tized or even ligated during suturing of the left ven- 
tricular wound. However, the clear-cut evidence of 
an acute anterolateral myocardial infarct on preoper- 
ative electrocardiogram and the lack of evidence of 
ligation of the vessel during pathologic examination 
of the resected specimen exclude this possibility. 

Coronary aneurysms, once considered rare, are 
now being reported more frequently. Until 1967 all 
reports were based on autopsy material.1% The etiol- 
ogy of these aneurysms has included congenital de- 
fects, arteriosclerosis, mycotic emboli, syphilis, infec- 
tious arteritis, necrotizing arteritis, periarteritis no- 
dosa and, rarely, trauma. In the first review of coro- 
nary aneurysms published in 1929 by Packard and 
Wechsler,?® the leading cause of death was rupture 
of the aneurysm. A later report by Scott19 cited the 
occurrence of thrombosis at the site of the aneurys- 
mal area as the cause of death. Our patient had a 
second myocardial infarction 4 years after the devel- 
opment of the coronary aneurysm probably because 
of distal coronary embolism from the thrombi formed 
within the left coronary arterial aneurysm. There 
was an alternate source for coronary embolism in our 
patient, namely, mural thrombi within the left ven- 
tricular aneurysm. In either instance the second 
myocardial infarction was clearly embolic in origin, 
because there was no evidence of arteriosclerosis on 
repeated coronary arteriographic examinations. Cor- 
onary embolism always has to be considered in a 
young patient who suddenly undergoes acute myo- 
cardial infarction. ?° 

The decision for surgical intervention in our pa- 
tient was based on (1) risk of recurrent coronary em- 
bolism from either the thrombosed coronary arterial 
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aneurysm or the thrombosed ventricular aneurysm; 
(2) development of angina as a consequence of coro- 
nary “steal syndrome”; (3) danger of rupture of ei- 
ther the coronary or ventricular aneurysm, both of 
which had a thin wall; (4) hemodynamic conse- 
quences of a large ventricular aneurysm; and (5) 
danger of bacterial endarteritis of the coronary arte- 
rial-left ventricular fistula. 

Coronary arterial ‘‘steal syndrome”: A huge 
coronary arterial aneurysm constitutes a coronary 
arterial steal syndrome.2! When it is associated with 
a coronary arteriocameral fistula, the “steal” may 
approach “grand larceny” and cause coronary insuf- 
ficiency. In diastole, blood will run into the relaxed 
aneurysm; if there is an associated coronary arterio- 
cameral fistula, it will run into the cardiac chamber. 
In systole the aneurysm empties with increased pres- 
sure causing a reversed blood flow through the dilat- 
ed central part of the left anterior descending coro- 
nary artery. Thus only a small portion of the blood 
from the aneurysm goes through the narrow distal 
part of the left anterior descending artery. This was 
probably the cause of angina in our patient before 
the coronary arterial aneurysm was excised. Coro- 
nary arterial steal was demonstrated by comparison 
of the earlier coronary arteriographic study, in which 
there was little distal perfusion through the left an- 
terior descending artery beyond the thin-walled an- 
eurysm, and the repeat study, in which the aneu- 
rysm was found to be thrombosed and distal perfu- 
sion could again be demonstrated. Furthermore, 
after excision of the left anterior descending coronary 
arterial aneurysm and abolition of the coronary art- 
eriocameral fistula, the patient no longer complained 
of angina pectoris. 

Coronary arterial-left ventricular fistula: The 
pathogenesis of the diastolic murmur in our patient 
posed a diagnostic challenge. Among the mecha- 
nisms of diastolic murmurs in coronary artery dis- 
ease, ?*-26 ventricular aneurysm??:26 and coronary ar- 
terial stenosis?” were considered most likely until in- 
tracavitary phonocardiograms localized the source to 
the coronary arterial-left ventricular fistula. This ori- 
gin was further confirmed by the findings that the 
diastolic murmur became shorter and fainter as 
thrombosis developed within the coronary aneurysm 
and disappeared completely after surgical oblitera- 
tion of the coronary arterial-left ventricular fistula. 
Most coronary arteriocameral fistulas produce con- 
tinuous murmurs because of occurrence of a continu- 


ous left to right shunt in the presence of a persistent 
pressure gradient during both systole and diastole. 
However, with a fistulous communication between 
the coronary artery and the left ventricle, the left to 
left shunt flow occurs only during diastole because 
equal systemic pressures are present at both sites 
during systole. Coronary arteriovenous fistulas or 
arteriocameral fistulas communicating with either 
the right atrium or the right ventricle produce a left 
to right shunt, and are easier to diagnose than a cor- 
onary arterial-left ventricular fistula, which produces 
a left to left shunt. Selective coronary arteriography 
is the only available means of establishing such a di- 
agnosis during life. Our case illustrates the value of 
selective coronary arteriography in investigation of 
conditions other than arteriosclerotic coronary heart 
disease. 28 

Although the risk of rupture of a ventricular aneu- 
rysm is small, large ventricular aneurysms cause un- 
favorable hemodynamic consequences and should be 
resected.79:39 In addition, the larger the aneurysm, 
the greater its tendency to form mural thrombi. The 
incidence of mural thrombosis in ventricular aneu- 
rysm in coronary artery disease has been thoroughly 
discussed in a recent review.2® The absence of an ac- 
centuated first heart sound and presence of a rapid 
filling wave in both the apex cardiogram and aneu- 
rysmogram are strongly suggestive of mural thrombo- 
sis within the ventricular aneurysm.22?:26 Both signs 
were present in our patient, and the diagnosis of 
mural thrombosis was confirmed by both ventricu- 
lography and surgery. 

The postoperative appearance of a mesoapical 
pansystolic murmur in our patient is of some con- 
cern. It may-represent either mitral regurgitation re- 
sulting from surgical trauma to the papillary muscle, 
or an iatrogenic ventricular septal defect caused by 
disruption of the sutures placed in the interventricu- 
lar septum when the right ventricle was inadvertent- 
ly entered during resection of the large left ventricu- 
lar aneurysm. 

We hope to investigate this matter further as well 
as the coronary circulation at a future recatheteriza- 
tion. The patient is now asymptomatic and free from 
angina. 
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A patient with posttraumatic rupture of the aorta presented without 
the typical findings of mediastinal widening on chest roentgenogram, 
shock or hemothorax. The findings of acquired coarctation, that is, 
reduced volume of the femoral pulses and blood pressure difference 
between the arms and legs, led to early performance of retrograde 
aortography and successful corrective surgery. The need for atten- 
tion to these subtle clues of aortic rupture is stressed. 


Early surgical intervention can save lives in patients with traumatic 
rupture of the aorta, and prompt recognition is the key to satisfacto- 
ry treatment. Although cases of posttraumatic rupture of the aorta 
with typical presenting findings are easily diagnosed, less apparent 
presentations are missed with tragic consequences. This report em- 
phasizes the diagnostic significance of subtle evidence of acquired 
coarctation in a patient seen after an automobile-motorcycle acci- 
dent. 


Case Report 


A 16 year old boy was transferred to the Ochsner Foundation Hospital for 
treatment 2 to 3 hours after injury in an automobile-motorcycle accident. 
He did not appear to be seriously injured, but was taken to his local hospi- 
tal for observation and treatment. Pertinent physical findings at that time 
were swelling and ecchymoses of the anterior chest wall, tenderness of the 
sternochondral junctions and abrasions and lacerations of the hands and 
left leg. A systolic murmur was heard below the left clavicle. Blood pressure 
was 128/70 mm Hg in the right arm and 118/75 in the left arm. The boy’s 
physician was alarmed by the presence of a murmur and referred him to 
our institution for further treatment. 

On admission he seemed moderately distressed. Blood pressure was 140/ 
75 mm Hg in the right arm and 130/90 in the left leg. Pulse rate was 100/ 
min and regular. Femoral pulsations were diminished in volume but were 
not delayed in time. The jugular venous pressure was normal. The heart 
sounds were normal. A grade 2/6 long systolic murmur and a faint decre- 
scendo diastolic murmur were heard in the pulmonic area. The remaining 
tests of the physical examination were within normal limits. 

The chest roentgenograms (Fig. 1) were normal, in both posteroanterior 
and lateral views. The electrocardiogram was within normal limits. The he- 
moglobin was 11.3 g/100 ml; the white blood cell count was 12,400/mm? 
with a slight leftward shift; the lactic dehydrogenase level was 390 interna- 
tional units (normal 90 to 200 units) and serum glutamic oxaloacetic trans- 
aminase was 95 units (normal 20 to 50 units). Urinalysis, blood urea nitro- 
gen and serum electrolytes were within normal limits. 

The physical findings were consistent with acquired coarctation of the 
aorta. An aortogram was indicated in spite of the normal-appearing chest 
X-ray films. Percutaneous retrograde aortography demonstrated a tear in 
the aorta just distal to the left subclavian artery. There was subintimal fill- 
ing beyond the tear that narrowed the lumen of the aorta to 1 em—an ac- 
quired coarctation (Fig. 2). 

Immediate operative repair was necessary. A posterolateral incision was 
made in the fourth intercostal space, and a pulsating hematoma could be 
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FIGURE 1. Posteroanterior roentgenogram of chest. There is no 
mediastinal widening. 


seen at the aortic isthmus. The hematoma was opened, 
and the aorta was found to be circumferentially torn with 
only 3 mm of the posterior aortic wall intact. The severed 
aorta was repaired primarily with 4-0 Dacron suture. 
The patient tolerated the procedure well, and the postop- 
erative course was uncomplicated. He was discharged on 
the 14th postoperative day. When last examined, 12 
months after the operation, he was symptom-free and had 
normal pulse and blood pressure in his arms and legs. 


Discussion 


Posttraumatic rupture of the aorta is a rapidly 
fatal condition.1:2 Most persons do not survive the 
accident, and 82 percent of those involved die within 
1 hour of the injury.? If untreated, most of those who 
survive the first hour will die from uncontrolled 
hemorrhage within 2 to 4 weeks.!:3-4 A chronic aneu- 
rysm will develop in a few persons who may live for 
years.!:3;5 

Blunt nonpenetrating trauma of the chest, gener- 
ally in association with abrupt deceleration of motion, 
is the major cause of traumatic rupture of the aorta.® 
About 70 percent of these cases arise from head-on 
automobile collisions. The remaining cases have been 
reported after car-pedestrian and automobile-motor- 
cycle accidents, airplane crashes, falls, animal kicks 
and explosions.1 Some of the common associated 
major injuries include flail chest, head injuries, long 
bone fractures, rupture of the spleen, pulmonary 
contusions, fractures of the sternum, pelvic fractures 
-and lacerations of the liver.1+? 





FIGURE 2. Lateral view of retrograde aortogram. The arrow 
points to the area of acquired coarctation caused by aortic tear 
and intimal dissection. 


Posttraumatic rupture of the aorta invariably oc- 
curs at the thoracic aorta isthmus.’ As Groves’ has 
suggested, this is the “junction between the heart 
and great vessels which are ‘floating’ in the medias- 
tinum, and the descending thoracic aorta, which is 
relatively fixed by its intercostal branches and pari- 
etal pleura to the posterior chest wall.” Sudden ac- 
celeration or deceleration of these floating structures, 
the heart, lungs and great vessels, could tear the 
aorta by traction upon its most fixed point, the liga- 
mentum arteriosum. 

Patients who survive the initial injury usually 
present with shock, bloody pleural effusions, precor- 
dial systolic murmurs and chest X-ray evidence of 
widening of the mediastinal shadow.? However, not 
all patients present with typical findings; only 50 
percent will present with typical widening of the me- 
diastinum on chest roentgenogram.?:4 Carefully per- 
formed aortography is essential to proper diagnosis. 
It has been suggested, therefore, that patients who 
have received severe blunt trauma to the chest and 
have sustained multiple chest wall injuries and have 
pulse deficits and unexplained hypotension should 
be considered as possible survivors of aortic rupture 
and should undergo arch aortography for proper di- 
agnosis. 
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Cinefluoroscopy and ultrasound were used to evaluate disc-in-cage 
motion of a partially obstructed Beall mitral valve prosthesis. Cock- 
ing of the disc was easily observed on cinefluoroscopic study and 
echocardiograms showed normal motion of the disc with respect to 
the inferior strut but demonstrated that the disc did not open com- 
pletely with respect to the superior strut. The restricted disc motion 
was produced by thrombus on the ventricular side of the disc. Contact 
between the superior edge of the disc and the adjacent myocardium 
seen at autopsy may have predisposed to thrombus formation at this 
site. A small amount of granulation tissue was also found on the 
sewing ring causing uneven seating of the disc. This condition was 
detected with use of ultrasound as a 1 mm difference in disc excur- 
sion between the superior and the inferior aspects of the valve. 


Prosthetic valve thromboembolic complications are most often mani- 
fested as systemic emboli, but occasionally thrombus on the prosthe- 
sis causes significant obstruction to emptying of the left atrium and 
evidence of valvular dysfunction then dominates the clinical find- 
ings. Only 3 instances of Beall mitral valve dysfunction due to 
thrombus formation causing obstruction of the prosthesis were re- 
ported to Beall by November 1969, 1 and 1 other case was mentioned 
by Stanford? in January 1970. 

This paper describes the occurrence of dysfunction of a Beall mi- 
tral valve prosthesis due to thrombus formation between the superior 
strut and the ventricular side of the disc, and its recognition by 
cinefluoroscopic and ultrasound techniques. A large resting gradient 
across the prosthetic valve was in accord with the obstruction indi- 
cated by the noninvasive methods. 


Case Report 


A 61 year old white woman was admitted with a 3 year history of fatigue 
and a 2 week history of atrial fibrillation and increasing symptoms and 
signs of severe congestive heart failure. Physical examination confirmed the 
presence of mitral stenosis. The electrocardiogram revealed atrial fibrilla- 
tion with a ventricular response of 160/min, right axis deviation and right 
ventricular enlargement. The chest roentgenogram showed cardiomegaly 
with a large left atrium, bilateral pleural effusions and pulmonary venous 
congestion. After the patient responded to treatment, she underwent cardi- 
ac catheterization, which confirmed the presence of moderately severe mi- 
tral stenosis, minimal mitral insufficiency and minimal aortic insufficiency 
(Table I). At operation, 1 week later, a markedly deformed mitral valve was 
replaced with a small Beall valve. Atrial fibrillation recurred postoperative- 
ly, but no other problems appeared. She was discharged 2 weeks later on a 
treatment regimen of warfarin, furosemide, digoxin and potassium chloride. 

With resumption of activity at home, the patient noted progressive short- 
ness of breath, 4 pillow orthopnea, paroxysmal nocturnal dyspnea and fre- 
quent palpitations. She stated that she now felt worse than before valve re- 
placement. She was readmitted 3 weeks after leaving the hospital. Physical 


March 1973 The American Journal of CARDIOLOGY Volume 31 393 


ECHOCARDIOGRAPHY IN VALVE DYSFUNCTION—OLIVA ET AL. 





FIGURE 1. Frame from cinefluoroscopic film taken in the right 
anterior oblique projection during mid-diastole demonstrating 
cocking of the disc. During diastole the superior edge of the 
disc consistently failed to make contact with the strut. 









examination revealed that she was tachypneic with a 
greatly increased jugular venous pressure and bilateral 
basilar rales. Atrial fibrillation persisted with a rapid ven- 
tricular rate, and the blood pressure was 118/86 mm Hg. 
A right ventricular lift was present. The opening and clos- 
ing sounds of the Beall valve appeared to be normal. A 
grade 1/6 holosystolic blowing murmur, heard at the apex, 
was the only murmur detected. The liver was enlarged 
and tender, and pretibial edema was present. Congestive 
heart failure was treated, and cardioversion restored nor- 
mal sinus rhythm. A mild hemolytic anemia became ap- 
parent. 

Repeat cardiac catheterization (Table I) revealed a 
mean resting gradient of 16 mm Hg across the mitral 
prosthesis, and mild mitral regurgitation was seen on a 
left ventricular cineangiogram. Cinefluoroscopic study 
showed that the valve poppet was cocking and not meet- 
ing the superior strut (Fig. 1). An echocardiogram also 
demonstrated that the disc was not opening completely 
with respect to the superior strut (Fig. 2). The distance 
from the superior strut to the disc during systole was also 
decreased. A phonocardiogram demonstrated reduction of 
the opening sound intensity. 

The patient underwent reoperation the following day. 
No thrombus was seen in the left atrium or on the left 
atrial surface of the valve. However, when the valve was 
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Catheterization Data 
Preoperative Postoperative 


Pressures (mm Hg) 


Right atrium a=12,v=8 (07 vi => 3547) 
Right ventricle 60/0-10 73/0-3 
Pulmonary artery 60/24 (39) 73/38 (51) 
Pulmonary artery wedge a = 25, v = 22 (18) v= 38 (24) 
Left ventricle 156/0-6 124/0-6 
Aorta 161/70 (100) 124/65 (78) 

Cardiac index 4.18 2.96 
(liters/min per m?) 

Stroke index 61 24 
(ml/beat per m?) 

Mean mitral valve gradient 10 16 
(mm Hg) 


* Figures in parentheses indicate mean values. 


FIGURE 2. Echocardiogram from our patient 
showing the small valve. A, the sound beam 
was directed at the superior strut and the 
disc echo does not merge with the strut 
echo during diastole, thereby indicating in- 
complete opening of the disc. B, the trans- 
ducer was angled toward the inferior strut 
and the disc echo now merges with the strut 
echo, indicating complete opening of the 
disc with respect to the inferior strut. 


excised it was seen that the superior strut was enveloped 
by thrombus that extended down toward the sewing ring 
and prevented the disc from opening. It was also noted 
that there was some granulation tissue at the base of the 
valve that did not permit proper seating of the disc. This 
was thought to account for the “mitral insufficiency.” The 
valve was replaced with another small Beall valve. Post- 
operatively, atrial fibrillation recurred, and digitalis was 
employed to control the rate. However, the appearance of 
a junctional tachycardia with Wenckebach block was not 
recognized. Additional digitalis was given, and the patient 
died on the third postoperative day. 

At autopsy, no thrombus was present on the new Beall 
valve. However, the superior edge of the valve disc ap- 
peared to touch the adjacent myocardium with conse- 
quent restricted motion of this edge of the disc. 


Discussion 


Obstruction of the orifice of the prosthetic mitral 
valve by a thrombus sufficient to cause death or 
reappearance of symptoms of congestive heart failure 
has occurred with the following types of disc valve 
prosthesis: the Kay-Suzuki,? Kay-Shiley,+:5 Cooley- 
Bloodwell-Cutter® and Starr-Edwards low profile 
valves.7:-8 The reported incidence of obstruction of 
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FIGURE 3. Echocardiogram and schematic 
diagram of small prosthetic Beall valve in the 
mitral position. The echoes from the strut 
and suture ring are parallel and represent 
movement of the mitral annulus. The echo 
from the disc moves posteriorly (down) with 
the onset of systole and anteriorly (up) with 
the onset of diastole. 


the Beall mitral valve is low. Only 4 cases could be 
found, and in each instance the valvular obstruction 
was fatal.1:2 Thrombus formed on the atrial side of 
the Beall valve disc in each of the latter cases.? The 
occurrence of thrombus on the ventricular side of our 
case may be related to resistance to disc opening 
produced by the encroachment of ventricular myo- 
cardium on the superior edge of the disc. 

Our patient experienced symptoms of congestive 
heart failure 1 month after insertion of a Beall mitral 
valve prosthesis. This development led to evaluation 
of the prosthetic valve function. The opening and 
closing sounds appeared normal, although reduced 
intensity of the opening click was demonstrated by 
phonocardiography. Catheterization disclosed a 16 
mm Hg gradient across the prosthetic valve. Al- 
though this gradient is high, it occasionally occurs 
with a normal Beall valve.19-11 Cinefluoroscopy and 
echocardiograms supplied more definite indications 
of valvular obstruction. 

Constant cocking of the disc was easily observed 
by cinefluoroscopic study. Transient cocking of the 
disc may be seen during the opening or closing mo- 
tion of the normal Beall valve disc,12 but the disc 
normally completes a full excursion. Cocking can 
also be produced by eddy currents in the pulse du- 
plicator under simulated high pressure-low flow con- 
ditions.13 A few patients with a Cross-Jones mitral 
valve prosthesis and associated aortic insufficiency 
have displayed rate-related disc cocking that is prob- 
ably due to the impact of the regurgitant jet on one 
edge of the disc during longer diastolic filling peri- 
ods.14 Thus, transient or intermittent cocking of the 
disc may occur under several circumstances, but 
when there is consistent cocking it is likely that val- 
vular malfunction is present. 

Echocardiography of Beall valve prosthesis: Di- 
agnostic ultrasound, or echocardiography, has been 
of value in assessing the motion and function of im- 
planted prosthetic ball valves.1° 18 Two cases of mi- 
tral ball valve malfunction, as diagnosed by echocar- 
diography, have been reported very recently by Pfei- 
fer et al.18 They described delayed opening of the 
ball, as well as delayed cage motion. To date, we 
know of no report of Beall valve dysfunction detected 
by use of ultrasound. 
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SUTURE RING 


The typical echo pattern and average disc excur- 
sion of the Beall valve prosthesis were determined in 
24 patients with use of the in vitro examining cham- 
ber described by Johnson et al.1® These results will 
be reported separately.19:2° Figure 3 is an echocardio- 
gram from a patient with a normally functioning 
small mitral Beall valve. On the right is a schematic 
diagram of the Beall valve in the open and closed 
positions. The first echo (top of tracing) arises from 
the anterior surface of one of the struts. It can be 
seen that with ventricular systole, the second echo, 


arising from the anterior disc, moves rapidly away 
from the anterior strut to the closed position. The 
third echo represents the suture ring. During systole 
all 3 echoes move synchronously. This represents 
movement of the mitral annulus. The faint echo seen 
during systole behind the anterior strut represents 
the echo from the back side of the strut. With the be- 
ginning of diastole the anterior disc echo moves rapid- 
ly up to and strikes the strut echo. The opening veloci- 
ty of the disc can be measured from this tracing. The 
distance between the strut echo and the disc echo 
during systole is equal to the distance the disc has 
moved within the cage if the disc opens completely. 
Incomplete opening of the disc can be detected by 
failure of the disc echo to merge with the strut echo 
during diastole. There are 2 struts on the Beall valve, 
and each echo must be examined separately. 

Figure 2 is the echocardiogram obtained from our 
patient with the transducer directed to the superior 
strut echo. Figure 2B, an echocardiogram from the 
same patient, shows the inferior strut. The disc echo 
merges with the echo from the inferior strut. The av- 
erage distance from the inferior strut to the disc dur- 
ing systole was 0.66 cm; that from the superior strut 
to the disc during systole was 0.56 cm. The expected 
distance from strut to disc during systole (disc ex- 
cursion) for a valve of this size as measured by ultra- 
sound technique is 0.6 + 0.02 cm.19 This 1 mm dif- 
ference in disc excursion indicated that the presence 
of thrombus on the superior part of the suture ring 
prevented complete closure of the disc. This finding 
illustrates the importance of examining both struts 
of the Beall valve with use of ultrasound, since if the 
inferior strut alone had been examined, the diagnosis 
would have been overlooked. 
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Cinefluoroscopy and ultrasound provide noninva- 
sive methods of assessing the poppet-in-cage motion 
of many prosthetic mitral valves. The ultrasound 
technique is extremely accurate, reproducible and 
relatively simple to perform. Routine application of 
ultrasound and cinefluoroscopy at regular intervals 
may permit earlier detection of valvular malfunction 
due to abnormal poppet motion. Furthermore, pa- 


tients who suddenly experience symptoms indicating 
obstruction of a mitral prosthesis may be evaluated 
by these techniques, and the need for cardiac cathe- 
terization may be obviated. 
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In a young male patient with congenital aortic stenosis a rare disor- 
der of cardiac rhythm, atrioventricular (A-V) junctional parasystole, 
was observed. When the parasystolic depolarizations were “con- 
cealed” and caused neither atrial nor ventricular stimulation, a form 
of false second degree A-V block was produced. Differential refrac- 
toriness of upper and lower common A-V pathways is suggested as 
a probable mechanism for this phenomenon. 


A stimulus arising-from an atrioventricular (A-V) junctional focus 
may be conducted in retrograde manner to the atria and in ante- 
grade manner to the ventricles, producing both “retrograde” P 
waves and QRS complexes resembling those seen during normally 
conducted sinus rhythm. At times, however, such an A-V junctional 
depolarization may be ‘‘concealed”’ in the sense that it causes neli- 
ther atrial nor ventricular stimulation; under these circumstances its 
presence may be inferred only from its effect on subsequent A-V con- 
duction. 

Because of its predictable manifest and nonmanifest depolariza- 
tions, an A-V junctional parasystolic rhythm is an ideal setting in 
which to look for concealed impulse formation and conduction. Such 
was the case in the patient we describe here. 


Case Report 


A 32 year old white male banker had had an aortic systolic murmur since 
childhood. In his adult life substernal chest pain and shortness of breath on 
exertion developed. Physical examination disclosed cardiomegaly, an apex 
impulse typical of left ventricular hypertrophy and a grade 4/6 ejection sys- 
tolic murmur at the base of the heart. 

Chest roentgenogram revealed increased left ventricular size, and all elec- 
trocardiograms showed left bundle branch block. In several tracings prema- 
ture complexes were occasionally conducted without complete left bundle 
branch block, and a typical pattern of left ventricular hypertrophy was then 
revealed. 

Cardiac catheterization findings included a gradient of 80 mm Hg across 
the aortic valve, increased left ventricular end-diastolic pressure, and a re- 
duced fixed cardiac output. 

With use of cardiopulmonary bypass, a greatly narrowed and calcified bi- 
cuspid aortic valve was replaced by a Starr-Edwards valve in 1968. The pa- 
tient did well for several years but died 3 years after operation with intrac- 
table congestive heart failure. On several occasions during the last year of 
his life he exhibited an A-V junctional parasystolic rhythm. During this 
time he was receiving digitalis but at no time did he show signs of digitalis 
toxicity. 


Electrocardiographic Findings 


Figure 1 (a continuous strip of standard lead III) shows normal 
sinus rhythm. The P-P intervals measure 0.65 second, representing a 
rate of 92 beats/min. The rhythm is complicated by premature beats 
(labeled with black dots) with QRS complexes of a contour identical 
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to those of the conducted sinus beats. This finding, 
together with their dissociation from the nearly 
synchronous sinus impulses, reflects their A-V junc- 
tional origin. The coupling intervals of these A-V 
junctional beats vary. For example, the first 3 pre- 
mature beats are associated with progressively di- 
minishing coupling intervals, namely, 0.62, 0.59, and 
0.54 second. The shorter interectopic intervals range 
from 1.16 to 1.27 second. The longer interectopic in- 
tervals are related since they are multiples (or near 
multiples) of the shorter interectopic intervals, that 
is, 1.22 + 0.05 second, thus reflecting the presence of 
an independent A-V junctional parasystolic pace- 
maker. The pacemaker discharges regularly, but 
some of its discharges are not manifest (indicated by 
open circles) because they occur during the refracto- 
ry period of the A-V node or the ventricles, or both 
(see later). 

The rhythm is complicated by 2 instances of ap- 
parent second degree A-V block (top and middle 
strips). The block occurs only when a predicted non- 
manifest parasystolic discharge occurs synchronously 
or near synchronously with the sinus impulse. A sim- 
ilar manifestation is evident in Figure 2 (lead V,) in 
which the fortuitous chronological relation of the 
parasystolic and sinus pacemakers results in a period 
of sustained 2:1 A-V block (discussed later). 


Discussion 


A-V junctional parasystole is an uncommon ar- 
rhythmia, and there are few unequivocal cases on 


FIGURE 2. A tracing of lead Vı illustrating 
—— pseudo second degree A-V block. Symbols 
ba and measurements as in Figure 1. 


record (see Schamroth and Surawicz,! their refer- 
ences 20 to 27; and Lindsay?). The rhythm is the ex- 
pression of an A-V junctional pacemaking focus that 
is totally protected in its immediate vicinity from 
the impulses of the dominant and faster sinus pace- 
maker, and that has impulses that can exit from the 
pacemaking focus when the surrounding tissues are 
responsive. In other words, it is an A-V junctional 
pacemaker surrounded by a zone of unidirectional 
block. The short manifest interectopic intervals (the 
assumed true ectopic cycle length of the parasystolic 
pacemaker), although clearly related mathematically 
to the longer interectopic intervals, are often slightly 
longer than the cycle length calculated from the 
longer intervals. This is clearly evident in this case 
and is attributed to a longer exit conduction time in 
the case of consecutively conducted parasystolic im- 
pulses. A-V junctional parasystole differs from the 
classic form of ventricular parasystole in that ven- 
tricular fusion is virtually impossible. Furthermore, 
because of its site in the relatively confined A-V con- 
ducting pathway, A-V junctional parasystole tends 
to interfere with the normal conduction of sinus im- 
pulses and can thus mimic A-V conduction distur- 
bances. The manifestation of the second degree A-V 
block in this case is clearly related to a nonmanifest 
parasystolic discharge, and could be explained on 
the following (probably oversimplified) basis (Fig. 3). 

The A-V conducting system is represented as a 
simple pathway containing the parasystolic focus 
(diagram 1, Fig. 3). The sinus impulse traverses this 
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JUNCTIONAL PARASYSTOLE WITH CONCEALED CONDUCTION—LINDSAY AND SCHAMROTH 





FIGURE 3. Diagrams of A-V conducting system. See text for 
discussion. 


A-V pathway but does not depolarize the parasystol- 
ically protected ectopic pacemaker. After such acti- 
vation, the lower part of the pathway recovers later 
than the upper part, perhaps because the lower part 
is activated later and hence recovers later, or be- 
cause true differential refractoriness is present. In 
this event, a relatively early parasystolic discharge 
that occurs during this phase will find the lower part 
of the pathway refractory, but still be able to invade 
the upper part of the node and interfere with the 
nearly synchronous sinus impulse. The result is a 
sinus P wave that is not followed by a QRS complex, 
thus mimicking second degree A-V block. Since 
there are no atrial fusion complexes, interference 
must occur within the upper part of the A-V junc- 
tion and not within the atria. 

A more complex, and perhaps more physiologic, 
explanation is based on assuming the presence of 2 
A-V pathways joined with upper and lower common 
A-V pathways (Fig. 4). Evidence for such a setting 
has been previously presented.? The parasystolic 
pacemaker is situated in one of the pathways (path- 
way a, Fig. 4). The parasystolic pacemaker and the 
tissue it depolarizes have a slightly longer refractory 
period than that of the sinus cycle. This is to be ex- 
pected because the length of the refractory period is 
directly proportionate to the length of the preceding 
cycle. The longer cycle of the parasystolic pacemaker 
and the tissue it depolarizes would thus have a long- 
er refractory period than the sinus pacemaker and 
the tissue it depolarizes. The sinus impulse, conse- 
quently, does not enter pathway a, which is still re- 


FIGURE 4. A-V pathways in parasystole. See text for discus- 
sion. 


fractory as a result of prior activation by the — 
parasystolic pacemaker, and is conducted down 
pathway b only (diagram 1, Fig. 4). The ensuing 
parasystolic discharge, if it is critically early, will en- 
counter a refractory lower common pathway and a 
responsive upper common pathway (diagram 2, Fig. 
4). As with the preceding hypothesis, the ‘‘differen- 
tial refractoriness” of the upper and lower common 
pathways can be explained on a purely chronological 
basis: The lower common pathway is activated after 
the upper common pathway and hence recovers 
later. When this occurs, the parasystolic and sinus 
pacemakers interfere with each other’s progress in 
the upper common pathway. 

Three similar cases have been previously reported. 
Langendorf and Mehlman# described blocked (non- 
conducted) A-V junctional extrasystoles which, by 
concealed A-V conduction and interference, mim- 
icked first and second degree A-V block. Schamroth 
and Surawicz! described interpolated A-V junctional 
extrasystoles and A-V junctional parasystole arising 
from the same pacemaker. Some of these impulses 
were blocked in both antegrade and retrograde fash- 
ion and hence were not evident electrocardiographi- 
cally; however, because of concealed A-V conduc- 
tion, they resulted in sudden “paradoxical”’ length- 
ening of the ensuing P-R interval, that is, a manifes- 
tation of interpolation. Rosen and Rahimtoola® re- 
ported pseudo-atrioventricular block secondary to 
premature nonpropagated His bundle depolariza- 
tions that were documented by His bundle electro- 
cardiography. 
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Continuous cardiac monitoring has been an integral 
part of the concept of the coronary care unit during 
the past decade, permitting physicians to observe 
the relation between premature ventricular complex- 
es and the occurrence of ventricular tachycardia and 
ventricular fibrillation. A greater incidence of ven- 
tricular tachycardia, ventricular fibrillation, and 
sudden death has been observed in patients with 
acute myocardial infarction complicated by frequent 
unifocal premature ventricular complexes, multifocal 
or paired premature ventricular complexes of any 
frequency and early cycle premature ventricular 
complexes with the R wave near or upon the apex of 
the preceding T wave (R on T phenomenon). Prompt 
action in treating these precursors of ominous ar- 
rhythmias has substantially lowered the mortality 
rate of hospitalized patients. 

Unfortunately, approximately 60 percent of the 
600,000 people who die annually of coronary heart 
disease die suddenly before reaching the hospital,' 
and there is increasing evidence to suggest that the 
mechanism of death in most of these instances is 
ventricular fibrillation.2 This evidence has prompted 
many investigators to explore methods whereby one 
would be able to (1) identify the high risk population 
subject to the development of coronary heart disease, 
(2) identify those within the high risk group subject 
to ventricular arrhythmias, and (3) evaluate effec- 
tiveness of therapy for these arrhythmias. 

Prognostic significance of premature ventricu- 
lar complexes: Ventricular premature complexes are 
commonly found during the routine examination of 
patients with known cardiac disease as well as 
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healthy young adults. A great deal of confusion ex- 
ists about their prognostic significance although they 
usually are regarded as benign when they occur in 
young adults free from overt clinical evidence of cor- 
onary heart disease. It is outside the scope of this ed- 
itorial to discuss all of the risk factors that may con- 
tribute to the development of coronary artery dis- 
ease, and we shall therefore limit outselves to the ex- 
amination of the possible prognostic significance of 
ventricular premature complexes. A variable will be 
considered significant if it is correlated with a higher 
incidence of ventricular tachycardia than the average 
incidence for the total patient series. 

Previous studies: Rodstein et al. studied 712 
people for an average period of 18 years after they 
had undergone a routine physical examination for in- 
surance purposes. No significant increase in mortali- 
ty rate over that of a control group without extrasys- 
toles was found in 604 people whose initial examina- 
tion demonstrated a variety of extrasystoles but no 
other cardiovascular abnormalities. However, an in- 
creased mortality rate occurred in 86 people with 
known cardiovascular abnormalities who had ven- 
tricular extrasystoles. The increase in mortality was 
greatest in patients demonstrating complex ventricu- 
lar extrasystoles (paired, multifocal, R on T, bigemi- 
ny or trigeminy). The study of Hinkle et al.* of 301 
actively employed men with a median age of 55 years 
revealed no correlation between premature supra- 
ventricular complexes alone and concurrent evidence 
of or subsequent death from coronary heart disease. 
In contrast, the occurrence of ventricular premature 
complexes was significantly correlated with the pres- 
ence of coronary heart disease at the time of the ini- 
tial examination and, in addition, with an increased 
risk of subsequent death from coronary heart dis- 
ease. In the Tecumseh, Michigan study® the adjusted 
death rate over a 6 year period was 61/1,000 people 
who demonstrated premature ventricular complexes 
during routine examination, and only 20/1,000 in a 
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similar group without premature ventricular com- 
plexes. More recently, Alexander et al.® reported re- 
sults of a 3 1/2 year follow-up study of 539 patients 
who had one or more premature ventricular com- 
plexes on the initial electrocardiogram. The mortali- 
ty rate was 17.1 percent in these patients compared 
with 10.7 percent in a matched control group with- 
out premature ventricular complexes. Particularly 
high mortality rates (approximately 40 percent) were 
noted in patients with premature ventricular com- 
plexes who complained of angina pectoris, demon- 
strated left ventricular hypertrophy or had a history 
of a previous myocardial infarction. Patients who 
demonstrated ventricular premature contractions in- 
duced or aggravated by exercise may have an in- 
creased risk of subsequent sudden death presumably 
due to ventricular fibrillation.’ 

Dynamic electrocardiography (Holter monitor- 
ing): The results of these various investigations 
should be evaluated cautiously since the presence or 
absence of ventricular premature complexes was, ex- 
cept for the study performed by Hinkle et al.,4 deter- 
mined only from standard electrocardiograms. Rou- 
tine electrocardiography provides inadequate infor- 
mation on the occurrence, frequency and characteris- 
tics of ventricular premature complexes since the 
sample obtained is extremely limited. Only 50 to 60 
cardiac cycles are usually obtained during the re- 
cording of a routine electrocardiogram, which of ne- 
cessity is performed with the patient resting in the 
recumbent position. Dynamic electrocardiography 
permits examination of as many as 140,000 cardiac 
cycles during a 24 hour period in the ambulatory pa- 
tient. The dynamic electrocardiogram is continuous- 
ly recorded on magnetic tape for up to 24 hours for 
subsequent detailed analysis. The incidence of ven- 
tricular premature complexes and ventricular tachy- 
cardia is undoubtedly greater in the general popula- 
tion than is indicated by routine office electrocardio- 
graphic studies. Many premature ventricular com- 
plexes occur while eating, smoking, or during periods 
of anxiety or effort, and the like, and it is therefore 
important that electrocardiographic activity be re- 
corded during all of these activities. With the larger 
data base provided by dynamic electrocardiography, 
the physician is able to classify premature ventricu- 
lar complexes as to frequency, number of foci, degree 
of prematurity and presence of pairing. Additionally, 
he can note the presence of other arrhythmias, con- 
duction abnormalities and ischemic repolarization 
changes. Therefore, continuous taped electrocardio- 
graphic recording of the ambulatory patient is the 
best available method for evaluating ventricular ex- 
trasystoles and their association with ominous ar- 


rhythmias such as paroxysmal ventricular tachycar- 
dia. 


Present Study 


The correlation between the presence of various 
ventricular arrhythmias and ventricular tachycardia 
has been determined in a series of dynamic electro- 
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FIGURE 1. Incidence of paroxysmal ventricular tachycardia in 
patients with unifocal premature ventricular complexes as a 
function of their frequency. 


cardiograms performed over the past 3 years.8:° A 
total of 1,673 ten hour dynamic electrocardiograms 
were obtained from 1,281 consecutive unselected pa- 
tients. The patients ranged in age from 9 to 96 years; 
98 percent of them were ambulatory out-patients. 
The study group consisted of 54 percent male and 46 
percent female patients. 

The medical indications for the studies included 
palpitations, weakness, syncope, seizures and undi- 
agnosed chest discomfort. Patients were also studied 
to evaluate electronic pacemaker function, efficacy of 
drug therapy and functional capacity after myocar- 
dial infarction. Patients kept careful diaries noting 
any symptoms or changes of activity during the re- 
cording period. All dynamic electrocardiograms were 
scanned for arrhythmias or morphologic variations, 
and all electrocardiographic abnormalities were cor- 
related with activities and symptoms as reported in 
the patient’s diary. A wide variety of abnormalities 
were observed; however, only the ventricular ar- 
rhythmias are analyzed here in detail. 

Results of study utilizing dynamic electrocardi- 
ography: Ventricular arrhythmias occurred in 783 
cases (61.1 percent). Paroxysmal ventricular tachy- 
cardia occurred in 58 (7.4 percent) of the 783 pa- 
tients who demonstrated ventricular arrhythmias. 
Only 5 of these 58 patients (8.6 percent) had symp- 
toms that correlated with the episodes of paroxysmal 
ventricular tachycardia. Paroxysmal ventricular 
tachycardia did not occur in patients demonstrating 
supraventricular arrhythmias or the R on T phenom- 
enon alone.?!° 

Figures 1 to 5 illustrate the correlations between 
the incidence of ventricular tachycardia and prema- 
ture ventricular complexes in relation to frequency, 
number of foci, pairing and the presence of R on T 
phenomenon. The data in Figure 1 indicate that uni- 
focal premature ventricular complexes are significant 
if they occur in a frequency greater than 12/min. On 
the other hand, paired premature ventricular com- 
plexes are significant at any frequency (Fig. 2). Sim- 
ilarly, multifocal premature ventricular complexes, 
whether single or paired, are significant at any fre- 
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FIGURE 2. Incidence of paroxysmal ventricular tachycardia in 
patients with unifocal premature ventricular complexes as a 
function of pairing, R on T phenomenon and frequency of pre- 
mature ventricular complexes. 


quency (Fig. 3 and 4). With both unifocal and multi- 
focal premature ventricular complexes, the incidence 
of ventricular tachycardia was greatest when both 
the R on T phenomenon and pairing occurred (Fig. 
5). However, an unexpected finding was the absence 
of paroxysmal ventricular tachycardia when the R on 
T phenomenon occurred without pairing! (Fig. 2 
and 4). 


Discussion 


Three basic mechanisms have been proposed?? for 
the genesis of ventricular ectopic rhythm: (1) reentry 
of the impulse due to temporary impairment of 
excitability or conductivity, or both, in the ventricu- 
lar tissues; (2) focal reexcitation caused by current 
flow between myocardial fibers depolarized and 
repolarized at disparate times; and (3) increased au- 
tomaticity in the His-Purkinje fibers. 

Ordinarily, premature ventricular complexes do 
not occur in normal myocardial tissues; however, in- 
jured or depressed tissues permit reentry of an im- 
pulse because of local impairment of excitability or 
conductivity, or both. This is the mechanism proba- 
bly responsible for the increased ventricular irritabil- 
ity observed in patients who have had an acute myo- 
cardial infarction or myocardial ischemia. Thus, the 
ischemic or injured myocardium is exposed to reen- 
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FIGURE 4. Incidence of paroxysmal ventricular tachycardia in 
patients with multifocal premature ventricular complexes as a 
function of pairing and R on T phenomenon. 
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FIGURE 3. Incidence of paroxysmal ventricular tachycardia in 
patients with multifocal premature ventricular complexes as a 
function of their frequency. 


try ventricular tachycardia, which is more likely to 
occur during the vulnerable period when the thresh- 
old for the development of ventricular tachycardia 
and ventricular fibrillation is at its lowest. Normal 
myocardial tissue or impaired (but not acutely isch- 
emic) tissue appears to be less vulnerable to the de- 
velopment of reentry ventricular tachycardia. 
Whether the development of ventricular tachycar- 
dia was due to enhanced reentry or increased auto- 
maticity in the patients in our study, the results 
clearly demonstrated that the greatest incidence of 
ventricular tachycardia in our ambulatory patient 
population occurred in those persons exhibiting fre- 
quent unifocal premature complexes, multifocal pre- 
mature ventricular complexes of any frequency and 
paired premature ventricular complexes. The results 
regarding the R on T phenomenon may at first 
glance appear contrary to the observations of Smirk 
and Palmer,t? Han and Goel!? and others; however, 
they are quite consistent with their observations. 
The majority of the patients of Smirk et al. exhib- 
ited the R on T phenomenon accompanied by multi- 
focal or paired ventricular premature contractions, 
or both. The apparently benign nature of the isolated 
R on T phenomenon in our ambulatory patients ap- 
pears to be due to the decreased vulnerability of the 
ventricular myocardium compared to that in pa- 
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FIGURE 5. Incidence of paroxysmal ventricular tachycardia in 


patients with multifocal premature ventricular complexes as a 
function of pairing, R on T phenomenon and frequency. 
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tients with acute myocardial ischemia or injury; 
therefore, progression to ventricular tachycardia or 
fibrillation does not occur. 

The potential clinical implications of these data 
are obvious. Dynamic electrocardiography is a more 
effective method than conventional electrocardiogra- 
phy in detecting patients with suspected or known 
paroxysmal cardiac arrhythmias. The larger sample 
provided by dynamic electrocardiography permits 
the detection of these events in a much greater pro- 
portion of the affected population, since more than 
90 percent of the patients with paroxysmal ventricu- 
lar tachycardia in our study manifested no symp- 
toms and the episodes were not detected by standard 
electrocardiography. All patients exhibiting prema- 
ture ventricular complexes on routine electrocardio- 
graphic examinations or those suspected of having 
premature ventricular contractions because of sug- 
gestive symptoms should have a dynamic electrocar- 
diogram performed during their usual activities to 
determine if they are at risk for paroxysmal ventric- 
ular tachycardia and, by implcation, sudden death. 


EDITORIALS 


It is additionally important to study patients who 
are recovering from an acute myocardial infarction 
before discharge from the hospital, since it is impos- 
sible to predict which of these patients are subject to 
ventricular arrhythmias on the basis of the presence 
or absence of these arrhythmias during the initial 
period of acute coronary care** or of the presence or 
absence of symptoms during the period after coro- 
nary care. Many of these patients will require antiar- 
rhythmic therapy, and the indications for such ther- 
apy will become broader as better antiarrhythmic 
agents become available. Our recommendation is 
that antiarrhythmic therapy should be considered for 
those patients demonstrating one or more of the fol- 
lowing: (1) unifocal premature ventricular complexes 
with a frequency greater than 12/min, (2) multifocal 
premature ventricular complexes of any frequency, 
and (3) paired premature ventricular complexes, 
whether unifocal or multifocal. We further believe 
that follow-up dynamic electrocardiograms provide 
the best assessment of the effectiveness of such ther- 


apy. 
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Addendum 


The following abstracts from the Twenty-Second Annual Scientific 
Session of the American College of Cardiology, San Francisco, Califor- 
nia, February 14-18, 1973 should be added to those printed in the Janu- 
ary 1973 issue of the Journal (Volume 31, pages 115-165). 


NATURAL HISTORY OF SEVERE ANGINA PECTORIS 
ON INTENSIVE MEDICAL THERAPY ALONE 

Henry I Russek, M.D., F.A. C. C., St. Barnabas 
Hospital, New York, N.Y. 


A five year prospective study has been carried out in 133 
patients with severe angina pectoris. All subjects 
initially experienced 14 to 50 episodes per week despite 
the use of nitroglycerin and long-acting nitrates. 
Diagnosis was confirmed by an unequivocal history, 
typical ischemic ECG patterns after exercise, previous 
myocardial infarction or cine-coronary angiographic 
evidence of advanced disease. At onset of study each 
patient was classified as "good risk" (GR) or "poor risk" 
(PR) on the basis of certain clinical and hemodynamic 
criteria related to left ventricular performance, pre- 
vious infarction, age and other factors. All patients 
were placed on a regimen designed to achieve optimum 
weight and normal levels of cholesterol and blood 
pressure, Medicinal treatment in all cases consisted of 
the combined administration of propranolol and 
isosorbide dinitrate. In 102 GR patients the five year 
mortality was 5.9 percent (1.2% per year); 22 episodes 
of myocardial infarction occurred during this period. 

In 33 PR patients myocardial infarction occurred in 24 
with a five year mortality of 67 percent. Striking sub- 
jective and objective clinical response was observed in 
92 percent of the total series. It would appear that the 
status of left ventricular function even in the presence 
of severe angina pectoris may provide an important 
prognostic index from which to judge the likelihood of 
benefit from surgical intervention. 
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BIOCHEMISTRY AND MORPHOLOGY OF EXPERIMENTAL OCCLUSIVE- 
AND ANCXIC-INDUCED MYOCARDIAL ISCHEMIA 

Arnold Schwartz, Ph.D., FACC; Robert M. Lewis; Julius C. 
Allen, Ph.D.; Mark L. Entman, M.D.; Edward P. Bornet, M. 
Se.; John L. McCans, M.D.; Jeanie M. Wood, Ph.D.; Y.S. 
Reddy, Ph.D.; L.E. Wyborny, Ph.D.; N.Y. Giri, Ph.D.; M.A. 
Goldstein, Ph.D., Baylor College of Medicine and Metho- 
dist Hospital, Houston, Texas 


The early biochemical changes involved in myocardial 
ischemia and infarction (MI) are unknown. Two canine 
models were prepared, acute and chronic occlusive (OMI) 
ligation of circumflex artery (LCA)] and anoxic MI 
(AMI) Lperfusion of the LCA with blood equilibrated with 
95% No-5% CO, 1]. The control for AMI consisted of perfu- 
sion with normal blogg yia a left femoral artery shunt. 
Contractility (peak reso, EKG, coronary flow, central 
aortic pressure were monitored. Samples of tissue from 
ischemic (I) and non-ischemic areas (NI) were processed 
when was depressed, for Nat ,Kt-ATPase (NKA), mito- 
chondria (M), sarcoplasmic reticulum (SR), actomyosin (A) 
and native tropomyosin (NT). Early lesions (12-60 min.) 
in OMI were in M, SR and NT but not in A, SR was defec- 
tive in release of calcium (35-82%) but not in binding. 
NT lost calcium sensitivity; carnitine palmityltransfer- 
ase (CPT), a fatty acid transport enzyme in M, was de- 
pressed (one day, 60%) concomitant with a depression of 
respiratory control (RC) of 50%. NKA was depressed only 
after 7 days of OMI (30%). Early loss of contractility 
in AMI but not OMI was not associated with a significant 
SR defect but with CPT depression (30%) without RC 
change. Ultrastructural studies of left anterior papil- 
lary muscle from OMI, 3-8 days postligation, revealed 
disruption of Z and I band, appearance of “pseudo N band" 
no change in SR, reduced matrix of M and dense bodies in 


M. Early biochemical defects in OMI and AMI may be dif- 
ferent; central role of calcium in MI is stressed. 
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over the years. 


Processing? Simple and quick. | 
Linagraph 1930 Paper goes through the same 

Kodak RP X-Omat Processor already used for x-ray 
film in your affiliated hospital. No need to 

change chemicals or adjust the machine. 

Time required? As little as 90 seconds! 

If necessary, it can also be tray processed. 

Want more details? 

Just fill in the coupon. 


That’s also a good start. 














EASTMAN KODAK COMPANY 
Department 412L, Rochester, N. Y. 14650 
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CARDIAC ARRHYTHMIAS 
The 25th Hahnemann Symposium 


Edited by Leonard S. Dreifus, M.D. and William Likoff, 
M.D. Anatomists, physiologists, and clinicians — who 
have all made major contributions to the understanding 
of cardiac electrophysiology and the prevention of sud- 
den death due to electrical failure of the heart — gather 
in sharp focus all recent advances. Integrating basic 
electrophysiological knowledge with useful clinical in- 
formation, the Wolff-Parkinson-White syndrome is eluci- 
dated and cardiac pacing is explored. The Contents in- 
clude: Pathophysiology of Impulse Formation and Con- 
duction; AV Conduction; Subjunctional Conduction; 
Wolff-Parkinson-White Syndrome; Pharmacology of 
Antiarrhythmic Agents; Management of Cardiac Ar- 
rhythmias; Cardiac Pacemakers. 


March 1973 704 pp. 


THE MANAGEMENT OF 
NEONATES AND INFANTS 
WITH CONGENITAL 
HEART DISEASE 


By Donal M. Billig, M.D. and Marshall B. Kreidberg M.D. 
Foreword by Denton A. Cooley, M.D. A compendium of 
medical and surgical techniques currently available, 
this book has an extensive, up-to-date bibliography and 
most importantly, concise coverage of all facets of the 
problems in each lesion. 

The contents include: Cardiac Failure. Cyanosis. Car- 
diac Catheterization. Anesthetic Management. Postop- 
erative Respiratory Care. Physiologic Parameters in 
Intra- and Post-operative Management. Coarctation of 
the Aorta and Interruption of the Aortic Arch. Patent 
Ductus Arteriosus. Ventricular Septal Defect. Tetralogy 
of Fallot. Transposition of the Great Vessels. Tricuspid 
Atresia. Total Anomalous Pulmonary Venous Return. 
Pulmonary Atresia and Pulmonary Stenosis with Intact 
Ventricular Septum. Atrioventricular Canal. Vascular 
Ring. Persistent Truncus Arteriosus. Left Heart Anoma: 
lies. Coronary Artery Anomalies. 


March 1973 192 pp. 


$29.75 


$12.75 








NEONATAL HEART DISEASE 


Edited by William F. Friedman, M.D., Michael Lesch, 
M.D., and Edmund H. Sonnenblick, M.D. Including ma- 
terial on pediatric cardiology, the editors have covered 
the field in breadth and depth. The contents include: 
Pathogenic Mechanisms in Congenital Cardiovascular 
Malformations; The Intrinsic Physiologic Properties of 
the Developing Heart; Effects of Congenital Heart Dis- 
ease on Fetal and Neonatal Circulation; Pathogenesis 
of Congeniatal Atrioventricular Block; Recognition and 
Management of Cardiologic Problems in the Newborn 
Infant; Hemodynamic Investigation of Congenital Heart 
Disease in Infancy and Childhood; Perioperative Man- 
agement of the Infant with Congenital Heart Disease; 
Complete Correction of Cardiovascular Malformations 
in the First Year of Life; Cardiomyopathies in Infants 
and Children; Palliative Surgery; Noninvasive Tech- 
niques in Pediatric Cardiovascular Disease. A Progress 
in Cardiovascular Diseases reprint. 


April 1973 est. 368 pp. est. $18.50 


CEREBRAL VASCULAR 
DISEASES 


Eighth Conference 

Edited by Fletcher McDowell, M.D. and Robert W. Bren- 
nan, M.D. Presenting current knowledge of cerebral 
vascular diseases in depth, this volume includes: Extra- 
cranial Arterial Surgery in the Treatment of Stroke; Co- 
operative Aneurysm Project; Randomized Treatment 
Study; Pathology, Vascular Changes, Cerebral Meta- 
bolism, Pathophysiology and Reversibility of Cerebral 
Ischemia; Newer Methods for the Study of Cerebral 
Blood Flow, latrogenic Cerebral Ischemia Following 
Cardiac Surgery; Angiotomography; The Platelet as an 
Inflammatory Cell; The Clinical Effects on Symptoms 
of Cerebral Ischemia by Agents Which Affect Platelet 
Adhesiveness. 


Jan. 1973 336 pp. illus. $12.50 


Grune & Stratton, 111 Fitth avenue, New York, N.Y. 10003 
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ME DI-TEK 
CARDIAC ANALYZER 


Acts like a computer 

Unprecedented innovation 
uniquely designed to auto- 
matically detect and analyze 
all arrhythmias and conduc- 
tion defects with audible ard 
visible alert system. Sur- 
passes all existing monitors! 


Standalone single patient 
processor and Console desk 
top multi-processor function 
as primary units or supple- 
ments to present monitors 
in CCU/ICU .. . also signifi- 
cant in stepdown, emer- 
gency room and CCU/ICU 
overflow areas 


PHONE: 1 (609) 858-8811. 


Please send me full information on the DEPT. AJC-13 


cn MEDI-TEK CARDIAC ANALYZERS 


Please have your representative call 


MEDISCIENCE TECHNOLOGY CORP. 
25 Lees Ave., Collingswood, N. J. 08108 
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Hospital Affiliation 


Address 
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QRS HEIGHT FREEZE 





LIFEPAK 3 freezes 
the bouncing bail! 





Physio-Control’s new LIFEPAK 3 
is the first and only portable DC 
defibrillator/cardioscope to offer a 
non-fade display for quicker, easier 
reading in emergency situations. It 
has a larger scope than most other 
portables. It’s the only defibrillator 
with push-button charge control 
right on the paddles. Best of all, 
LIFEPAK 3 has all of the outstand- 
ing qualities of its cousin, LIFE- 
PAK 2. LIFEPAK 2 is the smallest, 
lightest, most rugged and versatile 
instrument of its kind available 
today. It performs more coronary 
diagnostic and treatment functions 
than any portable defibrillator made. 
It has Physio-Control’s exclusive 
Quik-Look® feature . . . instantane- 
ous ECG readings by means of de- 
fibrillator paddles that function as 
monitoring electrodes. Other fea- 
tures include: built-in synchronizer, 
optional FM modulator for transmit- 
ting ECG signals by telephone, and 
mobile charge-pak. 








The best way to find out which 
of the LIFEPAK cousins is best 
suited to your specific application 1s 
to talk it over with the world’s lead- 
ing manufacturer of defibrillators: 
Physio-Control Corporation, 2607 
Second Avenue, Seattle, Wash. 
98121. Phone (206) 624-4824. Telex 
32-0166. Cable: Physio-Sea. 





C Physio-Control 


Quik-Look is a registered trademark of the Physio-Control 
Corporation. Quik-Look feature patented under U.S. Patent 
No. 3,547,108. 
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System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data' show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 
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WASCOPE SYSTEM a0 


„e r 


Mobile. With Battery-powered, synchronized ** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

**U_.S. Patent 43,347,452 


Datascope System 80 
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LETTERS TO THE EDITOR 


eee 


SIMPLE DIAGRAM FOR PRESENTING CORONARY 
ARTERIOGRAPHIC AND VENTRICULOGRAPHIC 
FINDINGS 


Since the advent of selective coronary arteriography and 
the introduction of direct coronary arterial surgery, it has 
become increasingly apparent that a practical and simple 
method of presenting the coronary arteriographic and left 
ventriculographic findings is needed for ready reference by 
the arteriographer and the referring cardiologist and car- 
diac surgeon. 

I propose a simple, practical but accurate method of dia- 
gramming both coronary arteriographic findings and 
those of left ventriculography in 1 illustration (Fig. 1). 
The right anterior oblique view is chosen because both the 
coronary arteries and the left ventricular cavity are best 
depicted in this projection. The diagram shows not only 
the coronary arteries and their tributaries, various sites of 
obstructive lesions and their severity, and presence and 
absence of antegrade or retrograde collateral filling, but 
also the essential features of a left ventriculogram: abnor- 
mal patterns of contraction including hypokinesis, akin- 
esis and dyskinesis, location and size of mural thrombus, 
and presence of any associated mitral regurgitation. The 
diagram can be preprinted on a report form or made into 
astamp. 

This method of presentation has several advantages. 
(1) All the arteriographic and ventriculographic findings 
can be combined into 1 composite diagram. (2) Different 
sites and degrees of obstruction in both the left and 
right coronary arteries and their tributaries can be readily 
drawn in on the preprinted diagram. Since estimation 
of narrowing cannot reasonably be closer than 25, 50, 75 
or 95 to 100 percent, it is sufficient to use 4 parallel 
lines each representing 25 percent. A 100 percent occlu- 
‘sion is depicted by 4 parallel solid lines, and a 95 percent 
occlusion by 3 parallel solid lines and a fourth interrupted 
line. (3) All the collaterals can be shown at the same 
time. A complete arrow with both head and butt denotes a 
vessel with collateral filling beyond the obstruction, and 
the direction of the arrowhead indicates whether filling is 
antegrade or retrograde. (4) Any disorder of ventricular 
contraction can be indicated on the sketch: 0 = akinesis, 
| = hypokinesis, and <> = dyskinesis. The sketching can 
provide both qualitative and quantitative data, indicating 
the latter by the number of symbols covering the extent of 
the abnormal ventricular movement. (5) The location and 
size of a mural thrombus can be clearly indicated. (6) If 
there is associated mitral regurgitation, it is indicated by 
a curved arrow, the curve denoting the direction of the re- 
gurgitant flow, superiorly in case of anterior papillary 
muscle dysfunction and inferiorly in posterior papillary 
muscle dysfunction. (7) No numbers or lettering but only 
self-explanatory symbols are used throughout the di- 
agram. | 

Thus, Figure 1 shows 25 percent narrowing in the 
proximal third, and 100 percent occlusion in the middle 
third, of the right coronary artery with antegrade collater- 
al filling of the posterior descending branch. In the left 
coronary artery there are (1) 95 percent occlusion in the 
proximal left anterior descending branch between the first 





FIGURE 1. Composite diagram of areteriographic and ventriculographic findings. 


and second septal perforators with antegrade collateral 
filling of the distal segment, (2) 50 percent narrowing at 
the origin of the diagonal branch, (3) 75 percent narrow- 
ing of the proximal circumflex artery before the origin of 
the obtuse marginal branch, and (4) 100 percent ob- 
struction of the proximal end of the obtuse marginal 
branch of the circumflex artery with retrograde filling. 
The ventriculogram shows akinesis of the entire anterolat- 
eral wall, dyskinesis of the apex, mild hypokinesis of the 
apicodiaphragmatic surface, marked hypokinesis of pos- 
terobasal wall, a small mural thrombus at the apex, and 
mitral regurgitation due to posterior papillary muscle dys- 
function. 
Tsung O. Cheng, MD, FACC 
Division of Cardiology 
George Washington University 
Medical Center 
Washington, D. C. 


PULMONARY WEDGE CATHETER 


In response to the recent article by Grollman and his co- 
workers,! we recognize the importance of the pulmonary 
capillary wedge pressure measurement in the patient 
undergoing diagnostic pulmonary arteriography or, for 
that matter, any right heart catheterization. However, we 
point out that specially designed catheters and the aid of 
“fairly stiff guide wires” as well as “tip deflectors” are not 
necessary in obtaining wedge pressure, and in many in- 
stances are hazardous to use. During the same data col- 
lection period reported by Dr. Grollman (3 years to obtain 
information on 50 patients), we have utilized the percuta- 
neous femoral vein approach to the right heart chambers, 
including the pulmonary venous wedge position, in more 
than 1,200 patients who underwent selective coronary ar- 
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teriography. Our failure rate in obtaining the wedge pres- 
sure has been less than 1 percent usng a standard no. 7F 
Lehman catheter with a right heart curve. We have en- 
countered little difficulty in entering the right heart 
chambers or the pulmonary artery and wedge positions 
without the aid of guide wires or tip deflectors. In addi- 
tion, we consider it dangerous as well as unnecessary to 
advance a catheter to the wedge position over a guide 
wire, since it is possible to introduce clots of blood from 
this catheter into the distal pulmonary arterial bed. It 
also raises problems in attempting to flush the catheter so 
that an adequate pressure can be obtained. In normal pa- 
tients, when the end-hole catheter is wedged deeply into a 
pulmonary artery, it is frequently not possible to draw 
blood. In patients with very high levels of left atrial pres- 
sure, one frequently can draw back on the syringe that is 
attached to the wedged catheter. However, we almost 
never have any reason to draw blood back from the cathe- 
ter once it has been put into the wedge position, since it 
should be well flushed before being placed in that posi- 
tion. Furthermore, subsequent findings on pulmonary ar- 
teriography or isotope scanning may be falsely interpreted 
as indicating blocked areas of blood vessels in the area 
after a catheter has been wedged in this distal vessel.? 

We would be interested in Dr. Grollman’s comments as 
to why he just does not use a no. 7F Lehman catheter 
with a right heart curve, which has been in use for many 
years and has been the catheter used in our laboratory for 
several years in obtaining complete right heart catheter- 
ization using the percutaneous femoral vein approach. 


Robert H. Peter, MD, FACC 
Victor S. Behar, MD 
Yihong Kong, MD, FACC 
Alan G. Bartel, MD 
Cardiovascular Laboratory 
Duke University Medical Center 
Durham, North Carolina 
References 
1. Groliman JH Jr, Price JE Jr, Gray RK: Percutaneous transfemoral right heart 
catheterization: the pulmonary wedge catheter. Amer J. Cardiol 30:646-647, 
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2. Personal observation 


THE AUTHOR REPLIES 


We also have used woven Dacron + catheters such as the 
Lehman and Goodale-Lubin for right heart catheterization 
from the percutaneous femoral vein route. However, we 
developed a new approach not because of any particular 
complication but because the basic concept of the percu- 
taneous technique involves using a catheter with a ta- 
pered tip and passing it over an appropriate guide wire. 
The woven Dacron right heart catheters are not tapered 
and, if used, should be passed through a thin wall sheath 
as described by Desilets et al.1 It must be emphasized 
that the internal diameter of the no. 7F thin wall Lehman 
catheter is 0.058 inch, which results in a considerable 
gap between the catheter tip and conventional guide wires 
measuring 0.035 inch in diameter. Even though the femo- 
ral vein is remarkably tolerant to catheterization proce- 
dures, I do not think it advisable to enter without a cathe- 
ter that is reasonably tapered to the guide wire because 
hemorrhage from a lacerated vessel is difficult to stop 
without direct suture. Even our 0.045 inch internal tip di- 
ameter necessitates careful dilatation. 


I am impressed by the considerable experience of Dr. 
Peter and his group in over 1,200 patients but doubt that 
we will switch to his catheter because the use of a sheath 
adds just one more technical problem to the procedure. 
Our more limited experience is based on the fact that our 
routine approach to right heart catheterization in cardiac 
disease is by cutdown on a vein in the antecubital fossa, 
the femoral approach being used only occasionally. I 
would agree that the woven Dacron catheters are the 
catheters of choice in the brachial approach. 

I also agree that guide wires are thrombogenic as are 
catheters themselves but with meticulous technique, im- 
portant in any angiographic procedure, may be used safely 
as we do with selective arteriographic studies. However, 
we did not mean to emphasize that the use of a “fairly 
stiff guide wire” was commonplace in obtaining the wedge 
position. In certain cases, particularly when the right atri- 
um is significantly enlarged, the wedge position can be 
obtained only by use of a stiffening guide wire to prevent 
coiling in the right atrium whether approaching from the 
arm or leg. Of course, one must be careful not to pass this 
guide wire out beyond the catheter tip, and it should not 
be left in place any longer than 30 seconds. We have re- 
cently begun heparinization of patients during percuta- 
neous studies, and our preliminary experience confirms 
the safety and reduction of arterial thrombotic complica- 
tions as noted by Wallace et al.2 Heparinization was not 
used in the cases reported by us, but I think it is a good 
idea if there are no specific contraindications in the patient 
being studied. 

I appreciate Dr. Peter’s comments, realizing that cathe- 
terization techniques with both their successes and fail- 
ures influence each of our personal methods and must be 
respected. His success in 1,200 cases emphasizes the need 
for reporting what appears to be a relatively simple but 
worthwhile technique. Another description, by Bourassa, 
of a preformed polyethylene catheter used for obtaining the 
wedge position from the femoral vein has recently come 
to our attention and warrants mention here. Still another 
technique described to me personally involves use of a Gen- 
sini positrol catheter which because of its excellent torque 
control allows rapid catheterization of the pulmonary 
artery. However, wedging is usually impossible because 
the catheter is too stiff. The number one merit of our cathe- 
ter when compared to others has been the minimum of 
manipulation necessary while still being able to wedge. 


J. H. Grollman, Jr., MD 
Department of Radiology 
The Center for the Health Sciences 
University of California 
Los Angeles, California 
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DR. PETER RESPONDS 


In reply to Dr. Grollman, I would like to add an important 
point not mentioned in my original letter. We rarely use a 
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sheath, as described by Desilets et al., to facilitate intro- 
duction of a catheter into a vessel. We do use to dilate the 
vessel (both arterial and venous) the Teflon® “dummy” 
catheter, which is 8 inches long and is flared in its proxi- 
mal end with the distal tip tapered to pass over a 0.035 
inch spring guide. Once we put the spring guide into the 
vessel by means of a no. 18 thin-wall needle, the needle is 
then removed and the “dummy” catheter placed over the 
spring guide into the vessel which dilates this vessel for 
very easy introduction of either a no. 7F Lehman or a no. 
8F Gensini catheter. The “dummy” catheter is sold by 
USCI catalog no. 7058, but can easily be made from a roll 
of no. 8 Teflon tubing. 

To the best of my knowledge, we have not torn any 
vessel or had to apply pressure to the vein for more than 10 
minutes to stop bleeding. We use this same approach 
when using the brachial vein and rarely perform a cut- 
down on this vessel unless the vein cannot be entered 
using the percutaneous nonsheath method. 

Perhaps our original letter should be amended as fol- 
lows: To facilitate putting a blunt-ended no. 7F Lehman 
catheter into the femoral vein, a no. 8 Teflon “dummy” 
catheter (USCI no. 7058), which has a tapered distal tip, 
is placed over the wire and used to dilate the vessel. After 
this is removed, the no. 7 Lehman catheter is then placed 
over the spring guide wire and easily put into the femoral 
vein. We rarely use a sheath. The same technique is used 
in placing catheters in the brachial vein and in the femo- 
ral artery. 


Robert H. Peter, MD, FACC 


LETTERS TO THE EDITOR 


INFARCTION AFTER CORONARY ARTERIOGRAPHY 


The article by Cheng et al. (Cheng TO, Bashour T, Singh 
BK, et al: Myocardial infarction in the absence of coro- 
nary arteriosclerosis. Amer J Cardiol 30:680-682, 1972) is 
difficult to evaluate because of the paucity of data provid- 
ed. Unfortunately, articles dealing with coronary angio- 
graphic findings can present only a few single cine frames. 
Clearly, no angiographer would restrict himself to such a 
limited glimpse of the coronary anatomy. Nevertheless, I 
believe the following criticism is justified by the data pre- 
sented. The left circumflex coronary arterial lesion shown 
appears to be near or just distal to the origin of the obtuse 
marginal branch of that vessel. The authors state that the 
patient had electrocardiographic and enzyme changes 
characteristic of inferior (diaphragmatic) myocardial in- 
farction. Yet, no pictures of the blood supply to the dia- 
phragmatic portion of the left ventricle are provided. 
From the pictures shown, one must assume that the pos- 
terior descending artery arose from the right coronary ar- 
tery or that it is totally occluded in both pictures. 

As the authors imply, this patient does present a defi- 
nite diagnostic and therapeutic problem, and further re- 
search is needed to illuminate this complex problem. In- 
deed, the authors have described a case of acute myocar- 
dial infarction following coronary arteriography, but the 
information provided is insufficient to justify speculation 
about the functional significance of the coronary lesion 
shown. 


Charles P. Riley, MD 
Pensacola, Florida 
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Progress in Cardiology, edited by Paul N. Yu, MD and 
John F. Goodwin, MD. Philadelphia, Lea & Febiger, 
1972, 283 pages. 


This is the first in a planned series of volumes presenting 
critical reviews of recent advances, current practice and 
future trends in cardiology. The current volume consists 
of 10 reviews, 6 originating in the United States, 4 in 
Great Britain. Future issues will maintain this interna- 
tional flavor, and the editors expect to include contribu- 
tions from other countries as well. 

The articles are generally excellent, thorough and up to 
date. However, as in most works by many authors, there 
is considerable variation in the quality of writing and the 
level of sophistication. Although the topics are unrelated, 
they are all in areas of current active study and of impor- 
tance to the clinician. 

Perhaps the best sections are the critical discussion by 
Mason, Zelis, Amsterdam and Massumi of the multitude 
of techniques and formulas for the clinical determination 
of left ventricular contractility and a fine analysis by 
Weissler, Lewis and Leighton of systolic time intervals as 
a measure of left ventricular performance. The article on 
drug interaction in cardiovascular disease summarizes 
well the increasingly complex problems of multiple drug 
use. This discussion should be read, and probably memor- 
ized, by every practicing physician. 

Although these essays are advertised as critical reviews, 
some tend to present controversial opinions as fact. For 
example, in the section on the operative management of cor- 
onary arteriosclerosis, Favaloro includes “myocardial in- 
farction without cardiogenic shock” as an indication for 
immediate coronary arteriography and possible saphenous 
vein bypass surgery. One wonders if the editors agree with 
this opinion. And should they not, in some way, warn the 
uninformed reader, on an issue of this importance, that 
the author’s position is one which is not now generally ac- 
cepted? One possible approach in future volumes might 
be to have experts from several countries address them- 
selves to the same topic. 

Other topics presented include computers in cardiology, 
the genesis of arrhythmias in acute myocardial infarction, 


the clinical pharmocology of antiarrhythmic agents in 
acute myocardial infarction, control of the venous system 
in man, treatment of tetralogy of Fallot and pulmonary 
edema. 

This book is highly recommended to all those with an 
interest in current trends in clinical cardiology, from the 
level of the senior medical student to that of the practic- 
ing internist or cardiologist. Those actively involved in the 
individual areas discussed will probably find nothing new 
here. Dates for subsequent issues have not yet been set, 
but if the level of this initial volume is maintained, I look 
forward to future volumes with great interest. 


Phillip Kuslansky, MD 
Great Neck, New York 


Introduction to Electrocardiography, second edition, by 
Thomas M. Blake. New York, Appleton-Century-Crofts, 
1972, 218 pages, $7.50 


Recent years have brought us a number of books designed 
to provide an introduction to electrocardiology. This book 
has several attributes that make it as good or better than 
many. It is concise and deals more with concepts and prin- 
ciples than with minute details and criteria. The student 
is presented with a modern vectorial concept that relates 
the anatomic position and the physiologic action of the 
heart with the electrical tracing produced. With this foun- 
dation of understanding, the most complex problems of 
interpretation can be reasoned out. 

The text handles the material logically and adequate 
diagrams and instructive pictorial analogies are used. My 
only reservation concerns the brevity of presentation of cer- 
tain basic physiologic explanations, which require some 
background information if the reader is to come away with 
the full lesson. 

The book is designed for medical students and house staff 
but would certainly be helpful to any generalist as a quick 
refresher. 


L. J. Klecatsky, MD 
New Rochelle, New York 
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REVIEWS IN CARDIOLOGY* 


ANGINA PECTORIS 


Diagnostic problems in coronary heart disease. 
Q Med Rev 22:1-38, Jan 72 (65 ref.) 


AORTOCORONARY BYPASS 


Coronary bypass operations for ischemic heart disease. 
Kouchoukos NT, et al. 
Mod Concepts Cardiovasc Dis 41:47-51, Oct 72 (24 ref.) 


ARRHYTHMIA 


Current status of cardiac pacing. Salerni R, et al. 
DM 5-32, Oct 72 (31 ref.) 


ARTERIOSCLEROSIS 


Risk factors in the pathogenesis of atherosclerotic 
heart disease and generalized atherosclerosis. Taylor 
CB, et al. 

Ann Clin Lab Sci 2:239-43, May-Jun 72 (35 ref.) 

Atherogenicity of peanut oil in the rabbit. 
Nutr Rev 30:70-2, Mar 72 (8 ref.) 


CARDIOVASCULAR SYSTEM 


Drowning and the diving reflex in man. Gooden BA. 
Med J Aust 2:583-7, 9 Sep 72 (31 ref.) 

The cardiovascular effects of oral contraceptives. 
Wood JE. 

seh Concepts Cardiovase Dis 41:37-40, Aug 72 (13 
ref. 


CORONARY DISEASE 


Heart disease in the tropics. Miall WE, et al. 
Br Med Bull 28:79-86, Jan 72 (80 ref.) 

Cardiovascular disease in the tropics. IV. Coronary 
heart disease. Shaper AG. 
Br Med J 4:32-5, 7 Oct 72 (82 ref.) 

Physical activity and cardiovascular health. 3. The 
exercise prescription: frequency and type of activity. 
Fox SM 3d, et al. 

Mod Concepts Cardiovasc Dis 41:25-30, Jun 72 (38 ref.) 

Physical activity and cardiovascular health. I. Potential 
for prevention of coronary heart disease and possible 
mechanisms. Fox SM 3d, et al. 

Mod Concepts Cardiovasc Dis 41:17-20, Apr 72 

Physical activity and cardiovascular health. II. The 
exercise prescription: intensity and duration. Fox SM 
3d, et al. Mod Concepts Cardiovasc Dis 41:21-4, May 72 

Coronary bypass operations for ischemic heart disease. 
Kouchoukos NT, et al. 

Mod Concepts Cardiovasc Dis 41:47-51, Oct 72 (24 ref.) 

Precursors and prevention of coronary artery disease. 
An overview. Barrow MV, et al. 

Mod Treat 9:357-73, May 72 (77 ref.) 

Dietary fibre and coronary heart disease. Trowell H. 

Rev Eur Etud Clin Biol 17:345-9, Apr 72 (35 ref.) 


DIET 


Dietary fibre and coronary heart disease. Trowell H. 
Rev Eur Etud Clin Biol 17:345-9, Apr 72 (35 ref.) 


HEART CATHETERIZATION 


Manual on cardiac catheterization in adults with 
acquired and congenital heart disease. Ramsey HW, et 
al. Mod Treat 9:323-53, May 72 


HEART DEFECTS, CONGENITAL 


Manual on cardiac catheterization in adults with 
acquired and congenital heart disease. Ramsey HW, et 
al. Mod Treat 9:323-53, May 72 


A Cooperative Program of the American College of Cardiology and the National Library of Medicine 





Cardiac surgery in early infancy. Stark J. 
Postgrad Med J 48:478-85, Aug 72 (41 ref.) 


HEART DISEASES 


Risk factors in the pathogenesis of atherosclerotic 
heart disease and generalized atherosclerosis. Taylor 
CB, et al. } 
Ann Clin Lab Sci 2:239-43, May-Jun 72 (35 ref.) 

Manual on cardiac catheterization in adults with 
acquired and congenital heart disease. Ramsey HW, et 
al. Mod Treat 9:323-53, May 72 

Hematologic effects of cardiac disease. Maurer HM. 
Pediatr Clin North Am 19:1083-93, Nov 72 (50 ref.) 


HYPERTENSION 


Medical management of primary hypertension (first of 
three parts). Page LB, et al. 
N Engl J Med 287:960-7, 9 Nov 72 (93 ref.) 
Medical management of primary hypertension . 3. Page 
LB, et al. N Engl J Med 287:1074-81, 23 Nov 72 (86 ref.) 


HYPERTENSION, PULMONARY 


Primary and chronic thromboembolic pulmonary 
hypertension. Nosologic spectrum. Trell E. 
Angiology 23:558-74, Oct 72 (188 ref.) 


ISCHEMIA 


Anaerobic energy metabolism in brain tumors. Kirsch 
WM, et al. 
Prog Exp Tumor Res 17:163-91, 1972 (52 ref.) 


LYMPHEDEMA 


Lymphedema. Stone EJ, et al. 
Surg Gynecol Obstet 135:625-31, Oct 72 (75 ref.) 


MYOCARDIAL DISEASES, PRIMARY 


Heart disease in the tropics. Miall WE, et al. 
Br Med Bull 28:79-86, Jan 72 (80 ref.) 

Clarification of the cardiomyopathies. Goodwin JE. 
Mod Concepts Cardiovasc Dis 41:41-6, Sep 72 (18 ref.) 


MYOCARDIAL INFARCT 


Diagnostic problems in coronary heart disease. 
Q Med Rev 22:1-38, Jan 72 (65 ref.) 


NOREPINEPHRINE 


Release of neurotransmitters and their interaction 
with receptors. Hall ZW. 

Annu Rev Biochem 41:925-52, 1972 (190 ref.) 
Role of brain norepinephrine and serotonin in the tonic 
and phasic regulation of hypothalamic hypophyseal 
adrenal axis. Scapagnini U, et al. 

Arch Int Pharmacodyn Ther 196:Suppl 196:205+, Apr 
72 (44 ref.) 


SEROTONIN 


Role of brain norepinephrine and serotonin in the tonic 
and phasic regulation of hypothalamic hypophyseal 
adrenal axis. Scapagnini U, et al. 

Arch Int Pharmacodyn Ther 196:Suppl 196:205+, Apr 
72 (44 ref.) 


VASCULAR DISEASES 


Advances in the treatment of peripheral vascular 
disease. Gillespie JA. 
Practitioner 209:519-27, Oct 72 (21 ref.) 


* Citations obtained from the Nationa! Library of Medicine’s MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Amer J Cardiol 28: 366-367, 1971). 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


President’s Page 





DR. SWAN 


As President, | wish to present my views 
on four important matters that should be 
a major concern of the American College 
of Cardiology during the calendar year 
1973. Of these, one—Heart House—will 
be considered in detail herein. The others 
will be considered in subsequent issues 
of the President's Page for 1973. They 
will include discussions relative to the 
following issues: 


First: The inherent purpose of the Col- 
lege has been the continued education 
of those physicians concerned with cardio- 
vascular disease who wish to avail them- 
selves of the optional programs made 
available by the College. Now, however, 
social forces are rapidly being defined 
which will greatly affect the circumstanc- 
es of our professional lives in the near fu- 
ture. These include the development of 
standards, certification in a specialty and 
subspecialty, control, compensation and 
perhaps a designation of location of a 
practice for the physician. The College of 
Cardiology must be concerned to a great- 
er or lesser extent with all professional 
aspects of the lives of those physicians 
who are dominantly involved in the treat- 
ment of patients with cardiac and vascu- 
lar diseases. 


Second: The basis of the College mem- 
bership requires reevaluation. The great 
majority of physicians who care for pa- 
tients with heart disease are not mem- 
bers of our College. Would an expanded 
affiliate category meet some of the pro- 
fessional needs of these physicians? 
Should our educational activities be con- 


sidered in the light of the increasing edu- 
cational needs of primary cardiologists 
and the majority of physicians who are 
not members of our College? The logisti- 
cal impact of the provision of such ex- 
panded educational programs must em- 
body new concepts and techniques to 
identify necessary standards, to ensure 
education programs that will permit the 
dedicated physician to attain these stan- 
dards and to continue to protect quality of 
practice. Many such programs at the re- 
gional and local level may become a re- 
sponsibility of the Governors of the Col- 
lege and involve in a collaborative man- 
ner our sister organization, the American 
Heart Association, and its affiliates. A co- 
operative and healthy attitude based upon 
mutual respect now exists between these 
two organizations and must be enhanced 
for the future benefit of our profession. 


Third: The process by means of which 
the principal officers in our College are se- 
lected is in need of reevaluation and 
modification. The short span of two years 
of office (President-Elect and President) 
is insufficient for important programs to 
be considered, implemented and accom- 
plished. 


Fourth—Heart House: The concept of 
creating a physical home for the College 
—Heart House—to provide a national 
educational center and administrative 
headquarters arose a number of years 
ago. At present, our organization rents 
office space on a year to year basis from 
the Federation of American Societies for 
Experimental Biology at their national of- 
fice in Bethesda. The space we occupy is 
entirely utilized in the administrative op- 
eration of the College. The relationship be- 
tween the College administrative staff and 
the Federation staff is most cordial, and 
we are indebted to the Federation in many 
ways. However, the space available is 
Strictly limited and cannot be increased, 
and it is anticipated that member societies 
of the Federation will require the space 
occupied by the College for their own pur- 
poses. This lack of administrative space 
virtually precludes the expansion of any 
of our existing programs or the initiation 
of any new substantive programs. Hence, 
these pressing practical considerations, 
as well as the need for a collegiate head- 
quarters and educational center, require 
that the development of Heart House pro- 


ceed as expeditiously as possible. 
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Building construction costs are in- 
creasing at a rate of 8 to 10 percent a 
year in the Washington, D. C. area. As- 
suming the sum of $2.5 to $3.0 million as 
our building cost, including architects’ 
fees and landscaping, we would have to 
receive cash contributions in excess of 
$20,000 a month to keep even with in- 
creasing building costs. Hence, a pro- 
longed financial campaign to raise the 
total sum of money necessary as cash- 
in-hand would be self-defeating. 

For this reason the Board of Trustees 


. approved at its meeting in Dallas on No- 


vember 17, 1972 a resolution that specif- 
ic construction plans should be developed 
with a sufficiency of delete options so 
that ground breaking can be accom- 
plished within our current resources and 
reasonable estimates of new monies 
within the shortest possible time. We 
clearly need to provide for ourselves a 
College headquarters of fitting dignity 
with appropriate administrative space for 
College operations and management of 
the various currently operational educa- 
tional programs of the College, anticipat- 
ing an expanded educational effort in the- 
next 5 to 8 years. In addition, we will build 
a 60-seat classroom, 6 conference 
rooms, a library and roughed-in space for 
an audio-visual production center. This 
educational wing will be utilized for con- 
ferences, seminars and individual learn- 
ing opportunities. Of particular signifi- 
cance to regional program development 
will be the availability of educational con- 
sultants on the College staff with particu- 
lar Knowledge on the structure of pro- 
grams of different degrees of depth, du- 
ration and content, and the availability of 
resource personnel and appropriate edu- 
cational aid. The library will house a refer- 
ence center for educational material in 
cardiovascular diseases. 

The time for construction of Heart 
House is now. The potential significance 
of this development for every physician 
who cares for patients with cardiovascu- 
lar disease is major. Your support 
through participation in- organizational 
and educational programs and by finan- 
cial contribution is in my opinion both en- 
lightened philanthropy and a sound and 
solid investment in the future of our pro- 
fession. 

It is an honor for me to be your Presi- 
dent. 


H.J. C. Swan, MD, PhD, FACC 
President, 1973-4 


COLLEGE NEWS 


Calendar of Continuing Medical Education Programs 





The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


eT 2. 2.0000, 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1973 


MAR 5- 
APR 28 


Course in Cardiovascular 
Diseases for Registered Nurses. 
Fred D. Ownby, FACC and Jua- 
nita C. Burns, co-directors. 
Nashville, Tenn. 


MAR 
12-13 


Cardiac Emergencies: A Work- 
shop. Arthur Selzer, FACC, 
H. J. C. Swan, FACC and Keith 
E. Cohn, FACC, co-directors. 
To be presented during the 
Annual Meeting of the California 
Medical Association, Anaheim 
Convention Center, Anaheim, 
Calif. 


MAR. 
12-16 


Consultant's Course in Cardi- 
ology. Simon Dack, FACC, 
Arnold M. Katz, FACC and 
Robert S. Litwak, FACC, co- 
directors. Mount Sinai Medical 
Center, New York, N.Y. 


MAR. 
16-18 


Non-Invasive Methods in Cardi- 
ology, Apexcardiography, Pho- 
nocardiography, Pulse Tracings, 
Systolic Time Intervals and 


Phonoarteriography. Samuel 
Zoneraich, FACC, director. 
Queens Hospital Center, Jamai- 
ca, N. Y. 


MAR. 
26-28 


Electrocardiographic Interpreta- 
tion of Arrhythmias: A Physio- 
logical Approach. Charles Fisch, 
FACC, director. Indiana Uni- 
versity Medical Center, India- 
napolis, Ind. 


APR. Auscultation, Phonocardiog- 

2-4 raphy and Pulse Tracings: A 
Basic Workshop. Alberto Ben- 
chimol, FACC, director. Moun- 
tain Shadows Resort Hotel, 
Scottsdale, Ariz. 


APR. Cardiology for the Consultant. 

2-11 E. Grey Dimond, FACC, director. 
Rancho Santa Fe Inn, Rancho 
Santa Fe, Calif. 


APR. Management of the Critically III 
4-6 Cardiac Patient. Henry D. Mc- 
Intosh, FACC, James K. Alex- 
ander, FACC and Edward W. 
Dennis, FACC, co-directors. The 


Methodist Hospital, Houston, 
Tex. 
APR. Non-Invasive Techniques in the 


14-15 Diagnosis of Heart Disease. 
Clarence Agress, FACC and H. 
J. C. Swan, FACC, co-directors. 
Century Plaza Hotel, Los An- 


geles, Calif. 


APR. Current Concepts in Cardiology 
30- —1973. Philip Akre, director and 


MAY John A. Bowers and Masato 

3 Takahashi, co-directors. Cae- 
sar's Palace, Las Vegas, Nev. 

MAY How to Collect a Cardiovascular 


7-9 Data Base. J. Willis Hurst, FACC 
and Robert C. Schiant, FACC. 
Royal Coach Motor Hotel, At- 
lanta, Ga. 


MAY 
17-19 


A Critical Approach to Cardio- 
vascular Therapy. Arthur Selzer, 
FACC and Keith E. Cohn, FACC, 
co-directors, Jack Tar Hotel, 
San Francisco, Calif. 


The Clinical Manifestations of 
Congenital Heart Disease from 
Birth thrdugh Adulthood. Joseph 
K. Perloff, FACC, director and 
Sidney Friedman, FACC and 
William Rashkind, co-directors. 
Hospital of the University of 
Pennsylvania, Philadelphia, Pa. 


MAY 
23-25 


Atherosclerotic Heart Disease— 
1973. Robert L. Van Citters, 
FACC, and Harold T. Dodge, 
FACC, co-directors. Anchorage 
Westward Hotel, Anchorage, 
Alaska 


JUNE 
21-22 
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COLLEGE NEWS 


1973-1974 Board of Governors 


The following persons have been named to serve on the 1973-1974 Board of Governors of the College. 


UNITED STATES 


AIR FORCE 

Eliot Schechter, Lt Col, USAF, MC 
'74 

Lackland Air Force Base, Texas 

ALABAMA 

Charles E. Rackley, MD '76 

Birmingham 

ARIZONA 

Lee Ehrlich, MD ‘75 

Phoenix 

ARKANSAS 

Owen W. Beard, MD '74 

Little Rock 

ARMY 

Col William P. Nelson, MC, USA '76 

Denver, Colorado 

CALIFORNIA (Northern) 

Arthur Selzer, MD ‘75 

San Francisco 

CALIFORNIA (Southern) 

Oscar Magidson, MD '76 

Los Angeles 

COLORADO 

Robert C. Jones, MD '74 

Denver 

CONNECTICUT 

Allen V. N. Goodyer, MD ‘75 

New Haven 

DELAWARE 

Mark G. Cohen, MD '74 

Wilmington 

DISTRICT OF COLUMBIA 

To be announced 


FLORIDA 

Thomas C. Dickinson, MD ‘75 
Orlando 

GEORGIA 

Harry T. Harper, Jr., MD ‘74 
Augusta 

HAWAII 

James A. Orbison, MD '74 
Honolulu 

IDAHO 

Bernard L. Kreilkamp, MD '74 
Sun Valley 

ILLINOIS 

Rolf M. Gunnar, MD '76 
Maywood 


INDIANA 
John F. Phillips, MD '74 
Indianapolis 


IOWA 
Ronald M. Lauer, MD '76 
lowa City 


KANSAS 

David M. Pugh, MD ‘75 
Kansas City 

KENTUCKY 

Ralph M. Denham, MD ‘76 
Louisville 

LOUISIANA 

Joe E. Holoubek, MD ‘76 
Shreveport 


MAINE | 
Harold L. Osher, MD ‘74 
Portland 


MARYLAND 
J. O'Neal Humphries, MD '76 
Baltimore 


MASSACHUSETTS 
Roger B. Hickler, MD '74 
Worcester 


MICHIGAN 
Arnold M. Weissler, MD '75 
Detroit 


MINNESOTA 
R. O. Brandenburg, MD ‘76 
Rochester 


MISSISSIPPI] 
Patrick H. Lehan, MD '75 
Jackson 


MISSOURI 
Keith H. Averill, MD '74 
Kansas City 


MONTANA 
George R. Brosius, MD '76 
Billings 


NAVY 


Capt J. William Cox, MC, USN '74 


Washington, D.C. 


NEBRASKA 
Robert D. Sellers, MD '75 
Omaha 


NEVADA 
Reuben Zucker, MD '74 
Las Vegas 
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NEW HAMPSHIRE 
Fred D. Holford, MD '76 
Hanover 


NEW JERSEY 
Gilbert E. Levinson, MD '76 
Bayonne 


NEW MEXICO 
Frank M. Mowry, MD ‘75 
Albuquerque 


NEW YORK (Metropolitan) 
Henry |. Russek, MD ‘75 
Staten Island 


NEW YORK (Upstate) 
George Bousvaros, MD '76 
Albany 


NORTH CAROLINA 
Edward S. Orgain, MD '75 
Durham 


NORTH DAKOTA 
Robert D. Story, MD '74 
Fargo 


OHIO 
Noble O. Fowler, MD '76 
Cincinnati 


OKLAHOMA 
C. G. Gunn, MD '74 
Oklahoma City 


OREGON 
Herbert J. Semler, MD ‘74 
Portland 


PENNSYLVANIA (Eastern) 
Harry M. Woske, MD ‘75 
Philadelphia 


PENNSYLVANIA (Western) 
Seymoure Krause, MD ‘74 
Pittsburgh 

PUERTO RICO 

Carlos E. Bertran, MD ‘75 
Santurce 


RHODE ISLAND 
F. A. Simeone, MD '74 
Providence 


SOUTH CAROLINA 
Peter C. Gazes, MD ‘76 
Charleston 


SOUTH DAKOTA 
To be announced 


TENNESSEE 
Crawford W. Adams, MD '76 
Memphis 


TEXAS 
Robert J. Hall, MD '74 
Houston 


UTAH 
Herbert D. Ruttenberg, MD '76 
Salt Lake City 


VERMONT 
Arthur M. Levy, MD '75 
Burlington 


VIRGINIA 
Lockhart B. McGuire, MD ’76 
Charlottesville 


New York, New York 


WASHINGTON 

Robert M. Levenson, MD ‘75 
Seattle 

WEST VIRGINIA 

George Khoury, MD '76 
Morgantown 


WISCONSIN 
John H. Huston, MD '75 
Milwaukee 

CANADA 
BRITISH COLUMBIA 
Max B. Walters, MD '76 
Vancouver 


ATLANTIC PROVINCES 


Winston E. Gaum, MD '76 
Halifax, Nova Scotia 


COLLEGE NEWS 


ONTARIO 
Kenneth W. G. Brown, MD ‘74 
Toronto 


PRAIRIE PROVINCES 
T. Edward Cuddy, MD '74 
Winnipeg 
QUEBEC 
Lucien Campeau, MD '74 
Montreal 

MEXICO 
Fernando Cisneros, MD '75 
Mexico, DF 


PHILIPPINES 
Antonio M. Samia, MD '75 
Quezon City 


23rd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


February 11-15, 1974 
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INSTRUCTIONS FOR AUTHORS 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) reterences; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Tyce all matter: (1) on 844 x 11 
opague white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . .” followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

è Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table I, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


èe Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 


e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show 
only essential field. 

e Identify figures on back by num- 
ber and author's name. 

e Number figures in order in which 
they are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 

e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 


Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author; all book references should have specific page numbers) 
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Dont you owe it to 
your patients to use 
a pacemaker with a 


universal connection? 


-~ . .. and one that 
is safer, too! 
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for clinical 
applications 


è Designed for clinical O.R. 
or cath lab use 


è Easily applied handle- 
type probe 


®@ Patient safety assured 
through isolation circuitry 


® Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


clinical 
applications 


® Convenient, handle-ty pe 
probe with positive 
capture slide 


è Designed for O.R. and 
cath lab use 


@ For rapid analysis of 
flow through exposed 
blood vessels 


è Use with Biotronex 
clinical blood flowmeter 
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PROBES 


bypass %7 
applications 


@ Use with heart-lung 
machine, artificial kidney 
or similar systems 


® iron core construction 
provides high sensitivity 
and accuracy 

è Operates with BLI 


research and clinical 
blood flowmeters 


è Available in sizes to fit 
most tubing 


Biotronex Laboratory, ING. 5153 Brookvitie Road Silver Spring, Maryland 20910 es 301/588-6400 
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EXTERNAL PRESSURE CIRCULATORY ASSIST 


A noninvasive — atraumatic — easily and quickly applied 
method of counterpulsation. 

For complete information write Medical Innovations, Inc., Dept. AJC 
332 Second Ave., Waltham, Massachusetts 02154. 
Telephone: (617) 890-4266. Cable: MEDINCORP, 

Waltham, Massachusetts, USA. 


See the Cardiassist™ external pressure circulatory assist instrument 
demonstrated in Booths 9 and 10 at the American College of Physicians, 


Ar) a TNEALAOT a a zilele 





95 JUNI 






“The drug 





for oral re 
of potassi 





solution-*..... 
Kay Ciel Elixir is 
otassium chloride... 
astes good too! 


f 


COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 








often not-known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 


of choice 


placemen 





um is 
otassium chloride 
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AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, PB. 121.: 





exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. _ 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient’s requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 


(OOPer Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 
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Symposium on Prevention of Atherosclerosis 
at the Pediatric Level 


SHIELA C. MITCHELL, MD, Guest Editor 


Contents on Page A-5 
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How to brake the heart. The modern 
method of choice for conversion of atrial fibrillation 
to normal sinus rhythm is direct current countershock. 
Maintaining normal sinus rhythm—and maintaining 
the patient—is another matter. A “pharmacologic 
pacemaker” that has a fundamental antiarrhythmic 
action is Quinaglute® (quinidine gluconate). A specific 
for maintaining normal sinus rhythm, Quinaglute 
has certain distinct advantages for long-term control: 


the unique Dura-Tab® construction permits 
gradual release of quinidine gluconate to maintain 
therapeutic quinidine plasma levels for 8 to 12 hours. 


the convenient 8 or 12 hour dosage schedule 
helps avoid middle of the night dosage and early 
morning reversion. 


Quinaglute Dura-Tabs are well tolerated with 
few gastrointestinal disturbances 


QUINAGLUTE Dura‘Tabs’ 


(quinidine gluconate) 5 gr. (0.33 Gm.) 
“a pharmacologic pacemaker” 


z ee ms, 


Indications: For the prevention of premature atrial, nodal or ventricular contractions. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial, nodal or ventricular tachycardia, atrial flutter and fibrillation (paroxysmal or 
chronic). 

Contraindications: Same as for other forms of quinidine, including partial A-V or com- 
plete heart block; intraventricular conduction defects, especially marked QRS widen- 
ing; sensitivity to quinidine; renal disease with significant azotemia; development of 
Cardiotoxic effects (conduction defects or ventricular premature beats, ventricular 
tachycardia, or flutter) while taking the drug; marked cardiac enlargement with con- 
gestive failure; poor renal function especially with tubular acidosis. 

Precautions: Same as for quinidine. To detect idiosyncrasy, e.g., febrile reactions, 
skin eruptions, thrombocytopenic purpura, and respiratory embarrassment, administer 
preliminary test dose of single tablet of quinidine sulfate. Use extreme caution in pa- 
tients with severe heart disease, congestive heart failure, digitalis intoxication, renal 
insufficiency. Administer cautiously, if at all, to senile patients. Hospitalization (for 
Close observation, ECG monitoring and possibly plasma quinidine levels) indicated 
when administering large doses with patients presenting increased risk. With the 
dosage regimen (see ‘‘Dosage’’) of 2 tablets every 8 hours, higher blood levels than 
necessary for maintenance of normal sinus rhythm could be reached, whereas with 
1 tablet every 12 hours, the blood levels may be too low to maintain normal sinus 
rhythms. Should not be used during pregnancy. 

Adverse reactions: Instruct patients to report any symptoms of cinchonism at once 
(including tinnitus, decreased auditory acuity, vertigo, blurred vision, color perception 
disturbances, photophobia, diplopia, night blindness, scotomata, reduced visual 
fields, mydriasis, and respiratory distress); the drug should be discontinued immedi- 
ately if such symptoms or evidence of hypotension occur. If gastrointestinal disturb- 
ances (rarely reported) occur, they may be minimized by administering the drug with 
food, or if they persist, dosage should be decreased. 

Dosage: The dosage varies considerably depending upon the general condition and 
cardiovascular state of the patient. The quantity and frequency of administration must 
be determined for each patient. For the prevention of premature atrial, nodal or ven- 
tricular contractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 
For maintenance of normal sinus rhythm following conversion by other techniques of 
atrial fibrillation, tachycardia or flutter, 2 tablets every 12 hours or 1¥2-2 tablets 
every 8 hours are usually required. The occasional patient may be maintained in nor- 
mal rhythm on a dosage of 1 tablet every 12 or 8 hours. Occasionally larger or more 
frequent dosage may be required, but such increases should be used only after 
thorough evaluation of the patient, including serial electrocardiograms and determina- 
tion of plasma quinidine levels. The ideal dosage is the minimum amount of total 
dose and frequency of daily administration that will prevent premature contractions, 
paroxysmal tachycardias, and maintain normal sinus rhythm. 

Supplied: Bottles of 100 and 250 tablets. 


Goper Cooper Laboratories, Inc., Wayne, N.J. 07470, U.S.A. 
Ste. Therese, P.Q., Canada 
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circulation 


Documented by 10 independent 
investigators, in studies involving a total of 
1,809 patients: a low incidence of circula- 
tory depression with Talwin.**° 


respiration 


Documented by 9 independent 
investigators, in studies involving a 
total of 1,296 patients: a low incidence 
of respiratory depression with 
Talwin.* 1,2,3,7,9-13 


urinary retention 


Documented by 4 independent 
investigators, in studies involving a 
total of 792 patients: a low incidence of 
urinary retention with Talwin.**"**° 


narcotic controls 


Documented by 5 years of wide 
clinical use in many thousands of pa- 
tients: a low dependence liability with 
Talwin”’ Talwin is not subject to narcotic con- 
trols. Yet ,Talwin is comparable to narcotics in 
analgesic efficacy.” 


References: 1. Sadove, M. et al.: J.A.M.A. 189:199, July 20, 1964. 2. Hinshaw, J. R. 
etal.: Am. J. Med. Sci. 251:57, Jan. 1966. 3. Gaines, H. R.: IU. Med. J. 131:320, March 
1967. 4. Marks, M. M.: Int. Surg. 48:519, Dec. 1967. 5. O’Connell, T.C. J. et al.: J. Ir. 
Med. Assoc. 61:357, Oct. 1968. 6. Lal, S. et al.: Lancet 1:379, Feb. 22, 1969. 7. Scott, 
M. E. and Orr, Rosemary: Lancet 1:1065, May 31, 1969. 8. Wallace, G.: Int. Surg. 
53:135, Feb. 1970. 9. Befeler, D. and Giatinni, J. E: Int. Surg. 54:219, Sept. 1970. 
10. Grossman, J. A. and Enselberg, C. D.: Curr. Ther. Res. 13:505, Aug. 1971. 

11. Jennett, S. et al.: Br. J. Anaesth. 40:864, Nov. 1968. 12. Davie, I. et al.: Br. J. 
Anaesth. 42:113, Feb. 1970. 13. Glass, P et al.: Am. Rev. Resp. Dis. 102:116, July 1970. 
14. Stoelting, V. K.: Anesth. Analg. 44:769, Nov.-Dec. 1965. 15. Anderson, E. C. et al.: e 
J. Urol. 96:584, Oct. 1966. 16. Wilkey, J. L. et al.: J. Urol. 97:550, March 1967. F p 
17. Wendel, H. A.: Med. Counterpoint 3:9, June 1971. 


*See next page for a complete discussion of Warnings, Precautions, 
Adverse Reactions, and other Prescribing Information. 
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Brief Summary 

Talwin® brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 

Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative or 
preanesthetic medication and as a supplement to 
surgical anesthesia. 

Contraindication: Talwin should not be adminis- 
tered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care should 
be exercised in prescribing pentazocine for 
emotionally unstable patients and for those with a 
history of drug misuse. Such patients should be 
closely supervised when long-term therapy is 
contemplated. There have been instances of 
psychological and physical dependence on 
Talwin in patients with such a history and, rarely, 
in patients without such a history. Abrupt discon- 
tinuance following the extended use of parenteral 
Talwin has resulted in symptoms such as ab- 
dominal cramps, elevated temperature, rhinorrhea, 
restlessness, anxiety, and lacrimation. Even when 
these occurred, discontinuance has been accom- 
plished with minimal difficulty. In the rare patient 
in whom more than minor difficulty has been 
encountered, reinstitution of parenteral Talwin 
with gradual withdrawal has ameliorated the 
patient’s symptoms. Substituting methadone or 
other narcotics for Talwin in the treatment of the 
Talwin abstinence syndrome should be avoided. 
In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid 
increases in dose and frequency of injection by 
the patient and to prevent the use of the drug in 
anticipation of pain rather than for the relief of 
pain. 

Just as with all medication, the oral form of Talwin 
is preferable for chronic administration. 

Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal fluid pres- 
sure may be markedly exaggerated in the pres- 
ence of head injury, other intracranial lesions, or 
a preexisting increase in intracranial pressure. 
Furthermore, Talwin can produce effects which 
may obscure the clinical course of patients with 
head injuries. In such patients, Talwin must be 
used with extreme caution and only if its use is 
deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic effects. 
However, Talwin should be administered to preg- 
nant patients (other than labor) only when, in the 
judgment of the physician, the potential benefits 
outweigh the possible hazards. Patients receiving 
Talwin during labor have experienced no adverse 
effects other than those that occur with commonly 
used analgesics. Talwin should be used with 
Caution in women delivering premature infants. 
Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, in 
rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 


spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and vital 
signs checked. If the drug is reinstituted it should 
be done with caution since the acute CNS 
manifestations may recur. 

Usage in Children. Because Clinical experience in 
children under twelve years of age is limited, the 
use of Talwin in this age group is not recom- 
mended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, ambu- 
latory patients should be warned not to operate 
machinery, drive cars, or unnecessarily expose 
themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory 
depression should be considered in treatment of 
patients with bronchial asthma. Talwin should be 
administered only with caution and in low dosage 
to patients with respiratory depression (e.g., from 
other medication, uremia, or severe infection), 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver dis- 
ease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, dizzi- 
ness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism of 
the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with myo- 
cardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is gained 
with the effects of Talwin on the sphincter of 
Oddi, the drug should be used with caution in 
patients about to undergo surgery of the biliary 
tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the daily 
treatment of narcotic dependence, have experi- 
enced mild withdrawal symptoms after receiving 
Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients in 
association with the use of Talwin although no 


cause and effect relationship has been established. 


Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or lighthead- 
edness, vomiting, euphoria. 

Infrequently occurring reactions are—respiratory: 
respiratory depression, dyspnea, transient apnea 
in a small number of newborn infants whose 
mothers received Talwin during labor; cardiovas- 
cular: circulatory depression, shock, hypertension; 
CNS effects: sedation, alteration of mood (ner- 
vousness, apprehension, depression, floating feel- 
ing), dreams; gastrointestinal: constipation, dry 
mouth; dermatologic including local: diaphoresis, 
sting on injection, flushed skin including plethora, 
dermatitis including pruritus; other: urinary reten- 
tion, headache, paresthesia, alterations in rate or 
strength of uterine contractions during labor. 
Rarely reported reactions include—neuromuscular 
and psychiatric: muscle tremor, insomnia, disori- 
entation, hallucinations; gastrointestinal: taste 
alteration, diarrhea and cramps; ophthalmic: 
blurred vision, nystagmus, diplopia, miosis; other: 
tachycardia, soft tissue induration, nodules, 
cutaneous depression, and ulceration (sloughing) 
at the injection site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug 
Dependence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 


parenteral dose is 30 mg. by intramuscular, sub- 
Cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 

or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily injec- 
tions are needed over a prolonged period, intra- 
muscular administration is preferable to subcuta- 
neous. In addition, constant rotation of injection 
sites (e.g., the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, and the 
deltoid areas) is recommended. 

Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate pain 
relief to some patients in labor when contractions 
become regular, and this dose may be given two 
or three times at two- to three-hour intervals, as 
needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vasopres- 
sors, and other supportive measures should be 
employed as indicated. Assisted or controlled ven- 
tilation should also be considered. Although 
nalorphine and levallorphan are not effective anti- 
dotes for respiratory depression due to overdos- 
age or unusual sensitivity to Talwin, parenteral 
naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antagonist. 
Talwin is not subject to narcotic controls. 

How Supplied: Ampu/s of 1 ml. (30 mg.), 1¥%2 ml. 
(45 mg.), and 2 ml. (60 mg.) in boxes of 25. 

Each 1 ml. contains Talwin (brand of pentazocine) 
as lactate equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 

Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for injec- 
tion. Boxes of 1. 

The pH of Talwin solutions is adjusted between 

4 and 5 with lactic acid and sodium hydroxide. The 
air in the ampuls and vials has been displaced 
by nitrogen gas. 
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introducing 
Nitrostat (nitroglycerin) 








“potency-protected’ 
sublingual nitroglycerin 


tablet 


PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
Detroit, Michigan 48232 


Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the “potency-protected” sublingual nitroglycerin 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week. 


120 


100 ALA Na Lass iH 


70 
@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
60 Range—97 to 110.89% label claim; 
average—104.49% 


~® Assay values for each of 30 tablets assayed 
50 separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


40 i Assay range—four additional lots stored without 
filler in bottle 


i Assay range—four additional lots stored with 
30 E filler in bottle 
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SYMPOSIUM ON PREVENTION OF ATHEROSCLEROSIS AT THE PEDIATRIC LEVEL. 
INCLUDING IDENTIFICATION OF POTENTIAL RISKS AND PROPHYLAXIS 


539 Introduction 
SHIELA C. MITCHELL 


542 Development of Arteriosclerosis 


547 


557 


571 


GARDNER C. McMILLAN 


Atherosclerosis is a polyetiologic, polypathogenetic family of closely related vascular lesions. For the gen- 
eral population, the critical time of life for atherogenesis and for the prevention of future clinically signifi- 
cant disease appears to be the young adult years and thereafter. 


Diagnosis and Management of Hyperlipoproteinemia in Infants and Children 


ROBERT |. LEVY and BASIL M. RIFKIND 


Recognition of the pediatric aspects of hyperlipoproteinemia provides opportunities for early diagnosis in 
asymptomatic children and for prevention of ischemic heart disease in later years. Problems arising from 
hyperlipoproteinemia in infants and children are authoritatively summarized. Type || hyperlipoproteinemia 
is an ideal disorder in which to determine whether reduction of plasma lipid levels is capable of preventing 
or delaying atherosclerosis. 


Cardiovascular Pathology in Hyperlipoproteinemia. Anatomic Observations in 42 Necropsy 
Patients with Normal or Abnormal Serum Lipoprotein Patterns 


WILLIAM C. ROBERTS, VICTOR J. FERRANS, ROBERT |. LEVY and DONALD S. FREDRICKSON 


Clinical and cardiovascular necropsy correlations in 28 patients with known hyperlipoproteinemia and 14 
patients with a normal lipoprotein pattern demonstrate that atherosclerosis is accelerated or occurs pre- 
maturely in patients with Type II, III and IV hyperlipoproteinemia but that hyperlipoproteinemia is not a 
prerequisite for premature development of severe atherosclerosis. 


Changing Attitudes and Habits to Reduce Risk Factors in Chronic Disease 


HOWARD LEVENTHAL 


Individual attitudes and behavioral patterns are strongly implicated in the causation and prevention of 
chronic disease. Successful behavioral change to reduce the risk factors of chronic disease requires 
understanding of the sequence of steps leading to change: exposure, understanding, change of attitude and 
action. Prevention in children may be as difficult and complex as changing behavior in adults, requiring 
equal attention to education and to environmental and individual factors. 
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Holter DCG Monitoring Case History No.17 
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An 83-year-old female patient had a history of coronary in- (3) transient complete heart block with ventricular es- 
sufficiency as well as cerebral insufficiency. After suffering cape beats, and 

three syncopal episodes, the patient was provided with a (4) periods of 2:1 A-V block. 

Holter monitor for continuous cardiac monitoring (DCG). 

The first strip showed no rhythm abnormalities, but an intra- Although there was some dizziness and weakness, such 


ventricular conduction defect was noted. The second and symptoms were not always present, and only by the use of 
third strips revealed: the continuous DCG were all of the occurrences revealed 


(1) atrial premature contraction, and documenied. 


(2) nonconducted atrial premature contraction, 
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581 Fat Nutrition and Diet in Childhood 
WILLIAM K. SCHUBERT 


This paper discusses the nutritional requirements for fat and the possible deleterious effects of significant 
dietary fat alterations in infants and children. Screening and prospective treatment of the estimated 5 to 7 
percent of persons at risk of having atherosclerosis is preferable to tampering with the diet of all American 
children. 


588 Risk Factors of Coronary Heart Disease—Their Genesis and Pediatric Implications 
SHIELA C. MITCHELL and MARY JANE JESSE 


This paper presents an overview on the nature of the epidemiologic proof involving the presently known 
risk factors of coronary heart disease and provides a rational basis for specific therapy and preventive 
measures. 


591 Prevention of Atherosclerosis 
SIDNEY BLUMENTHAL 


Although the basic mechanisms of the cause and progression of atherosclerotic plaque formation are not 
yet solved, it is now possible to identify children at high risk of premature development of complications 
of atherosclerosis by utilizing known risk factors and their tendency to familial aggregation. Primary pre- 
vention programs will become more effective as new data become available to “preventive cardiologists.” 
A plan for identification and management of children at high risk is outlined. 


End of Symposium 


CLINICAL STUDIES 


595  Electrocardiographic, Arteriographic and Ventriculographic Correlations in Transmural 
Myocardial Infarction 


RICHARD A. WILLIAMS, PETER F. COHN, PANTEL S. VOKONAS, ELIOT YOUNG, 
MICHAEL V. HERMAN and RICHARD GORLIN 


In this study of 235 patients with transmural myocardial infarction and angiographically documented coro- 
nary artery disease, the electrocardiographic location of the infarction proved valuable in predicting the 
sites of coronary arterial obstruction and ventricular asynergy. 


600 Contribution of Cardiac Output to Renovascular Hypertension in Man. Relation to Surgical Treatment 
ROBERT C. TARAZI, EDWARD D. FROHLICH and HARRIET P. DUSTAN 


This study concludes that increased cardiac output, a frequent finding in and a possible contributor to, 
renovascular hypertension is not the major factor responsible for its maintenance. Along with increased 
cardiac output, patients with renovascular hypertension had increased total peripheral resistance. 


606 Volume-Dependent Essential and Steroid Hypertension 
HARRIET P. DUSTAN, EMMANUEL L. BRAVO and ROBERT C. TARAZI 


These short-term studies of sodium manipulation and long-term studies of diuretic treatment indicate that 
certain types of essential hypertension and the hypertension accompanying aldosteronism are volume- 
dependent and that low sodium diets and diuretic drugs have a similar mode of action as antihypertensive 
agents. 
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maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 


- Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 


INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate 


one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED:. 


Uncoated, scored tablets in botties of 50. 


1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 


treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 


arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 
increased by ¥2 to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 


atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 
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616 Mechanism of Closure of the Mitral Prosthetic Valve and the Role of Atrial Systole. 
Phonocardiographic and Cinefluorographic Study 


ROBERT I. HAMBY, AGOP AINTABLIAN and B. GEORGE WISOFF 


Phonocardiographic and cinefluorographic studies of the mechanism of closure of the Starr-Edwards 
mitral prosthetic valve in 41 patients with a normal QRS interval demonstrate that such valves can be 
closed completely not only by atrial or ventricular contractions but also during prolonged diastolic filling 
periods. 


623 Quadricuspid Semilunar Valve 
LARRY E. HURWITZ and WILLIAM C. ROBERTS 


Eight quadricuspid pulmonic valves and 2 quadricuspid aortic valves were found in 6,000 necropsies by 
these investigators. Although the former valve usually functions normally, the quadricuspid aortic valve 
functioned abnormally in about half of the cases studied in this series and in those previously reported. 


EXPERIMENTAL STUDIES 


627 Roentgen Videodensitometric Determination of Left to Right Shunts in Experimental Ventricular 
Septal Defect 


KOZUI MIYAZAWA, HUGH C. SMITH, EARL H. WOOD and ALFRED A. BOVE 


Roentgen videodensitometric values for left to right shunts in experimentally produced ventricular septal 
defects in dogs correlated well with values obtained from indocyanine green dilution curves and from oxy- 
gen saturation levels of pulmonary arterial and vena caval blood. Phasic variations in shunted Renovist 
occurred during the cardiac cycle. 


REVIEWS 


635 Supravalvular Aortic Stenosis in Adults 
DONALD G. PANSEGRAU, J. MICHAEL KIOSHOS, ROBERT E. DURNIN and FRANK W. KROETZ 


Supravalvular aortic stenosis in 26 adults was usually not associated with mental retardation, peculiar 
facies or severe peripheral pulmonic stenosis as in children. Its severity correlated best with abnormalities 
of the coronary arteries rather than with degree of supravalvular obstruction. Surgical correction is indi- 
cated unless this disease is mild. 


DIAGNOSTIC SHELF 


642 Tricuspid Whoop 
THOMAS J. KEENAN and MILES J. SCHWARTZ 


Intermittent systolic whoops in 2 women with right-sided heart failure and tricuspid insufficiency secondary 
to pulmonary hypertension and mitral stenosis are attributed to changes in tension on the tricuspid leaflets 
or papillary muscles with increased right ventricular pressure. Surgical relief of the mitral stenosis caused 
the systolic whoops to vanish. 


CASE REPORTS 


646 Incomplete Differentiation of Cardiac Valves. Angiographic Diagnosis 
ROGER W. EVANS, TROY H. WILLIAMS and WILLIAM P. NELSON 


This case study reports the first angiographic antemortem demonstration of incomplete differentiation 
of cardiac valves in a newborn child. Such consistent visualization of valves within the contrast medium, 
during both systole and diastole, is a result of excessive valvular thickness and should raise the possibility 
of incomplete valvular differentiation. 
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New Respiratory Gas Analyzer 
and Stress Test Monitor... 





Now, for the first time, totally automatic, 
minute-by-minute update of respiratory functions during 
physical stress testing — plus continuous ECG 


monitoring — all in one compact system! 
A. MODEL 800 RESPIRATORY GAS ANALYZER B. MODEL 2900 STRESS TEST MONITOR 


e All digital data continuously displayed and updated è Large, two-channel oscilloscope displays 
each minute ECG waveform 
è Expired volume up to 199.9 liters per minute B.T.P.S. è Built-in digital heart rate meter numerically 


displays instantaneous or average heart rate 


; j è Built-in ECG paperwriter meets AHA 
è Oxygen uptake per kilogram body weight per recommendations 


minute up to 99.9 milliliters 


e Oxygen uptake up to 9.99 liters per minute S.T.P.D. 


e Optional automatic timer/programmer 


e CO, in liters per minute, and RQ automatically controls paperwriter 

è Total heart beats per minute è Optional S-T segment computer/ display 

è Elapsed-time clock synchronizes complete system numerically displays S-T elevations and 
and provides digital display depressions 


è Digital outputs for printers and plotters 
For more information and/or a demonstration, just use the reader service card or return the coupon below. 


[| Please send literature (| Contact me for a demonstration 


Name & Title 


AVIONICS Organization 


Address 





AVIONICS BIOMEDICAL DIVISION 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
Del Mar Engineering Laboratories 
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649 


Permanent Paralysis of the Atrium in a Patient with Facioscapulohumeral Muscular Dystrophy 


BRIAN J. BALDWIN, ROBERT C. TALLEY, CHARLES JOHNSON and DONALD O. NUTTER 


Permanent electrical and mechanical atrial paralysis found in this 32 year old patient with facioscapulo- 
humeral muscular dystrophy may be secondary to the muscular dystrophy, sulfonamide-induced myo- 
Carditis, idiopathic pathologic changes or a combination of these factors. 


654 Aortic Regurgitation and Aneurysm of Sinus of Valsalva Associated with Osteogenesis Imperfecta 


658 


662 


666 


670 


675 


RICHARD L. HEPPNER, HENRY |. BABITT, JOSETTE W. BIANCHINE and 
J. RICHARD WARBASSE 


This first reported case of osteogenesis imperfecta in which aortic valvular regurgitation was studied by 
cardiac catheterization and angiography showed a dilated aortic valve ring, an aneurysm of the sinus of 
Valsalva and significant left ventricular hypertrophy. Such valvular regurgitation is a manifestation of the 
underlying abnormality of collagen observed in patients with this disorder. 


Congenital Hypoplasia of Right Ventricular Myocardium (UhI’s Anomaly) Associated with Pulmonary 
Atresia in a Newborn 


MICHEL COTE, ANDRE DAVIGNON and JEAN-CLAUDE FOURON 


This study details the third reported fatal case of congenital hypoplasia of the right ventricular myocardi- 
um (UhI’s anomaly) associated with pulmonary valvular atresia and absent tricuspid leaflets in a 2 1/2 day 
old girl. The clinical diagnosis of this anomaly and its differentiation from Ebstein’s anomaly constitute a 
major challenge in the neonatal period. 


Severe Atherosclerosis in the “Single Coronary Artery.” Report of a Previously Undescribed Pattern. 


DONALD A. SPRING and JAMES H. THOMSEN 


Increased motion and abnormal hemodynamics may have contributed to the development of the extensive 
atherosclerotic involvement of the true single coronary artery arising from an unusual position high in the 
ascending aorta of a 52 year old retired military officer. Clinical and diagnostic implications of this rare 
anomaly are discussed. 


Coronary Heart Disease in Situs Inversus Totalis 


KIERAN M. HYNES, GERALD T. GAU and JACK L. TITUS 


Electrocardiographic and vectorcardiographic tracings with right-left reversal of all leads in patients with 
dextrocardia, as demonstrated in these 7 cases, permit the recognition and evaluation of abnormalities on 
the basis of standard criteria. 


EDITORIALS 


Medical and Pediatric Cardiology. A Contemporary Overview 


JOSEPH K. PERLOFF 


SPECIAL DEPARTMENTS 


Reviews in Cardiology 


American College of Cardiology News 
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aresting ECG sambulatory patient monitor «stress test monitor 


FLEXIBILITY 

Medcraft’s new CDC Series 70 
System is a complete Cardiac 
Diagnostic Center that can monitor 
and evaluate the resting/continuous 
ECG, the stress/exercise ECG or 
the ambulatory ECG. 


SELECTIVE ECG 

Using convenient cassettes, the 
physician can pre-select specific 
time periods for monitoring the 
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ambulatory patient. These periods 
could be isolated segments within a 
24-hour period; a full 24-hour 
period; several days, weeks or 
months. Selected periods can be 
reviewed easily and quickly. 


ECONOMY AND CONTROL 

The patient can return cassettes 
in-person, or by mail, if necessary, 
for review. The CDC reproduce unit 





gives a fast review of all recorded 
information; 8 hours can be 
reviewed in 15 minutes. Pre-set 
limits, when exceeded, indicate 
portions of interest for real-time 
scan and tape print-out. 


MINIMUM PERSONNEL 

The CDC Series 70 System is 
compact, easy to use and 
understand, and can be operated in 
most cases with existing personnel. 
The reproduce unit is completely 


` TiIexiDIe, simply controllec 
method of monitorin 
abnormalities using 

new CDC 70 System. 


cardiac 
edcraft’s 





self-contained and has memory y------------------------ 


scope, rate module, 5-lead 
switchable ECG, telemetry panel, 
fast-scan, ECG tracing, voice 
commentary channel, and system- 
test functions. When used in 
conjunction with Medcraft’s 
portable ECG recorder, it gives the 
practicing physician an economical, 
flexible, simply controlled method of 
monitoring cardiac abnormalities. 


MEDCRAFT ECG SYSTEMS 
2710 Forest Lane Dallas, Texas 75234 
(214) 241-6831 


[] Send brochure 


[] Arrange demonstration 
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Address 





City State 


item HONG 





MEDCRAFI 


A SUBSIDIARY OF THE HITTMAN CORPORATION 


A-17 


——- oo 


i oa 
a SSI pA rt; ig? 


ut Slap Ay 
y — ~~ ? 


on e~ 
i ae 





Meet 154 members of the Ossining Fire Department- 
78 of them may have elevated lipid levels. 


Volunteers screened for serum 
cholesterol above 250 mg.% and/or 
serum triglycerides above 150 mg.% 


Recently, members of the Ossining, New 
York Volunteer Fire Department and its 
women’s auxiliary cooperated in a one-time 
screening program* to determine their lipid 
levels.! These were people representative of 
most American communities—businessmen, 
teachers, shopowners, professional men, 
craftsmen, and housewives. And from the 
tabulation of the single-test results among 
these typical men and women, three strik- 
ing findings emerge: the prevalence of 
cholesterol levels above 250 mg.% and tri- 
glyceride levels above 150 mg.%, the un- 
awareness of their existence, and the early 
age of test subjects in whom they were 


found. 


Incidence of such levels—50.6%; 
unawareness almost universal 


Of the 154 subjects tested, 78 (50.6%) 
were found to have serum cholesterol levels 
above 250 mg.% and/or triglyceride lev- 


*Important Note: A single determination is not 
sufhcient to establish the diagnosis of hyper- 
lipidemia. 


els above 150 mg.%. In only 7 of these 78 
did cholesterol levels alone exceed the spec- 
ified value. Both cholesterol and triglycer- 
ides were higher in 23 individuals, while 
triglycerides alone proved higher than the 
specified value in the remaining 48 persons. 

Of the 78 Ossining subjects noted above, 
75 had not known about their lipid values. 
This finding is consistent with that of Stam- 
ler et al.,” who report that a majority of the 
millions with elevated serum cholesterol 
are entirely unaware of its presence because 
they have never been tested for it. A fur- 
ther note of interest : 44 of these 78 subjects 
were below the age of 40. 


The importance of testing for both 
cholesterol and triglycerides 


The Ossining program only demonstrates 
the prevalence of cholesterol levels above 
250 mg.% and/or triglyceride levels above 
150 mg.%, and is in no way intended to 
imply a clinical evaluation. It also indicates 
the importance of evaluating both choles- 
terol and triglyceride levels. For example, 
had the Ossining volunteers been checked 
only for cholesterol, triglyceride levels 


above 150 mg.% would not have been 


found in 71 individuals. 


The significance of the Ossining 
volunteers: they're like the patient 
you see every day 


The U.S. Public Health Report (19€ 
using one parameter of measurement, € 
mated that | out of 5 Americans over 
age of 17 has a serum cholesterol le 
higher than 260 mg.%.® As the Ossin 
tests suggest, cholesterol represents only 
factor in the overall assessment of ser 
lipid levels, which includes triglycer 
concentrations as well.*” 

So in your own practice when you tes! 
test for both serum cholesterol and trig] 
eride levels. 
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See last page of advertisement for prescribing informat: 


redrickson* has found that over 95% of patients with primary hyperlipidemia 
villbe detected if both cholesterol and triglyceride levels are determined. 


Whether serum cholesterol alone is elevated... 
riglycerides alone are elevated... 


r both are elevated 





‘he most widely prescribed 
ipid-lowering agent: 9 years 

f clinical experience 

Vhen adequately repeated baseline studies 
veal significantly high serum cholesterol 
id/or triglycerides, an attempt should first 
ə made to reduce them by means of appro- 
riate dietary restrictions. When the re- 
yonse to diet is inadequate, initiate 


TROMID-S therapy. 


ilinical experience has 
hown that in responsive 


atients 
cholesterol levels above 250 mg./100 ml. 
(mg.%) have decreased as much as 35 
percent ... and reductions up to 50 per- 
cent have been reported® 
triglyceride levels above 150 mg./100 ml. 
(mg.%) have decreased as much as 61 
percent ... and reductions up to 90 per- 
cent have been reported® 
the higher the initial level the greater 
the reduction 
lipid-lowering effect is usually noted dur- 
ing the first month of therapy 






AN IMPORTANT NOTE: It has 


not been established whether the drug- 
induced lowering of serum cholesterol 
or lipid levels has a detrimental, bene- 
ficial, or no effect on the morbidity or 
mortality due to atherosclerosis or cor- 
onary heart disease. Several years will 
be required before current investiga- 
tions will yield an answer to this 
question, 












Atromid-S 


Brand of 


clofibrate 


The importance of maintaining 
Q.1.D. dosage 


Once elevated serum cholesterol and/or 
elevated serum triglycerides have been re- 
duced, a reduction in dosage may result in a 
renewed rise in lipid levels. Therefore, one 
simple dosage regimen is recommended for 
all patients at all times. Start and maintain 
therapy with one capsule (500 mg.) Q.I.D. 


Eight year study demonstrates 
continued control 

of hyperlipidemia’ 

Because of its persistent nature, hyperlip- 
idemia requires continued therapy. It is 
important, therefore, that the prescribed 
anti-hyperlipidemic agent maintain effec- 
tive control over serum lipid levels. 

Fifty responsive hyperlipidemic patients 
were treated with ATROMID-S, 2 Gm. 
daily for six to eight years. Cholesterol 


alone was elevated in 8 patients, while both 
cholesterol and triglyceride were elevated 
in the remaining 42. The group comprised 
28 women and 22 men whose ages range 
from 41 to 65 years. Normalization or sub- 
stantial reduction of elevated serum levels 
of cholesterol and/or triglycerides occurred 
in each patient and was maintained through- 
out the entire period of treatment. 
According to the investigator, “Our data 
indicate that clofibrate (ATROMID-S®) 
is a potent hypolipidemic agent which may 
be administered continuously for long peri- 
ods of time without any decrease in its ef- 
fectiveness....’’? He further states: “With 
this agent, normalization of the cholesterol 
or triglyceride levels or both may be ex- 
pected....’’7 


Visible evidence of 
effectiveness 


In the presence of xanthomata due to 
excessively high serum lipid levels, 
ATROMIDSS frequently provides visible 
evidence of its effectiveness. In some pa- 
tients xanthomatous lesions disappear com- 
pletely, while in others their size and/or 
numbers are reduced. 


If Given In Conjunction With 
Anticoagulants 


WARNINGS: CAUTION SHOULD BE EX- 
ERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE 
ANTICOAGULANT SHOULD BE RE- 
DUCED USUALLY BY ONE-HALF (DE- 
PENDING ON THE INDIVIDUAL CASE) 
TO MAINTAIN THE PROTHROMBIN 
TIME AT THE DESIRED LEVEL TO PRE- 
VENT BLEEDING COMPLICATIONS. 
FREQUENT PROTHROMBIN DETERMIN- 
ATIONS ARE ADVISABLE UNTIL 
IT HAS BEEN DEFINITELY DETER- 
MINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED. 


Average reduction in lipid levels maintained throughout eight year study’ 


Mean Value of 
CHOLESTEROI 


DUENEZ 





|I YEAR 
(50 Patients) 








6 YEARS 7YEARS 8YEARS 
(50 Patients) (49 Patients) (32 Patients) 


Mean Value of 
TRIGLYCERIDES 


inmeg./% 


| YEAR 
(42 Patients) 


Adapted from Berkowitz’ 
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6YEARS 7YEARS 8 YEARS 
(42 Patients) (42 Patients) (29 Patients) 


More than9 years of successful 
clinical experience 





BRIEF SUMMARY 
(For full prescribing information, 
see package circular.) 

@ BRAND OF 


ATROMID-S clofibrate 


Antilipidemic agent for reduction 
of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as ad- 
junctive therapy to diet and other measures for 
the reduction of elevated serum cholesterol (es- 
pecially the beta lipoprotein fraction) and/or 
triglycerides. Clofibrate appears to have a great- 
er depressant effect on the very low density 
lipoproteins (S, 20-400) rich in triglycerides 
than the low density lipoproteins (S, 0-20) rich 
in cholesterol. 

ATROMID-S is also indicated for treatment of 
patients with xanthoma tuberosum associated 
with hyperlipidemia. The skin lesions frequently 
regress with clofibrate. 

It has not been established whether the drug- 
induced lowering of serum cholesterol or lipid 
levels has a detrimental, beneficial, or no effect 
on the morbidity or mortality due to athero- 
sclerosis or coronary heart disease. Several years 
will be required before current investigations 
will yield an answer to this question. 
CONTRAINDICATIONS: Clofibrate is con- 
traindicated in pregnant women. While tera- 
togenic studies have not demonstrated any effect 
attributable to clofibrate, it is known that serum 
of the rabbit fetus accumulates a higher concen- 
tration of clofibrate than that found in mater- 
nal serum, and it is possible that the fetus may 
not have developed the enzyme system required 
for the excretion of clofibrate. 

It is contraindicated in lactating women since it 
is not known if clofibrate is secreted in the milk. 
It is contraindicated in patients with clinically 
significant hepatic or renal dysfunction. 

It is contraindicated in patients with primary 
biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases. 
WARNINGS: CAUTION SHOULD BE EX- 
ERCISED WHEN ANTICOAGULANTS 
ARE GIVEN IN CONJUNCTION WITH 
ATROMID-S. THE DOSAGE OF THE AN- 
TICOAGULANT SHOULD BE REDUCED 
USUALLY BY ONE-HALF (DEPENDING 
ON THE INDIVIDUAL CASE) TO MAIN- 
TAIN THE PROTHROMBIN TIME AT THE 
DESIRED LEVEL TO PREVENT BLEED- 
ING COMPLICATIONS. FREQUENT PRO- 
THROMBIN DETERMINATIONS ARE AD- 
VISABLE UNTIL IT HAS BEEN DEFINITE- 
LY DETERMINED THAT THE PROTHROM- 
BIN LEVEL HAS BEEN STABILIZED. 
Strict birth control procedures must be exer- 
cised by women of childbearing potential. In 
patients who plan to become pregnant, clofibrate 
should be withdrawn several months before con- 


ATROMID-S® (clofibrate) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 


~- 
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ception. Because of the possibility of pregnancy 
occurring despite birth control precautions in 
patients taking clofibrate, the possible benefits 
of the drug to the patient must be weighed 
against possible hazards to the fetus. 
PRECAUTIONS: Before instituting therapy 
with clofibrate, attempts should be made to con- 
trol serum lipids with appropriate dietary regi- 
mens, weight loss in obese patients, control of 
diabetes mellitus, etc. 

Because of the long term administration of a 
drug of this nature, adequate base line studies 
should be performed to determine that the pa- 
tient has significantly elevated serum lipid levels. 
Frequent determinations of serum lipids should 
be obtained during the first few months of 
ATROMID-S (clofibrate) administration, and peri- 
odic determinations thereafter. The drug should 
be withdrawn after three months if response is 
inadequate, However, in the case of xanthoma 
tuberosum, the drug should be employed for 
longer periods (even up to one year) provided 
that there is a reduction in the size and/or num- 
ber of the xanthomata. 

Subsequent serum lipid determinations should 
be done to detect a paradoxical rise in serum 
cholesterol or triglyceride levels. Clofibrate will 
not alter the seasonal variations of serum cho- 
lesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the 
drug is discontinued, the patient should be 
placed on an appropriate hypolipidemic diet, 
and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above 
the original base line may occur. 

During clofibrate therapy, frequent serum trans- 
aminase determinations and other liver function 
tests should be performed since the drug may 
produce abnormalities in these parameters. He- 
patic biopsies are usually within normal limits. 
These effects are usually reversible when the 
drug is discontinued. If the hepatic function 
tests steadily rise or show excessive abnormali- 
ties, the drug should be withdrawn. Therefore 
use with caution in those patients with a past 
history of jaundice or hepatic disease. 
Clofibrate may produce “flu like” symptoms 
(muscular aching, soreness, cramping). The 
physician should differentiate this from actual 
viral and/or bacterial disease. 

Use with caution in patients with peptic ulcer 


since reactivation has been reported, Whether 


this is drug-related is unknown. 
The physician should monitor the patient with 
complete blood counts since peripheral anemia 
and, more frequently, leukopenia have been 
reported in patients who have been taking clo- 
fibrate. Whether these are drug-related is un- 
known. 
Various cardiac arrhythmias have been reported 
with the use of clofibrate. 
Several investigators have observed in their stud- 
ies that clofibrate may produce a decrease in 
cholesterol linoleate but an increase in palmito- 
leate and oleate, the latter being considered 
atherogenic in experimental animals. The sig- 
nificance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent re- 
actions, the most common is nausea. Less fre- 
quently encountered gastrointestinal reactions 
are vomiting, loose stools, dyspepsia, flatulence, 
and abdominal distress. Reactions reported less 
often than gastrointestinal ones are headache, 
dizziness, and fatigue; muscle cramping, aching, 
and weakness; skin rash, urticaria, and pruritus. 
There have been occasional cases of dry, brittle 
hair and of alopecia. 
The following reported adverse reactions are 
listed alphabetically by systems: 
Cardiovascular 

Cardiac arrhythmias 

Both swelling and phlebitis at site of 

xanthomas 

Dermatologic 

Skin rash 


Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 
Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, 
abdominal distress ) 
Vomiting 
Stomatitis and gastritis 
Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as 
evidenced by dysuria, hematuria, 
proteinuria, decreased urine output. One 
patient’s renal biopsy suggested “allergic 
reaction.’ 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by 
increased transaminase (SGOT and SGPT), 
BSP retention, and increased thymol 
turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct rela- 
tionship with the drug has not been established: 
increased angina, peptic ulcer, gastrointestinal 
hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythema- 
tosus, blurred vision. 
DOSAGE AND ADMINISTRATION: Adult 
Dose: The recommended dosage for adults is 
one capsule (500 mg.) four times daily, 
In Children: Insufficient studies have been done 
in children to show safety and efficacy. 
DRUG INTERACTIONS: Caution should be 
exercised when anticoagulants are given in con- 
junction with ATROMID-S (clofibrate). The dos- 
age of the anticoagulant should be reduced usu- 
ally by one-half (depending on the individual 
case) to maintain the prothrombin time at the 
desired level to prevent bleeding complications. 
Frequent prothrombin determinations are ad- 
visable until it has been definitely determined 
that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While 
there has been no reported case of overdosage, 
should it occur, symptomatic supportive mea- 
sures should be taken. 


HOW SUPPLIED: AtrRomip-S—No. 243—Each 
capsule contains 500 mg. clofibrate, in bottles 
of 100. 


References: 

1. Data on file, Medical Department, Ayerst 
Laboratories, New York, N.Y. 2. Stamler, J., et 
al.. Amer. J. Nurs. 66:1788 (Aug.) 1966. 3. U.S. 
Public Health Service, Pub. Series II, No. 22 
(Mar.) 1967. 4. Fredrickson, D.S., et al.: The 
typing of hyperlipoproteinemia: A progress re- 
port (1968), in Holmes, W.L., et al. (Eds.): Drugs 
Affecting Lipid Metabolism, New York, Plenum 
Press, 1969, pp. 307-325. 5. Brown, D.F, in Cas- 
dorph, H.R.: Therapy of the Hyperlipidemic 
States, Springfield, Ill., Charles C Thomas, 1971, 
p. 147. 6. Gelfand, M.L., and Garber, M.: Ex- 
hibit, American College of Cardiology Meeting, 
New Orleans, La., Feb. 21-Mar. 1, 1970. 7. Ber- 
kowitz, D.: J.A.M.A, 218:1002 (Nov. 15) 1971. 
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Excessive anxiety in the 


The Somatic Protest 


Although he has valid reason for con- 
cern, the person convalescing from myo- 
cardial infarction may react to his illness 
with disproportionate anxiety, which can 
hinder smooth recovery and rehabilita- 
tion. Undue anxiety and emotional 
tension may, in some patients, markedly 
increase catecholamine excretion during 
Stay in, and on day of transfer from, the 
CCU, causing increased heart rate, in- 
creased cardiac output and intensified 

ge a eygen consump- 
-A ~ tion by heart muscle. 
Excessive anxiety 
Saat Jala NGA can (1) increase feel- 
Right bundie branch block. iNQS Of frustration at 
forced inactivity, (2) foster undue preoc- 
cupation with heart function, (3) diminish 
capacity to tolerate prospect of work 
stress and (4) retard rehabilitation. A 
calm outlook and reduction of excessive 
emotional stress are thus desirable. 
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postcoronary patient... 


both effective and comparatively free 
from undesirable side effects. Extensive 
clinical experience has demonstrated 
that Librium (chlordiazepoxide HCI) ful- 
fills these requirements with a high 
degree of consistency. 

Librium has an outstanding record 
of effectiveness with safety. After more 
than 12 years of wide clinical use, expe- 
rience with Librium continues to reflect 
its highly favorable therapeutic index. In 
general use, the most common side 
effects reported have been drowsiness, 
ataxia and confusion, particularly in the 
elderly and debilitated. At the physician's 
discretion, Librium may be administered 
for extended periods, without diminution 
of effect or need for increase in dosage. 
When treatment is prolonged, periodic 
blood counts and liver function tests are 
advisable. When anxiety has been re- 
duced to tolerable levels, Librium therapy 
should be discontinued. 


For moderate to severe 
anxiety adversely affecting 
cardiac function 


í adjunctive 
Librium 10 mg 
(chlordiazepoxide HCN 
1or 2 capsules t..d./qid. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Please see following page for summary of product information. 
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adjunctive 


Before prescribing, please consult 
complete product information, a summary 
of which follows: 

Indications: Relief of anxiety and 
tension occurring alone or accompanying 
various disease states. 

Contraindications: Patients with known 
hypersensitivity to the drug. 

Warnings: Caution patients about 
possible combined effects with alcohol and 
other CNS depressants. As with all CNS- 
acting drugs, caution patients against 
hazardous occupations requiring complete 
mental alertness (e.g., operating machinery, 
driving). Though physical and psychological 
dependence have rarely been reported on 
recommended doses, use caution in admin- 
istering to addiction-prone individuals or 
those who might increase dosage; with- 
drawal symptoms (including convulsions), 
following discontinuation of the drug and 
similar to those seen with barbiturates, have 
been reported. Use of any drug in preg- 
nancy, lactation, or in women of childbearing 
age requires that its potential benefits be 
weighed against its possible hazards. 

Precautions: In the elderly and debili- 
tated, and in children over six, limit to small- 
est effective dosage (initially 10 mg or less 
per day) to preciude ataxia or oversedation, 
increasing gradually as needed and toler- 
ated. Not recommended in children under 
six. Though generally not recommended, 
if combination therapy with other psycho- 
tropics seems indicated, carefully consider 
individual pharmacologic effects, particu- 
larly in use of potentiating drugs such as 
MAO inhibitors and phenothiazines. Observe 
usual precautions in presence of impaired 
renal or hepatic function. Paradoxical reac- 
tions (e.g., excitement, stimulation and acute 
rage) have been reported in psychiatric 
patients and hyperactive aggressive chil- 
dren. Employ usual precautions in treatment 
of anxiety states with evidence of impending 
depression; suicidal tendencies may be 
present and protective measures necessary. 
Variable effects on blood coagulation have 
been reported very rarely in patients receiv- 
ing the drug and oral anticoagulants; causal 
relationship has not been established 
Clinically. 


Adverse Reactions: Drowsiness, ataxia 
and confusion may occur, especially in the 
elderly and debilitated. These are reversible 
in most instances by proper dosage adjust- 
ment, but are also occasionally observed at 
the lower dosage ranges. In a few instances 
syncope has been reported. Also encoun- 
tered are isolated instances of skin erup- 
tions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal 
symptoms, increased and decreased libido 
—all infrequent and generally controlled 
with dosage reduction; changes in EEG 
patterns (low-voltage fast activity) may 
appear during and after treatment; blood 
dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been 
reported occasionally, making periodic 
blood counts and liver function tests advis- 
able during protracted therapy. 

Usual Daily Dosage: Individualize for 
maximum beneficial effects. Ora/— Adults: 
Mild and moderate anxiety and tension, 5 or 
10 mg t.i.d. or q.i.d.; severe states, 20 or 
25 mg t.i.d. or q.i.d. Geriatric patients: 5 mg 
b.i.d. to q.i.d. (See Precautions.) 

Supplied: Librium® (chlordiazepoxide 
HCl) Capsules, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500; Tel-E-Dose® 
packages of 1000. Libritabs® (chlordiaz- 
epoxide) Tablets, 5 mg, 10 mg and 25 mg— 
bottles of 100 and 500. With respect to 
clinical activity, capsules and tablets are 
indistinguishable. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


Adjunct to cardiovascular drug therapy 


Librium (chlordiazepoxide HCl) is used concomitantly 
with certain specific medications of other classes of drugs, 
e.g., cardiac glycosides, diuretics and antihypertensive agents, 
whenever anxiety is a Clinically significant factor. 


for relief of excessive anxiety in functional 


and organic cardiac disorders 


Librium 


(chlordiazepoxide HCI) 
5-mg, 10-mg, 25-mg capsules 
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For Mazola facts and figures, write: Nutrition Informatio 
Also available free for patients beginning a 


The unique 


-tato Powder 


potassium chloride supplement 
with the natural 
tomato juice flavor 


Description: Spray-dried tomato powder containing 20 mEq 
potassium (equivalent to 1.5 Gm KCl) per measured dose with natural 
and synthetic flavors, spices and colors. Benzoic acid and potassium 
benzoate added as preservatives. When reconstituted as directed, makes 
a pleasantly flavored, low sodium tomato juice drink 

Indications: The prevention or correction of potassium deficit, 
particularly when accompanied by hypochloremic alkalosis in conjunc- 
tion with thiazide diuretic therapy, in digitalis intoxication, or as the 
result of long-term corticosteroid therapy, low dietary intake of potas- 





sium, or excessive vomiting or diarrhea 
Contraindications: Potassium is contraindicated in severe renal 
impairment involving oliguria, anuria or azotemia, in untreated Addi- 
son's disease, adynamia episodica hereditaria, acute dehydration, heat 
cramps, hyperkalemia trom any cause 
Precautions: Kato Powder is a concentrate and should be taken only 
after reconstituting with water as directed. Do not use in patients with 
low urinary output or renal decompensation. Administer with caution; 
it is impossible accurately to assess the extent of potassium depletion, or 
the daily dose required. Excessive dosage may result in potassium intox1- 
cation. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations 
of potassium ion may cause death through cardiac depression, arrhyth- 
mias or arrest. Use with caution in patients with cardiac disease. 
Adverse Reactions: Vomiting, diarrhea, nausea, and abdominal 
discomfort may occur. Gross overdosage may produce signs and symp- 
| toms of potassium intoxication: mental confusion, listlessness, pares- 
CARDIO-PLUS á # j thesia of the extremities, weakness and heaviness of legs, flaccid 

r paralysis, hyperkalemia, ECG abnormalities, fall in blood pressure, 
cardiac arrhythmias and heart block. The characteristic changes in the 
ECG are disappearance of the P wave, widening and slurring of QRS 
complex, changes of the S-T segment, tall peaked T waves, etc 
Toxicity: l’otassium intoxication may result from overdosage of 
potassium or from therapeutic dosage in conditions stated under 
“Contraindications.’ Hyperkalemia, when detected, must be treated 
immediately because lethal levels can be reached in a few hours 
Treatment of Hyperkalemia: |. Dextrose solution 10% or 25% 
containing 10 units of crystalline insulin per 20 Gm dextrose, given LV 


in a dose of 300cc to 500cc in an hour. 2. Adsorption and exchange ot 





A new service kit to help 
doctors keep their electrodes orally or as retention enema. 3. Hemodialysis or peritoneal dialysis 
in good condition by putting 4. Elimination of potassium-containing toods and medicaments 


potassium using sodium or ammonium cycle cation exchange resin, 

Warning: Digitalis toxicity can be precipitated by lowering the plasma 
i i potassium concentration too rapidly in digitalized patients 

a SI Iver plati ng on them as Administration and Dosage: Mix with water to make a pleasant 
tomato juice drink. The unit dose packet and the dose-measure supplied 

they become worn th rough use in the can each provide 20 mEq of potassium. Usual adult dose—1 packet 

= é or | measure of Kato Powder mixed with about 2 ounces of water 
from body acids a nd clea n | ng twice daily—supplics 40 mEq potassium per day. Take with meals or 
4 follow with % glass of water. Larger doses may be required, but should 
sol utions. Insures necessa ry be administered under close supervision because of the possibility of 
: r potassium intoxication 
good contact with micro-volt How Supplied: 
charges of the human body. 


For use on: - EKG « Monitors 
- Defibrillator - Paddles 
- Pacemakers -° Electric Shock 


Units, etc. 
rot 64.96 te 


Potassium 
Chloride 
OOA 


ADVANCE D 
MEDICAL ELECTRONICS 


3742 Sixth Ave., San Diego, California 92103 
Tel (714) 291-0201 8 oz can (40 doses) with 20 mEq dose-measure. 





Ingram Pharmaceutical Company / San Francisco, Ca 94111 
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in potassium therapy 
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Kato Powder is KCl 
blended with natural 
tomato powder and subtle 
spices. Mixed with a mere 
2 ounces of cold water, 

it provides a dose of 
potassium chloride ina 
good tasting low sodium 
tomato juice drink. 
Refreshingly different. 
Patients take it and like it! 












Will his return 
the return of undue 





When it’s mandatory 
-to keep the postcoronary 
aaa patient calm, consider 

T Valium” (diazepam). 
i Although he’s promised 
Mis ‘otake it easy back on the 
es _ job, you know he’s going 

~ back to the same stressful 
7 circumstances that may have 
contributed to his Se iictlvarion If he experiences 
excessive anxiety and tension because of overreaction to 
stress, your prescription for Valium can bring 
relief. During the period of readjustment, Valium 
can quiet undue anxiety. 

For moderate states of psychic tension, 5-mg or 

2-mg Valium tablets b.i.d. to q.i.d. can usually 


rp Laboratories 
Division of Hoffmann-La Roche Inc. 
Nu they. N.J. 07110 





towork mean 
psychic tension? 





provide reliable relief. For severe tension-anxiety 
states, the 10-mg tablets often produce desired results. 
On proper maintenance dosage, Valium seldom 
dulls the senses or interferes with alertness. Valium is 
generally well tolerated; the most commonly reported 
side effects are Airciness ataxia 
and fatigue. Until Reto ial 
response is determined, E 
caution patient against driving ; 
or operating dangerous a 
machinery. 






Please see following 
page for prescribing 


information. V li = 


adem 
For the tense cardiac patient who must be kept calm 





If the cardiac patient has 
nighttime psychic tension, an 
h.s. dose added to the t.i.d. 


schedule can ensure a restful 


night’s sleep. 





(diazepam) 
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2-mg, 5-mg, 10-mg tablets 
When the tense cardiac patient must be kept caln 





Before prescribing, please consult 
complete product information, a 
summary of which follows: 

indications: Tension and anxiety 
states; somatic complaints which are 
concomitants of emotional factors; 
psychoneurotic states manifested by ten- 
sion, anxiety, apprehension, fatigue, 
depressive symptoms or agitation; symp- 
tomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to 
acute alcohol withdrawal; adjunctively in 
skeletal muscle spasm due to reflex 
spasm to local pathology, spasticity 
caused by upper motor neuron disorders, 
athetosis, stiff-man syndrome, convulsive 
disorders (not for sole therapy). 

Contraindicated: Known hypersensi- 
tivity to the drug. Children under 6 
months of age. Acute narrow angle glau- 
coma; may be used in patients with open 
angle glaucoma who are receiving 
appropriate therapy. 

Warnings: Not of value in psychotic 
patients. Caution against hazardous 
occupations requiring complete mental 
alertness. When used adjunctively in 
convulsive disorders, possibility of 
increase in frequency and/or severity of 
grand mal seizures may require increased 
dosage of standard anticonvulsant 
medication; abrupt withdrawal may be 
associated with temporary increase in 
frequency and/or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. 
Withdrawal symptoms (similar to those 
with barbiturates and alcohol) have 
occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and 
muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under 
careful surveillance because of their 
predisposition to habituation and de- 
pendence. In pregnancy, lactation or 
women of childbearing age, weigh po- 
tential benefit against possible hazard. 

Precautions: If combined with other 
psychotropics or anticonvulsants, 
consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors 
and other antidepressants may potentiate 
its action. Usual precautions indicated 
in patients severely depressed, or with 
latent depression, or with suicidal 
tendencies. Observe usual precautions in 
impaired renal or hepatic function. Limit 
dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia 
or oversedation. 

Side Effects: Drowsiness, confusion, 
diplopia, hypotension, changes in libido, 
nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in 
salivation, slurred speech, tremor, vertigo, 
urinary retention, blurred vision. 


Paradoxical reactions such as acut 
hyperexcited states, anxiety, hallu 
tions, increased muscle spasticity, 
insomnia, rage, sleep disturbance: 
stimulation have been reported; sh 
these occur, discontinue drug. Isol 
reports of neutropenia, jaundice; çp 
blood counts and liver function tes 
advisable during long-term therap' 
Dosage: |ndividualize for ma) 
beneficial effect. Adults: Tension, . 
and psychoneurotic states, 2 to 10 
b.i.d. to q.i.d.; alcoholism, 10 mgt 
q.i.d. in first 24 hours, then5 mgt 
or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg 
or q.i.d.; adjunctively in convulsive 
disorders, 2 to 10 mg b.i.d. to q.i.d 
Geriatric or debilitated patients: 2 
mg, 1 or 2 times daily initially, incr 
as needed and tolerated. (See 
Precautions.) Children: 1 to 242 mı 
or q.i.d. initially, increasing as nee: 
tolerated (not for use under 6 mon 
Supplied: Valium® (diazepan 
Tablets, 2 mg, 5 mg and 10 mg; bc 
of 100 and 500. All strengths also. 
able in Tel-E-Dose® packages of 1C 


Roche Laboratories 
Division of Hoffmann-La 
Nutley, N.J. 07110 
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g | “So precious . . . Even to the old 
J The hours are as a miser's coins!” 
@ 


Thomas Bailey Aldrich 


The Lillehei-Kaster Pivoting 
Disc Prosthetic Heart Valve - 
designed to meet the require- 
ments of hemodynamic effi- 
ciency with minimal gradients 
and regurgitant flows at phys- 
iologic outputs! — in human 
clinical application for over 
three years. 
The Pivoting Disc Prosthesis 
presents these outstanding 
features: 
Inereased Effective Flow 

Margest effective orifice 

wm nighest cardiac output 
slower pressure gradients 
minimal regurgitation 
cóñtrolled marginal back-flow 
Minima! Flow Obstruction 
OW incidence of hemolysis 
Opumized central laminar flow 
negigibie flow stasis 
Spomtancous disc response 


Bood Compatible Materials 
Hee-tioang Pyrolite’ disc 
low profile titanium housing 


Our technical: specialists will 
be pleased to demonstrate the 
Pivoting Dise Prosthesis and 
discuss clinical and laboratory 
findings. 


MEDICAL INCORPORATED - 5200 WEST 78th STREET, MINNEAPOLIS. MINNESOTA 55435 - TELEPHONE 612/929-3331 MEDICAL 


Lillehei, C.W., et al., “Heart Valve Replacement with the Lillehei-Kaster Favating Disc Prosthesis.” Presented 


it the Southern African Cardiac Society 8th Biennial Cardiac Congress, July 1972, Durban, South Africa j] (C0) E orate § 


* Pyrolite is the registered trademark of Guif ra and Environmental Systems, . Int 





An easier way 
to get better records 


in your 
cardiac cath lab. 





Start using a Brush 2300 Monitoring Sy 
as a leading hospital in Canton, Ohic 
several months ago. 

The system, which replaced a q 
photographic process, simultaneously 
plays two ECG’s and two cardiac pres: 
fm ona4-channel CRT scope and a c 
© Analog waveforms are superimposec 
~ the wave amplitudes intensified on tr 
paper chart. 

Which makes for fast, easy rea 
; And a record thats instantly availabl 
, evaluation and review. 

a oe Whats more, lab personnel sa 
Brose 2300 Ep iS Single to operate. Easy to work with, even in dim 
And since it's self-calibrating once set-up, it doesn't require adjustir 
constant attention. 

Because the record is on paper rather than on expensive film, you car 
cut film and processing costs and save time. 

One more thing. The Brush 2300, the fastest writing recorder Gould m 
has a 1000 Hz frequency response. So it can be used to capture fle 
transients. 

Like to find out more? Send for technical information. Just contact C 
Inc., Instrument Systems Division, 3631 Perkins Ave., Cleveland Ohio 4 
Telephone (216) 361-3315. Or Rue Van Boeckel 38, Brussels 1140 Bel 





BRUSH INSTRUMENTS 
=" GOU 
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TOLA 
embolism 


[heSilent Threat 


“Thrombotic phenomena now occupy first 
place as a complicating factor, if not the 
cause, of mortality as determined in all autopsy 
series in the United States today. Thrombotic 
disease has become an increasingly impor- 
tant cause of disability and death as infectious 
diseases have responded to chemotherapy 
and as public health measures have become 
increasingly effective.” 


Contributing to the seriousness of the problem 
is the fact that “At present there is no satisfac- 
tory technique for the recognition in man of the 
incipient or active thrombotic state.”' There 
are, however, a number of factors which are 
known to predispose to thrombus formation 
and potentially fatal embolism. Recognition of 
these factors, plus the application of adequate 
prophylactic and therapeutic measures, could 
contribute significantly toward decreasing the 
morbidity and mortality caused by ‘the silent 
threat. 





The population at risk 


Although such modern techniques as 
isotopic lung scanning, the radioactive 
fibrinogen uptake test, and the Doppler 
ultrasound flow detector show promise 
of permitting early detection of 
thrombus formation, it is generally 
agreed that these methods are not 
completely accurate as diagnostic 
tools, nor are they practical for large- 
scale patient screening. As a result, 
most physicians rely on the presence 
of known predisposing factors as a 
means of identifying patients who are 
especially prone to venous thrombosis 
and pulmonary emboli. 





The high risk groups 

As one authority has noted, these high 
risk “...groups include severely injured 
patients, particularly those over age 50 
who have fractures of the pelvis, hip, or 
lower extremities; those undergoing 
elective cup arthroplasty or pelvic 
surgery; those immobilized or com- 
pletely bedridden; those with a pre- 
vious history of venous thrombosis or 
pulmonary embolism; those with 
severe obesity or congestive heart fail- 
ure, or any combination of the above 
categories. 


Myocardial infarction: 

a special high risk category 
Patients with acute myocardial infarction 
comprise another high risk group, espe- 
cially if they have “...large transmural 
infarctions, previous infarction or angina, 
severe hypotension or shock, congestive 
heart failure, chronic atrial fibrillation, or 
past history of venous thrombosis or 
embolism.’ 


Therapy to lessen the risk 


In patients with conditions known to predispose 
them to thrombosis and potentially fatal pulmonary 
embolism — the high risk groups — the use of anti- 
coagulant therapy can be of significant benefit. As 
one investigator recently remarked: “If [the physi- 
cian] believes that the risk of embolism is high he 
should use the only proved form of prevention, 
anticoagulation.” 


With special regard to pulmonary embolism, it has 
been noted that “...a pulmonary infarct proves the 
existence of intravenous thrombosis and should 
be considered as a warning of possible further 
emboli. It is generally accepted that diagnosis of 
pulmonary infarction justifies the immediate appli- 
cation of anticoagulant therapy. Heparin is usually 
used initially, then oral anticoagulants (most com- 
monly warfarin). The length of such therapy is 
often arbitrary, averaging four to six weeks, but 
depends on the extent and chronicity of the 
venous disease, whenever these can be deter- 
mined.” * 


Myocardial infarction: 
a special case 
for longer term therapy 


Following acute myocardial infarction patients are 
especially prone to such thromboembolic compli- 
cations as mural and venous thrombosis and pul- 
monary and systemic emboli. The increased risk is 
due to reduced cardiac output, reduced arterial 
perfusion of the limbs, hypercoagulability (in the 
presence of cardiac ischemia), and venous pool- 
ing in the lower limbs — all of which may induce 
venous stasis leading to potentially fatal thrombus 
formation and embolization. 


Because of the great risk of thromboembolic 
complications after myocardial infarction, anti- 
coagulant therapy is widely recommended. As 
noted in a recent study, “...an excellent case can 
be made for the use of anticoagulants for the 
prevention of thromboembolic complications [fol- 
lowing acute myocardial infarction].”° 





With regard to duration of therapy, although there 
is NO consensus, it is generally agreed that anti- 
coagulants should be given for as long as observ- 
able benefits persist. In a study of 735 myocardial 
infarction patients treated with COUMADIN or 
another coumarin derivative: “Results indicate that 
anticoagulant therapy reduces the death rate sig- 
nificantly during the first three years after an acute 
myocardial infarction. However, survival rates con- 
verge after the third year, and by the fifth year 
there is no difference in survival of treated and 
untreated groups. Therapy appeared to be more 
effective in patients who had experienced more 
than one infarction. The incidence of recurrent 
infarction and congestive heart failure was less in 
the group treated with anticoagulants.’ 


Another investigator expressed his opinion on the 
duration of therapy by remarking that “...male 
patients on anticoagulants during the acute phase 
of myocardial infarction can logically be kept on 
them for 2 or 3 years when feasible. Such treat- 
ment can be recommended especially to men 
under age 55 and to men who have had a 
previous history of angina pectoris, myocardial 
infarction, or both, since they are the ones most 
likely to benefit.’ 


References: 

1. Report of Inter-Society Commission for Heart Disease 
Resources, Sub-Committee on Thromboembolism, Wes- 
sler, S. (Chairman), et al.: Circulation 47 :A-31 (June) 1970. 

2. Borden, C.W.: Med. Clin. North America 56:235 (Jan.) 1972. 

3. Browse, N.L.: New England J. Med. 287:145 (July 20) 1972. 

4. Selzer, A.: Medical World News: Cardiovascular Review, 
1972, p. 88. 

5. Ebert, R.V.: Circulation 45:903 (April) 1972. 
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COUMADIN’ 


(crystalline 
sodium warfarin) 


*present as Crystalline sodium warfarin isopropanol clathrate 


Please refer to brief summary of prescribing information on last page of this advertisement. 
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COUMADIN (crystalline sodium warfarin) BRIEF SUMMARY 


EFFECTIVENESS: Coumadin® (crystalline sodium warfarin) is indi- 
cated for the prophylaxis and treatment of venous thrombosis and its 
extension, the treatment of atrial fibrillation with embolization, the 
prophylaxis and treatment of pulmonary embolism, and as an 
adjunct in the treatment of coronary occlusion. 
CONTRAINDICATIONS: Hemorrhagic blood dyscrasias. Recent 
or contemplated surgery of: (1) central nervous system; (2) eye; (3) 
traumatic surgery resulting in large open surfaces. Bleeding ten- 
dencies associated with active ulceration or overt bleeding of: 
(1) gastrointestinal, genitourinary or respiratory tracts; (2) cerebro- 
vascular hemorrhage; (3) aneurysms—cerebral, dissecting aorta; (4) 
pericardial effusions; (5) subacute bacterial endocarditis. Threat- 
ened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities, or lack of patient cooperation. Miscellaneous: 
polyarthritis, vitamin C deficiency, major regional block anesthesia. 


WARNINGS: Administration of anticoagulants in the following con- 
ditions will be based upon clinical judgment in which the risk of 
hemorrhage due to anticoagulants is weighed against the risk of 
thrombosis or embolization in untreated cases. The following may be 
associated with increased risk of hemorrhage: Pregnancy -— oral 
anticoagulants pass through the placental barrier, and the danger of 
hemorrhage to the fetus exists even to the point of fatal hemorrhage 
in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are 
essential. Lactation — coumarins may pass into the milk of mothers 
and cause a prothrombinopenic state in the nursing infant. 
Prolonged dietary deficiency (cachexia, vitamin K). Severe to 
moderate hepatic or renal insufficiency. Infectious diseases or 
disturbances of intestinal flora — sprue, antibiotic therapy. Severe 
trauma of head, bones or muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed raw surfaces. Indwelling 
catheters. Spinal puncture. Severe to moderate hypertension. 
Miscellaneous: polycythemia vera, vasculitis, severe diabetes, 
menometrorrhagia, allergic and anaphylactic disorders. 

Abrupt cessation of anticoagulant therapy is not generally recom- 
mended; taper dose gradually over three to four weeks. 
PRECAUTIONS: Periodic determination of prothrombin time is 
essential. 

Numerous factors, alone or in combination, including travel, 
changes in diet, environment, physical state and medication 
may influence response of the patient to anticoagulants. It is 
generally good practice to monitor the patient’s response with 
additional prothrombin time determinations whenever other 
medications are initiated, discontinued or taken haphazardly. 
The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 

The following factors, alone or in combination, may be 
responsible for increased prothrombin time response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; conges- 
tive heart failure; diarrhea; elevated temperature; hepatic disorders 
—infectious hepatitis, jaundice; poor nutritional state; vitamin K 
deficiency — steatorrhea. 

EXOGENOUS FACTORS: Alcoholf; allopurinal; anabolic steroids; 
antibiotics; bromelains; chloral hydratet; chlorpropamide; chymo- 
trypsin; cinchophen; clofibrate; Coumadin® (crystalline sodium war- 
farin) overdosage; dextran; dextrothyroxine; diazoxide; dietary 
deficiencies; diureticst; disulfiram; drugs affecting blood elements; 
ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhala- 
tion anesthetics; mefenamic acid; methylphenidate; monoamine 
oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbu- 
tazone; phenyramidol; prolonged hot weather; prolonged narcotics; 
quinidine; quinine; salicylates (in excess of 1 Gm./day); sulfin- 
pyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; 
triclofos sodium; unreliable prothrombin time determinations. 
tincreased and decreased prothrombin time responses have been reported 


The following factors, alone or in combination, may be 
responsible for decreased prothrombin time response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary 
resistance to coumarin therapy; hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; ant- 
acids; antihistamines; barbiturates; chloral hydratet; chlordiazepox- 
ide; cholestyramine; Coumadin® (crystalline sodium warfarin) 
underdosage; diet high in vitamin K (vegetables, fish, fish oil, 
onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; halo- 
peridol; meprobamate; oral contraceptives; paraldehyde; primidone; 
rifampin; unreliable prothrombin time determinations; vitamin C. 
tincreased and decreased prothrombin time responses have been reported 


A patient may be exposed to a combination of the above factors, 
some of which may increase and some decrease his sensitivity to 
Coumadin. Because the net effect on his prothrombin time response 
may be unpredictable under these circumstances, more frequent 
laboratory monitoring is advisable. 
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ADVERSE REACTIONS: Potential side effects of Coumadin® (crys- 
talline sodium warfarin) include: 1. Minor or major hemorrhage from 
any tissue or organ—which is an extension of the physiologic activity 
of prothrombinopenia. Bleeding during anticoagulant therapy does 
not always correlate with prothrombin activity. (See TREATMENT 
FOR OVERDOSAGE.) Bleeding which occurs when the prothrombin 
time is within the therapeutic range warrants diagnostic investigation 
since it may unmask a previously unsuspected lesion, e.g. tumor, 
ulcer etc. 2. Side effects other than hemorrhage are infrequent and 
consist of alopecia, urticaria, dermatitis, fever, nausea, diarrhea, 
hypersensitivity reactions and an extremely rare reaction consisting 
of hemorrhagic infarction and necrosis of the skin. 

TREATMENT FOR OVERDOSAGE: Excessive prothrombinopenia, 
with or without bleeding, is readily controlled by discontinuing 
Coumadin® (crystalline sodium warfarin), and if necessary, the oral 
or parenteral administration of vitamin Ki. The appearance of micro- 
scopic hematuria, melena, petechiae or oozing from nicks made 
while shaving are early manifestations of hypoprothrombinemia 
beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omis- 
sion of one or more doses of Coumadin® (crystalline sodium war- 
farin) may suffice; and if necessary, small doses of vitamin Ki 
(Mephyton®*) orally, 2.5 mg., will usually correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin 
Kı (AquaMephyton®"*) in doses of 10 to 25 mg. may be given paren: 
terally. (Please note recommendations accompanying vitamin K 
preparations prior to use.) Fresh whole blood transfusions should be 
considered in cases of severe bleeding or prothrombinopenic states 
unresponsive to vitamin Ki. 

Resumption of Coumadin® (crystalline sodium warfarin) adminis- 
tration reverses the effect of vitamin Ki, and a therapeutic hypo- 
prothrombinemia level is readily obtained. 

*Trademark, Merck Sharp & Dohme. 


For complete prescribing information, including dosage and labo- 
ratory control, see package circular. 
SUPPLIED: Tablets: Coumadin® (crystalline sodium warfarin) for 
oral use, single scored, imprinted numerically with potency as 
follows: 2 mg. lavender, 2⁄2 mg. orange, 5 mg. peach, 7 ¥2 mg. yellow, 
10 mg. white, 25 mg. red. In bottles of 100 and 1000. Also available in 
Hospital Unit-Dose blister package of 100. Injection: Available as 
single injection units of amorphous sodium warfarin lyophilized for 
intravenous or intramuscular use in a box of 6 units, 50 mg.: Unit con- 
sists of 1 vial, 50 mg.; sodium chloride, 10 mg.; thimerosal, 0.2 mg. 
accompanied by a 2 ml. ampul Sterile Water for Injection. 75 mg.: 
Unit consists of 1 vial, 75 mg.; sodium chloride, 15 mg.; thimerosal, 
0.3 mg. accompanied by a3 ml. ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other sub- 
stance, and it is not suitable for intravascular injection without first 
having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 
Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 
25,866). Registered trademark of Wisconsin Alumni Research Foundation. 
Physician and Patient Aids Available on Request—record charts 
for you, dosage calendars and instruction folders, including iden- 
tification cards, for your patients. For a free supply of any or all of 
these aids, ask your Endo representative or write to Director of Pro- 
fessional Services. 


COUMADIN’ 


(crystaline 
sodium warfarin) 


*present as crystalline sodium warfarin isopropanol clathrate 


Endo Laboratories, Inc. PIND 


Subsidiary of E. |. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 














Now you can monitor the cardia 
anywhere. Just as if he were still in a hos} 
CCU. Vida,” the portable pocket-size arrhythmic 
warning system, makes it possible. 

You can set Vida to the VPC, tachycardia and 
bradycardia limits critical to your patient. Should 
any of these be reached or surpassed, Vida 


: y. the telephone, 
smits the ECG for immediate recording 


f Vida are available now. 






VIDA MEDICAL SYSTEMS 


CARDIODYN ! 
DUBLIN, CALIF.94566 


6841 DUBLIN 


If you could see what 
aldosterone is doing 

in your essential 
hypertension patients... 
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Hypertensive patients appear to overreact to 
aldosterone. While aldosterone normally helps 
regulate blood pressure levels,'? it produces a 
greater increase in vascular reactivity in hyperten- 
sives than in normotensives.? Thus “...normal 
production of aldosterone in patients with sustained 
hypertension may represent inappropriately high 
levels in relation to their hypertension.’ 


A significant percentage of patients with essen- 
tial hypertension may have elevated aldosterone 
secretion levels. 


An increase in aldosterone secretion often 
follows treatment with thiazides. 


Potassium depletion often follows the secondary 
aldosteronism induced by thiazides. 








Spironolactone is the only available direct 
competitive aldosterone antagonist—and it ap- 
pears to block the action of aldosterone wherever 
aldosterone acts in the body. 


With ALDACTAZIDE, your patient benefits from 
additive antihypertensive actions. The antihyper- 
tensive effects of spironolactone and hydrochloro- 
thiazide are approximately equal,’ but are based 
on different physiologic mechanisms.*° 


It is important to note in this respect that triamterene 
has little or no antihypertensive action. 


* Special advantage for the hypertensive patient 
with potential diabetes or gout—Unlike thiazides, 
spironolactone lowers blood pressure without 
altering glucose or urate metabolism. In 
ALDACTAZIDE, the combination often permits a 
reduction in the dose-related hyperglycemic or 
hyperuricemic effect of the thiazide component. 


With ALDACTAZIDE, spironolactone helps 
maintain potassium balance. Potassium loss due 
to the thiazide component is minimized or 


eliminated. 


* Special advantage for the digitalized hypertensive 
patient—Preventing potassium loss is especially 
critical in order to avert digitalis toxicity. Aldactazide 
should be given cautiously to patients with elevated 
serum potassium levels. Periodic determinations 


.. youd see the reasons for 
starting antihypertensive 
treatment wit 











spironolactone 25 mg. with 
hydrochlorothiazide 25 mg. 


of serum potassium will guard against the possi- 
bility of either hyperkalemia or hypokalemia. 











Rheumatic fever prevention. 

Here's true convenience for patients who 
must receive prophylactic penicillin indef- 
initely. A prolonged-action penicillin— 
benzathine penicillin G. Recommended as 
the method of choice* to prevent strepto- 
coccal infection and possible recurrence of 
rheumatic fever. A single monthly injection 
(1,200,000 units) offers continuous prophy- 
laxis in most patients. 


Action against strep. 

In therapy of mild to moderate group A strep- 
tococcal pharyngitis (without bacteremia), 
prolonged action again commends this 
penicillin, named by authorities a method of 
choice* Just one injection (600,000 to 
900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concen- 
trations for the ten days considered 
necessary to eradicate the streptococci and 
preclude the initial onset of rheumatic fevert 


*Rheumatic Fever Committee of the Council on Rheumatic 
Fever and Congenital Heart Disease of the American Heart 
Association. 


Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum levels 
common to this dosage form. Therapy should be guided by bacterio- 
logical studies (including sensitivity tests) and clinical response. 

The following infections usually respond to adequate dosage of IM 
benzathine penicillin G. 
Streptococcal infections (Group A—without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections —Syphilis, yaws, bejel, and pinta. 

Medical Conditions in which 
Benzathine Penicillin G Therapy 
is indicated as Prophylaxis: 
Rheumatic fever and/or chorea — 
Prophylaxis with benzathine penicillin 
G has proven effective in preventing 
recurrence of these conditions. 
It hasalso been used as followup 
prophylactic therapy for rheumatic 
heart disease and acute glomerulonephritis. 
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- Month-lon 
rheumatic feve 


prophylaxis , 
gives freedom from 
daily dosage. 








FOR DEEP INTRAMUSCULAR INJECTION ONLY. 
Contraindications: Previous hypersensitivity reaction to any penicillin. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins. 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history of 
penicillin hypersensitivity. Before penicillin therapy, carefully inquire 
into previous hypersensitivity to penicillins, cephalosporins and other 
allergens. If allergic reaction occurs, discontinue drug and treat with 
usual agents, e.g., pressor amines, antihistamines and corticosteroids. 


Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or near 
major peripheral nerves or blood vessels, since such injection may 
produce neurovascular damage. 

tin streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequelae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Berea use of antibiotics may promote overgrowth of non- 
susceptible organisms including fungi. Take appropriate measures if 
superinfection occurs. 


Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and other 
serum sickness reactions, laryngeal edema and anaphylaxis. Fever and 
eosinophilia may frequently be only reaction observed. Hemolytic 
anemia, leucopenia, thrombocytopenia, neuropathy and nephropathy 
are infrequent and usually associated with high parenteral doses. 

As ty other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 


Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc.—10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg. polyvinyl- 
pyrrolidone, 1 mg. carboxymethylcellulose, 0.5 mg. sorbitan mono- 
palmitate, 0.5 mg. poigoxyethyone sorbitan monopalmitate, 0.14 mg. 
propylparaben and 1.2 mg. methylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needie unit) Wyeth, 
packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. single- 
dose disposable syringe. 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate buffer 
and, as w/v, approximately 0.5% lecithin, 0.4% carboxymethylcellulose, 
0.4% polyvinylpyrrolidone, 0.01% propylparaben and 0.09% 
methylparaben. 
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STABLE ANGINA OR PRE-INFARCTION ANGINA? 


DIFFERENTIAL DIAGNOSIS OF STABLE 
ANGINA PECTORIS AND PRE-INFARCTION ANGINA 


STABLE ANGINA PECTORIS | PARAMETERS! PRE-INFARCTION ANGINA 


over sternum, over sternum, 
often spread- often spread- 












































ing across ing across 
the chest LOCATION _ the chest 
OF 
PAIN 
to either or to either or 
both arms, both arms, 
neck, or jaw, neck, pa ae 
or any 
e OR RADIATION contiepition 
thereof | OF thereof 
PAIN 
usually sub- lasts more 
sides within than 5 
1 to 5 minutes 
minutes DURATION 
OF 
PAIN 


pressure or heavy discomfort similar but more intense 


CHARACTER 
OF 
PAIN 











sweating and 
weakness 
in most 
patients 









ASSOCIATED 
SYMPTOMS 


usually none 







exertion, 
emotion, 
eating, cold 
weather, 
lying down 


PRECIPITATING 
FACTORS 








b 
street FACTORS ae 
nitroglycerin may give 

RELIEF incomplete or 
FROM AN only toe 
ANGINAL 


ATTACK 





transient S-T segment 
depression (flat or 
downsloping), 
disappearing with 
relief of pain 


S-T segment depression, 
usually long lasting: 
T-wave inversions often 
appear and persist; 
occasionally the ECG 
may be normal. 


ELECTRO- 
CARDIOGRAM 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS"... 


e terminate or reduce the 
severity and frequency of 
acute angina pectoris 
attacks 

e provide prophylaxis 
against anginal attacks 
often caused by 
unavoidable everyday 
stress 


ISORDIL 
SUBLINGUAL 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 


*Indications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

“Probably” effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 













Contraindication: Idiosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. (Zoe 


New York, N.Y. ® 
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INJECTION 
20 ml. ampule 
contains 300 mg 





In hospitalized patients 
when there's pressure 





for immediate control... 


Before prescribing see full product information on back page. 


Reduces diastolic 
pressure quickly — 
often in 1 or 2 
minutes 


HYPERSTAT I. V. Injection combines 

direct-action antihypertensive potency 
and rapid administration for prompt 
and urgent reduction of accelerated 
diastolic pressure. Diastolic pressure 
drops within 5 minutes, often in 1 or 
2 minutes. 

Maximal effects generally follow a 
30-second-or-less I.V. “push” into a 
peripheral vein of a recumbent hos- 
pitalized patient. Slow injection may 
not reduce pressure or may produce 

a brief response. Use of an appro- 
priate diuretic can overcome treat- 
ment failure from increased extra- 
cellular fluid. A second injection is 
given if the first fails to give an 

adequate response in 30 minutes. 
Since repeated administration of 
HYPERSTAT I. V. Injection can 
lead to sodium and water reten- 
tion, administration of an appro- 
priate diuretic may be neces- 
sary for both maximal blood 
pressure reduction in patients 
with sodium and water reten- 
tion and to avoid congestive 
failure. 
Hypertensive emergency in 
malignant hypertension is 
usually promptly controlled. 
Treatment of this hyperten- 
sive emergency with 
HYPERSTAT I. V. Injection 
should be limited to a few 
days and a regimen of oral 
antihypertensive medica- 
tion should be instituted 
as soon as possible. 

HYPERSTAT I. V. 

Injection is ineffective 
against hypertension 
due to pheochromocy- 
toma. Moreover, the 
drug should not be 
used in compensatory 
hypertension associ- 
ated with aortic 
coarction or arterio- 
venous shunt. 
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E tua | e 
a a a after a single 
rapid intravenous in- 
jection of 300 mg., 
it [HYPERSTAT 
|. V.] promptly re- 
duces blood pres- 

sure usually to 
normal levels." 


Acts directly 
on ‘pressure 


points” 
of peripheral 
resistance 
(Artistic representation) 
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Increases 

Cardiac output — 
maintains 
coronary, cerebral 
blood flow — 
increased renal 


blood flow after 
initial decrease 


HYPERSTAT I. V. Injection produces a 
prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral 
arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are 
maintained. Renal blood flow is increased 
after an initial decrease. Diazoxide has no 
known direct action on the central nervous 
system. However, as with any potent anti- 
hypertensive, it should be used with care 
in patients with impaired cerebral or car- 
diac circulation, in whom brief reductions 
in blood pressure might be detrimental. 

Patients refractory to other antihyper- 
tensive agents usually remain responsive 
to HYPERSTAT |. V. Injection. 


“The fall in arterial pressure with 
diazoxide is associated with an increase 
in cardiac output...a decrease in total 
peripheral resistance ...and maintenance 
of cerebral blood flow. .."? 


References: 1. Gifford, R. W., Jr.: Drugs For 
Arterial Hypertension” in Modell, W. (ed.): Drugs 
of Choice 1972-1973, St. Louis, The C. V. Mosby 
Company, 1972, p. 391. 2. Finnerty, F. A., Jr., 

et al.: Hypertensive Vascular Disease, The Long 
Term Effect of Rapid Repeated Reductions of 
Arterial Pressure with Diazoxide, Am. J. Cardiol., 
19:377, 1967. 


Management of 
sodium and 
water retention, 
hypotension and 
hyperglycemia 


Sodium and water retention, hypotension, 
or hyperglycemia may occur with 
HYPERSTAT I. V. Injection therapy. 

Special attention is required for patients 
in whom retention of salt and water may 
present serious problems. In sodium 
retention, possible edema and congestive 
heart failure may be avoided with an 
appropriate diuretic, providing adequate 
renal function exists. The concomitant 
administration of diazoxide with thiazides 
or other commonly used potent diuretics 
may potentiate the hyperglycemic, 
hyperuricemic, and antihypertensive 
effects of diazoxide. 

Infrequent episodes of severe hypoten- 
sion at recommended dosage or occa- 


sional undesirable hypotension from over- 


dosage can usually be controlled with 
sympathomimetic drugs such as nore- 
pinephrine. Failure of blood pressure to 
rise in response to this agent suggests 
that the hypotension may be caused by 
something other than HYPERSTAT I. V. 
Injection. 

Hyperglycemia occurs in the majority 
of patients, but usually requires treatment 
only in patients with diabetes mellitus; 
it will respond to the usual management, 
including insulin. 










More than 1000 cases, 


over 12 years of 


clinical investigation 
in acute hypertensive 


Situations support 
HYPERSTAT I.V. 
Injection 
usefulness in 
malignant 
hypertension 


Twelve years of clinical experience with 
HYPERSTAT I. V. Injection confirmed its 
preclinical potential: to exert significant 
antihypertensive action through direct 
effect on peripheral arterioles which 
neither impairs cardiac output nor dimin- 
ishes perfusion of kidneys. 

In over 1000 cases, HYPERSTAT |. V. 
Injection proved useful for emergency 
reduction of blood pressure when prompt 
and urgent decrease of diastolic pressure 
was required. 


Sustains relaxation 
of arteriolar muscle 
with no 


int 2 s AE 
> pat Sek 
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(Artistic Representation) 








F 4 hrs. 8 hrs. 12 hrs. 


General representation of HYPERSTAT I. V. Injection activity up to 12 hours; individual response varies from patient to patient. 
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New...for emergency reduction of blood pressure 
in malignant hypertension 






iDIAZOXIDE 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


DESCRIPTION HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. Each ampule (20 ml.) 
contains 300 mg. diazoxide, a nondiuretic benzothiadiazine derivative, in a clear, colorless, aqueous 
solution; the pH is adjusted to approximately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methy!-2H 
1, 2, 4-benzothiadiazine 1, 1-dioxide. 


ACTIONS HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by relaxing smooth 
muscle in the peripheral arterioles. Cardiac output is increased as blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are maintained. Renal blood flow is increased after an initial decrease. 
Diazoxide has no known direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive to diazoxide. 

Diazoxide is extensively bound to serum protein (>90%). The plasma half-life is 28 + 8.3 hours; however, 
the duration of its antihypertensive effect is variable, generally lasting less than 12 hours. Although an 
antihypertensive response has been obtained with slow infusion or injection, in general, a greater 
antihypertensive effect is obtained with rapid intravenous administration. 


INDICATIONS HYPERSTAT I.V. Injection is indicated for the emergency reduction of blood pressure in 
malignant hypertension in hospitalized patients, when prompt and urgent decrease of diastolic pressure is 
required. Treatment with orally effective antihypertensive agents should be instituted as soon as the 
hypertensive emergency is controlled. 

HYPERSTAT I.V. Injection is ineffective against hypertension due to pheochromocytoma. 


CONTRAINDICATIONS HYPERSTAT I.V. Injection should not be used in the treatment of compensatory 
hypertension, such as that associated with aortic coarctation or arteriovenous shunt. 

The drug should not be used in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Usage in Pregnancy: The safety of HYPERSTAT I.V. Injection in pregnancy has not yet been 
established. 

Information is not available concerning the passage of HYPERSTAT in breast milk. However, it is known 
that diazoxide crosses the placental barrier and appears in cord blood. Like other thiazides, the drug may 
produce fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, and 
possibly other adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT I.V. Injection in children has not yet been established. 

Hypotension may occasionally result from the administration of HYPERSTAT I.V. If hypotension severe 
enough to require therapy occurs, it will usually respond to the administration of sympathomimetic 
agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment only in patients with 
diabetes mellitus; it will respond to the usual management, including insulin. Therefore, blood glucose 
levels should be monitored especially in patients with diabetes or in those requiring multiple injections of 
diazoxide. Hyperglycemia and hyperosmolar coma associated with transient cataracts developed in one 
infant receiving repeated daily doses of oral diazoxide. The disturbed carbohydrate metabolism was 
successfully treated with insulin. Cataracts have been observed in a few animals receiving repeated daily 
doses of intravenous or oral diazoxide. 


Since diazoxide causes sodium retention, repeated injections may precipitate edema and congestive heart 


failure. This retention responds characteristically to diuretic agents if adequate renal function exists. It 
should be noted that concurrently administered thiazides may potentiate the antihypertensive, 
hyperglycemic, and hyperuricemic actions of diazoxide (See Drug Interactions). 

Since increased volume of extracellular fluid may be a cause of treatment failure in nonresponsive 
patients, it may be advisable to reduce this increased volume by means of a diuretic agent. 


Although no evidence of excessive anticoagulant effects has been reported, patients, especially those who 


are hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its derivatives, may require 
reduction in dosage of the anticoagulant (See Drug Interactions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihypertensive agent requiring close 
monitoring of the patient's blood pressure at frequent intervals. Its administration may occasionally cause 
hypotension requiring treatment with sympathomimetic drugs. Therefore, adequate facilities to treat such 
untoward reactions should be available when HYPERSTAT I.V. Injection is used. 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. Because the alkalinity of the 
solution is irritating to tissue, extravascular injection or leakage should be avoided; subcutaneous 
administration has produced inflammation and pain without subsequent necrosis. If leakage into 
subcutaneous tissue occurs, the area should be treated conservatively. 

Maximal antihypertensive effects occur after rapid administration (within 30 seconds) into the vein; a 
slower injection may fail to reduce blood pressure or produce a very brief response. 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used with care in patients 
who have impaired cerebral or cardiac circulation, that is, patients in whom abrupt and brief reductions in 
blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom retention of salt and 
water may present serious problems (See Warnings). Nondiabetic patients may have a transient, reversible, 
and clinically insignificant increase in blood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the blood, patients undergoing 
dialysis may require more than one injection. 


ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention after repeated injections, 
especially important in patients with impaired cardiac reserve; hyperglycemia frequently requiring 
treatment in diabetic patients, especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; myocardial and/or cerebral 
ischemia, usually transient but possibly leading to thrombosis and manifested by angina, atrial and 
ventricular arrhythmias, and marked electrocardiographic changes; unconsciousness, Convulsions, 
paralysis, or confusion; persistent retention of nitrogenous wastes after repeated injections; sensitivity 
reactions, such as rash, leukopenia, and fever. 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vasodilative phenomena, 
such as flushing, generalized or localized sensations of warmth, headache (sometimes throbbing), and 
sweating; orthostatic hypotension, lightheadedness, and weakness of short duration; supraventricular 
tachycardia and palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
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nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the injected vein; celluliti 
without sloughing and/or phlebitis at the site of extravasation; anorexia and alteration of taste; ileus; 
bradycardia; back pain; chest discomfort; dyspnea, choking sensation; apprehension or anxiety, malaise, 
and blurred vision occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in the 
ears; diarrhea and constipation; increased nocturia; euphoria. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may displace other substance 
or drugs which are also bound to protein, such as bilirubin or coumarin and its derivatives. These 
potential interactions must be considered when administering HYPERSTAT (diazoxide) I.V. Injection. The 
concomitant administration of diazoxide with thiazides or other commonly used potent diuretics may 
potentiate the hyperglycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


OVERDOSAGE Overdosage of HYPERSTAT (diazoxide) I.V. Injection may cause an undesirable hypotensio! 
Usually, this can be controlled with sympathomimetic agents, such as norepinephrine; failure of the bloo 
pressure to rise in response to such an agent suggests that the hypotension may have been caused by 
something other than diazoxide. Excessive hyperglycemia resulting from overdosage will respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY In studies involving a number of species, including the rat, 
cat, dog, and monkey, diazoxide has been shown to exert significant antihypertensive actions through its 
direct effect on peripheral arterioles, which neither impairs cardiac function nor seriously diminishes 
perfusion of kidneys. In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin levels by a 
mechanism thought to involve both suppression of insulin release and enhanced catecholamine action. 

Although the data are not conclusive, reproduction and teratology studies in several species of animal 
indicate that diazoxide, when administered during the critical period of embryo formation, may interfere 
with normal fetal development, possibly through altered glucose metabolism. Parturition was 
occasionally prolonged in animals treated at term. 


DOSAGE AND ADMINISTRATION HYPERSTAT LV. Injection is administered undiluted and rapidly by 
intravenous injection to ensure maximal effect. It should only be given into a peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasation of the drug into 
subcutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, blood pressure 
decreases within five minutes, often within one to two minutes, to the lowest level achieved. The blood 
pressure increases relatively rapidly in the next ten to 30 minutes, and then more slowly over the followin; 
two to 12 hours, nearly reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be limited to a few days ar 
regimen of oral antihypertensive medications should be instituted as soon as possible. 

With the patient recumbent, the contents of one 20 ml. ampule containing 300 mg. of HYPERSTAT I.V. 
Injection are administered intravenously in 30 seconds or less. Dilution and administration by infusion oi 
slow injection may fail to reduce the blood pressure or may produce an exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. This dosage may be 
calculated on the basis of 5 mg./kg. body weight (0.3 ml./kg.) (See Warnings). 

A second administration of HYPERSTAT I.V. Injection may be required for a satisfactory reduction in bloc 
pressure, if the first injection fails to give an adequate response within 30 minutes. 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours usually will mainta 
the blood pressure below pretreatment levels until a regimen of oral antihypertensive medication become 
effective. The interval between injections may be adjusted by the duration of the response to each injectic 
It is usually unnecessary to continue treatment with HYPERSTAT I.V. Injection for more than four to five da 

Following the use of HYPERSTAT IV. Injection, the blood pressure should be monitored closely until it ha 
stabilized. Thereafter, measurements taken hourly during the balance of the effect will indicate any unus 
response. A further decrease in blood pressure at 30 minutes or more after injection should be investigati 
for causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the patient remain 
recumbent for half an hour after injection. In ambulatory patients, the blood pressure should be measure 
with the patient standing before surveillance is ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and water retention, 
administration of a diuretic may be necessary both for maximal blood pressure reduction and to avoid 
congestive failure. 


HOW SUPPLIED HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing diazoxide 300 mg. in 
clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 
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Schering Corporation Ce 
Bloomfield, N. J. 07003 


This machine costs 
only °495. 





Can you afford to be without it? 


This is the Physio- 
Control Series 70, a full 
400 watt-second D. C. 
defibrillator. It is one of 
the most valuable pieces 
of emergency equipment 
you can own, though its 
cost is less than any de- 
fibrillator unit now on 
the market. 

The Series 70’s modest 
cost means that hospi- 
tals, clinics, group prac- 
tices, nursing homes even 
private practices can af- 


ford to have a defibrilla- 
tor on hand for cardiac 
emergencies. More im- 
portant, if your practice 
includes the administer- 
ing of general anesthetics 
or the use of other drugs 
or procedures such as 
stress testing that can re- 
sult in ventricular fibril- 
lation, the Series 70 may 
not only save your pa- 
tient’s life, in many states 
it could save your prac- 
tice from a ruinous law- 
suit. 


Designed for simplic- 
ity and reliability of op- 
eration, the Series 70 re- 
flects the high quality of 
the entire family of de- 
fibrillators from Physio- 
Control, the company 
that pioneered D. C. de- 
fibrillation in 1961, and 
continues to be a leader 
in the design and manu- 
facture of defibrillators. 

To get more informa- 


tion about the Series 70, 
or any of the other fine 
instruments and products 
from Physio-Control, 
contact: Physio-Control 
Corporation, 2607 2nd 
Ave., Seattle, Washing- 
ton 98121. Telephone 
(206) 624-4824. Telex 
32-0166. Cable Address: 
Physio Sea. 


[E 
C= Physio-Control 
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Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


LANOXIN digoxin p peene 








Research Triangle Park 


*Complete literature available on request from Professional Services Dept. PML. Welicome / North Carolina 27709 
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Symposium on Prevention of Atherosclerosis at the 


Pediatric Level 


Including Identification of Potential Risks and Prophylaxis 


Introduction 


SHIELA C. MITCHELL, MD, GUEST EDITOR 
Bethesda, Maryland 


This Symposium is for practicing physicians, both 
cardiologists and noncardiologists—internists, pedia- 
tricians, generalists, and primary physicians. Al- 
though it is not directly addressed to clinical investi- 
gators or research workers, the problems, needs and 
possibilities identified here should tantalize and in- 
trigue them. It presents and interprets the current 
state of knowledge relevant to the possibility of pre- 
venting atherosclerosis in infants and children. It 
does not provide a simplified formula or a dogmatic 
therapeutic regimen for indiscriminate or even, nec- 
essarily, highly selected groups of children. The aim 
is to provide information upon which individual 
practitioners can base their own decisions. 

All of the contributors are actively engaged in 
their own area of expertise and have a daily, working 
involvement in one or more of the several fields here 
represented. All have been encouraged to present not 
just what is known or presently believed, but what 
needs to be known and the possible implications of 
current knowledge. It then remains for each reader 
to decide for himself the best application of present 
knowledge in the face of present ignorance. 

Gardner C. McMillan, from the vantage point of 
classic pathology, speculates upon the correlation 
between the commonly observed mesenchymal cush- 
ions on the arterial intima at bifurcation points and 
upon the fatty fleck or streak in the aorta and coro- 
nary arteries with atherosclerotic lesions of the adult 
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type. He notes that the term early, in the context of 
atherosclerotic lesions, has acquired two meanings: 
early in life, meaning young, and early in pathology, 
meaning the first observable change from normality, 
that is, the beginning of disease. Noting that fatty 
streaks and early aortic lesions, in the “young” 
sense, occur throughout the world more or less uni- 
formly without regard to the severity of aortic ath- 
erosclerosis in adult populations, he argues that, al- 
though some of these lesions may evolve into athero- 
sclerosis, most do not. Similarly, mesenchymal cush- 
ions by their very prevalence cannot be inevitable 
precursors of adult disease. They may, in fact, repre- 
sent a normal, healthy growth or molding phenome- 
non. The thesis is developed that atherosclerosis is a 
plastic, pleomorphic disease, the result of many pro- 
cesses and several causes, most of which exhibit a 
threshold effect. Under these conditions it is clearly 
possible for the critical moment expressed as the pa- 
tient’s age to occur at any one of many moments in 
time as far as progression into disease or inability to 
regress toward the normal are concerned. It is equal- 
ly clear that we lack the knowledge to identify or 
predict such moments. 

All of these considerations pertain to normal per- 
sons, that is, the majority of the population. The ab- 
normal, those with hyperlipoproteinemia, are consid- 
ered by Robert I. Levy and Basil M. Rifkind. Recog- 
nition of patients with these disorders came about 
through studies of lipid and fat transport and 
metabolism coupled with the recognition of a direct 
correlation of serum lipid levels and premature coro- 
nary heart disease. Virtually all serum lipids, except 
free fatty acids, are present in the plasma as lipopro- 
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teins. An undue amount of one or more lipoproteins 
in these disorders is associated with clinical signs 
and symptoms in the infant or child, as in type I and 
type V, rarely in type III disorders, or in the young 
(type II) or older (type IV) adult. However, it is the 
proportion and the absolute amount that are abnor- 
mal, not the lipoproteins themselves. This creates a 
tricky diagnostic situation. Since the amount of lip- 
oproteins in a population of children or adults is a 
continuous variable, one can create an abnormal 
state or create or cure a disease merely by the arbi- 
trary selection of “normal” cutoff values. This is not 
the desired end. What one wishes to do is identify 
through serum lipid determination those patients 
who already have complaints or who will later have 
signs and symptoms unless appropriately treated. 
The ‘‘appropriate” therapy has yet to be validated. 
The assumption is that reduction of the “abnormal” 
lipoprotein values to “normal” will reduce the risk of 
coronary heart disease to “normal.” This reasoning is 
based on analogy, buttressed by the disappearance 
with therapy of tendinous and tuberous xanthomas 
in type II and palmar plaques in type III hyperlipo- 
proteinemia. 

The problems of diagnosis and therapy are further 
confused by questions of etiology. Classic kindred 
studies suggest that in primary disorders, type I is an 
autosomal recessive, type II an autosomal dominant, 
and types III, IV and V a mixed group. All 5 disor- 
ders may be, and in some patients clearly are, secon- 
dary to other diseases. These patients require appro- 
priate therapy of the underlying disorder, not of the 
hyperlipidemia, per se. 

Despite these difficulties, it is recognized that 
some patients with premature coronary heart disease 
have a lipid abnormality that is transmissible to 
their offspring yet treatable by diet and drugs. This 
recognition imposes a responsibility upon all practic- 
ing physicians, particularly upon those to whose care 
children are entrusted, to identify and attempt to 
protect these patients from heart disease. 

That all the questions are far from resolved is evi- 
dent from the paper which follows detailing the car- 
diovascular pathologic features in patients with and 
without hyperlipoproteinemia. William C. Roberts 
and his colleagues argue, and convincingly back with 
data, that by the time a patient dies of ischemic 
heart disease it is impossible to reconstruct the indi- 
vidual etiologic pathway, specifically to distinguish 
those patients with hyperlipoproteinemia from those 
with normal lipoprotein levels. Conversely, those 
who succumb to other manifestations of disease or to 
other diseases and who do not demonstrate ischemic 
heart disease bear no diagnostic stigmata in their 
cardiovascular systems of hyperlipoproteinemia. 
They may, and most do, show some atherosclerosis. 
Patients with a type V disorder may be the excep- 
tion to this lack of specificity, with foam cells that 
lack birefringents accumulating in the spleen, lymph 
nodes and bone marrow. This is not to say that the 
hyperlipoproteinemias do not predispose to or even 
cause coronary heart disease. They probably do, 


especially types II and IV. But the end result, what- 
ever the route, is the same: coronary arteries occlud- 
ed or severely compromised by calcific or fibrotic 
atherosclerotic plaques. 

It is the end result, appearing so irreversible, that 
prompts the desire to prevent the initiation and de- 
velopment of these lesions. This desire is given sub- 
stance by the apparently innocuous preventive mea- 
sure of altered diet. However, it seems prudent to 
scrutinize the possible undesirable effects of altering 
a diet that has produced healthy children to achieve 
a more elusive goal, healthy adults. William K. 
Schubert provides this scrutiny in his review and 
analysis of the nutritional requirements of infants 
and children with particular attention to their fat re- 
quirements. He notes that vegetable fat formulas 
with their low cholesterol levels have linoleic acid 
concentrations 2 to 3 times that of human or cow 
milk, that human milk has a high cystine/methio- 
nine ratio in comparison with other animal protein 
and that newborns, particularly premature infants, 
lack cystathionase which renders them dependent 
upon cystine for essential sulfur-containing amino 
acids. These data suggest that elements other than 
cholesterol must be considered in selecting a source 
of dietary fat. Cholesterol itself may be an irrepla- 
ceable nutrient for the newly born, essential for brain 
development and for subsequent serum cholesterol 
control. It is again clear that infants are not minia- 
ture adults, and one equates them at the infant’s 
peril. 

For children, as opposed to infants, the case for 
dietary change presents different considerations. 
Their ‘essential’? nutritional requirements can be 
met by a wide range of diets. That the diets con- 
sumed have produced a 10 percent increase in height 
and a 15 to 30 percent increase in weight in children 
aged 6 to 11 years over the past 90 years is often 
viewed with alarm. Less often mentioned is the con- 
comitant eradication of rickets, scurvy, pellagra and 
nutritional edema. Whether one needs or cannot 
avoid the one in order to have the other has not been 
established. In practice, most of the arguments for a 
general change in children’s diets as opposed to a se- 
lective change for those with abnormal serum lipids 
or other metabolic aberrations or abnormalities rest 
on the thesis that eating patterns established in 
childhood persist throughout life and that adult atti- 
tudes and habit patterns are difficult if not impossi- 
ble to change. 

Howard Leventhal challenges both of these con- 
cepts in an intriguing and highly relevant discussion 
of what is and is not known about the development 
of attitudes and habit patterns at various ages and 
what might be involved and is needed before we can 
hope to change either attitudes or behavior. It is im- 
portant to note that these are not the same. Equally 
important is the recognition that there are two es- 
sential steps in persuading a patierit to take a specif- 
ic therapeutic or preventive action. The first is a 
clear, comprehensible statement of the action to be 
taken, and the second is an exact specification of 
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when, where and how to take this action. Medical 
practice has tacitly acknowledged the necessity for 
these two steps from the dawn of medical treatment 
of disease. The patient is told, for example, that he 
must take a certain drug that the physician used to 
dispense and that the pharmacist now supplies. The 
label on the bottle of pills states when and how to 
take the prescribed drug. Because the motivation—a 
desire to be relieved of disease—was built in, the sys- 
tem worked well, worked best in acute illnesses 
where motivation was high. It has failed in preven- 
tive therapy, with the possible exception of the 
“pill,” for which motivation remains consistently 
high. Part of this failure is attributable to a lack of 
recognition as to what has led to success in the past; 
part is due to a lack of recognition of the additional 
requirements imposed by chronic prevention whether 
this prevention be by drugs, diet, exercise or cessa- 
tion of smoking. 

Although everyone pays lip service to the diversity 
that is the hallmark of the American population, not 
everyone recognizes the concomitant necessity to 
adapt both the intensity and the content of an edu- 
cational campaign to the particular target group 
being addressed. Even fewer recognize the nonhomo- 
geneity of any one target group if that group is com- 
posed of more than one sex or more than one age 
range. 

As a nation, we tend to give unlimited credence to 
technology. We assume that television will be more 
convincing than radio, and that radio will be more 
convincing than neighborhood gossip. That this is far 
from fact has direct and critical importance for pre- 
ventive measures of chronic disease control. Of par- 
ticular importance to practicing physicians is the un- 
derscoring of the doctor’s position as a key person in 
shaping the beliefs and behavior of his patients. At a 
time when good medical practice has come to be 
equated with the number and the newness of the 
chemical and physical tests and procedures per- 
formed, when counseling is being delegated to para- 
medical personnel in the belief that it does not war- 
rant a physician’s time, the 6 attributes of a success- 
ful communicator warrant careful consideration. 

Concomitantly, attention must be paid to consid- 
erations of the behavior to be changed, the credibil- 
ity of the change agent and the preventive approach 
which encompasses considerations such as these: Are 
children more readily influenced than adults? Is 
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early learning more efficient than later learning? Are 
health habits stable over time? It is clear, for exam- 
ple, that the obese patient will never reduce if we di- 
rect all our attention to eliminating his hunger 
pangs, when in fact, he overeats because the act of 
eating is a source of overwhelming and immediate 
satisfaction. It is equally clear that all of the pres- 
ently known risk factors and therapeutic regimens 
for atherosclerosis have a large behavorial compo- 
nent that can no longer be ignored. 

In the paper on risk factors of coronary artery dis- 
ease, Mary Jane Jesse and I emphasize that it is im- 
portant for the practicing physician not only to know 
what these risk factors are, but also to recognize how 
they were derived, how firm their basis is, and what 
is known about their applicability to children and 
the prevention of atherosclerosis in childhood. A 
simple, concise review of these factors reveals that 
although much remains to be learned, the causality 
of elevated serum lipid levels, cigarette smoking, hy- 
pertension and obesity in coronary disease can no 
longer be doubted. That these risk factors do not 
cause all atherosclerosis or all coronary artery dis- 
ease in no way invalidates their importance or causal 
role. The applicability of adult risk factors to chil- 
dren at present rests upon belief not data: belief that 
lifelong, albeit artificial reduction of serum lipids or 
hypertension, for example, will carry with it a re- 
duced risk of atherosclerosis and coronary artery dis- 
ease; and belief that childhood habits of diet, exer- 
cise, and abstinence from smoking will carry over 
into adult life. 

The Symposium concludes with a pediatrician’s 
view of the possibility of initiating the prevention of 
atherosclerosis during childhood, coupled with spe- 
cific, practical advice on what can be done now with 
the individual patient and his family. In essence, 
Sidney Blumenthal recommends seeking out those 
children with characteristics which in adults are risk 
factors of atherosclerosis and treating these children 
so that their abnormality is removed or controlled. 
This approach has an intuitive appeal, an intuition 
with its roots in all the past centuries of medicine. It 
leaves untreated those who show no abnormality in 
the belief that this is preferable to treating those 
who do not require therapy. And this too has histori- 
cal precedent: “For God’s sake gentlemen, do no 
harm.” To Osler’s dictum I would only add, do no 
harm either by therapy or by default. 
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Atherosclerosis is regarded as a polyetiologic, polypathogenetic fam- 
ily of closely related vascular lesions. Current ideas about the evolu- 
tion of arterial fatty streaks in children into atherosclerotic plaques of 
adult type are discussed. Fatty streaks in children appear to be 
equally prevalent and severe in all populations. Only in certain popu- 
lations do they evolve into significant adult lesions. This evolution oc- 
curs during young adulthood. In some cases, the entire development 
of plaques occurs during adult life. The meaning of these findings for 
the concept of atherosclerosis as a disease of pediatric origin and in 
relation to the prevention of atherosclerotic disease in the general 
population is discussed. 


The statement is sometimes made that atherosclerosis is a “pediatric 
disease.” This concept usually comprises the ideas that atherosclero- 
sis begins in childhood and that clinical disease in the adult is its di- 
rect consequence. Implicit in the concept for many investigators is 
the view that prevention of atherosclerosis in childhood would secure 
prevention of clinical disease in the adult. This view deserves scruti- 
ny. 

Proponents might summarize their viewpoint as follows: “The ath- 
erosclerotic-dependent diseases are the major cause of death in 
adults, and are distressing causes of morbidity. The expression of 
clinical disease is often sudden, and many people die before they can 
be brought to medical care. Moreover, the insult produced often rap- 
idly damages vital organs that cannot be restored by treatment. 
There is an enormous public health burden of atherosclerotic disease 
in adult and late life; the prevention of this burden would be more 
desirable than the treatment of overt disease.” 

Such a summary might continue: “Prevention can be conceived of 
at any pathogenetic stage short of the occurrence of overt clinical 
disease. However, prevention ab initio would be most sure and would 
avoid the many uncertainties related to the complex later pathogen- 
esis of progressive disease. Such prevention requires that the. early 
stages of disease be identified and their development inhibited. Be- 
cause these stages have been identified with an almost universal 
prevalence in the first decade of life, their prevention will prevent 
subsequent adult disease.” A subsidiary extension of this statement 
might note that certain abnormalities and habit patterns are associ- 
ated predictively with the subsequent occurrence of adult disease. 
These are the so-called risk factors. Since several of the risk factors 
have some environmental component, they can be modified by 
changes in life style. It is therefore argued, both because long-estab- 
lished habits are notoriously difficult to change and because conven- 
tional folk-wisdom suggests “as the twig is bent the branch will 
grow,” that the time to acquire preventive life-style patterns is in 
childhood. Implicit is the idea that a reduction in a risk factor will, 
in fact, reduce the risk. 
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I will examine some of these points in the subse- 
quent text. What follows refers to the general popu- 
lation and does not consider those unusual patients 
with gross metabolic abnormalities who are consid- 
ered in detail in other papers in this Symposium. 


Historical Background 


Atherosclerosis is a pathologic disorder of great 
antiquity. Paleopathologists have found evidence of 
arteriosclerosis (probably atherosclerosis) in mum- 
mies from ancient Egypt, and medical historians can 
document extensively reports of atherosclerotic dis- 
ease over the centuries.1-? Obviously, atherosclerosis 
is not only a modern disease. 

The historical data do not indicate prevalence or 
incidence, but modern demographic data have pro- 
vided such figures for many countries. These data 
show that atherosclerotic disease is so frequent as to 
be considered “epidemic” in several Western 
countries but that it is not equally frequent every- 
where. In some countries of Western Europe where 
good demographic data have been kept for several 
decades, markedly increasing rates have been re- 
ported over the last 2 decades.* One concludes that 
atherosclerotic disease is not modern or inevitable 
since it may occur in conditions of high or low preva- 
lence, and that its prevalence may increase marked- 
ly. It is a plastic disease. 

Variations in prevalence and incidence of clinical 
disease have allowed the recognition of factors asso- 
ciated with them. It has been possible to obtain both 
retrospective and prospective data from internation- 
al comparisons® and from studies of single communi- 
ties such as Framingham. Such studies have led to 
the concept of risk factors, that is, factors or abnor- 
malities that in an individual (or in a population) 
are predictively and apparently independently asso- 
ciated with a statistically enhanced incidence of ath- 
erosclerotic disease over that of groups of persons or 
populations who either have no abnormality or have 
it at some reduced level. The conventional risk fac- 
tors that have strong associations are age, male sex 
relative to female up to age 60 or 65 years, blood 
pressure, serum cholesterol and cigarette smoking. 
Most factors appear to be continuous variables that 
are “‘dose’’-related over broad ranges. Some addi- 
tional risk associations have been less clearly delin- 
eated. Physical inactivity, for example, may express 
itself at a threshold,’ whereas disorders of carbohy- 
drate and insulin metabolism, triglyceridemia, obesi- 
ty and possibly mild hypertension may form an in- 
terdependent group of factors. All of these “‘risk fac- 
tor’ studies have been confined to adults. It is also 
important to bear in mind that perhaps as many as 
20 percent of persons in this country who experience 
events of atherosclerotic disease apparently do so in 
the absence of long-standing conventional risk fac- 
tors except age or male sex. In the sense that they 
have an attack without identified predisposition, 
they can be regarded as the most susceptible, and as 
the least recognizable, disease-prone persons. 
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Early or Initial Atherosclerotic Lesions 


The lesions of atherosclerosis in the adult are pleo- 
morphic.8:9 They may be rich or poor in lipid, rich or 
poor in fibrous tissue, cells or ground substance, and 
complicated or uncomplicated. Their location is inti- 
mal and their effect is stenotic. Pathologically, they 
are best interpreted as manifestations of a variety of 
causal and pathogenetic processes, and atherosclero- 
sis can be considered as a related family or constella- 
tion of vascular reactions to injuries. Similarly, the 
epidemiologic recognition that more than one risk 
factor may be associated with atherogenesis also 
implies a polyetiologic and polypathogenetic process. 
Atherosclerosis is not a single disease with a single 
cause. 

A critical issue is whether all or some such lesions 
can be traced back in their development to child- 
hood. What are the initial lesions of atherosclerosis, 
and do they occur exclusively or sometimes in child- 
hood? The idea of earliness of lesions has acquired 
two current meanings. The one refers to early or 
brief in time such as early in life or early in the time 
course of an experiment. The second meaning refers 
to a small deviation from normality; its time course 
may not be known, but the change is a minor one at 
the borderline of our ability to detect it. The ideas 
carry with them the concept of evolution to later or 
grosser lesions. 

Many investigators have sought the earliest lesion 
of atherosclerosis in the arterial wall. It now appears 
that there is no exclusive or unique early lesion for 
all atherosclerosis but a variety of initial changes 
such as endothelial injury, platelet adhesion, altered 
endothelial permeability with insudation of blood 
proteins, infiltration of lipoproteins, and the like 
which can lead to injury-repair reactions and, in 
some circumstances, to plaque building. Such initial 
events can be brief, episodic, repeated, evanescent, 
cumulative and synergistic. They are not conceived 
to be confined to one period of life and, indeed, one 
very often finds lesions like those of childhood among 
the more advanced lesions of arteries from adults. 

A more primordial concept than this of the initial 
lesions requires investigation into the genetic control 
of the metabolism and the dynamic cellular and 
intercellular reactions of the vessel wall. For exam- 
ple, it has been shown that it is possible to breed pi- 
geons, which are susceptible to atherosclerosis, selec- 
tively with respect to a predominant location of le- 
sions in either the aorta or coronary arteries.1° That 
is to say, the inherent nature of the reacting vessel 
conditions or modulates its reactions to injuries. 


Types of Arteriosclerotic Lesions 


Mesenchymal cushions on arterial intima: Two 
types of arteriosclerotic lesions are commonly recog- 
nized in infancy and childhood. The first has been 
studied by many investigators,!1:12 particularly in 
the coronary arteries of newborn infants and of chil- 
dren in the first decade. It consists of mesenchymal 
cushions on the arterial intima especially at bifurca- 
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tion points.. The cushions usually show fibromuscular 
hyperplasia, an increase in ground substance, disor- 
dered elastic fibers and, at times, some lipid. The le- 
sions may extend to involve more of the region of a 
bifurcation in older children. It has been held that 
such lesions are the precursors of coronary athero- 
sclerosis and that their sex and ethnic distribution is 
congruent with this pathogenetic role as a site of di- 
minished resistance for the development of lesions of 
adult type.12:13 A personal view is that, in general, 
such lesions are not precursors of adult disease but 
represent foci of vascular remodeling and develop- 
ment. They are too common, too overt and too var- 
ied in their location in large and even very small ves- 
sels to be the invariable precursors of adult lesions. 
At the same time, it cannot be disproved that some 
of them may evolve into adult lesions. 

Fatty flecks or streaks: A second type of lesion of 
the arterial intima of childhood is the common fatty 
fleck or streak. This lesion presents as a slight focal 
thickening of the intima which comprises an in- 
creased number of fibroblasts, macrophages and cells 
with attributes of smooth muscle cells. Their relative 
numbers may vary, but there is an excess of lipids 
and cholesterol in them in the form of stainable, mi- 
croscopically visible droplets. There is also an in- 
crease in intercellular matrix, and at times extracel- 
lular lipid may be found too. The result is a small 
round or oval plaque that becomes visible to the 
naked eye. Its fat content can be rendered grossly 
visible by suitable staining of the artery. 

The pathologist’s view of the origin and evolution 
of such flecks to become larger and then to become 
lesions compatible with or indistinguishable from 
simple plaques of atherosclerosis of adult form has 
been described in detail.14 In the view of most inves- 
tigators, the evolution of most plaques of the adult 
type occurs through the fatty fleck regardless of the 
nature of the initial or “earliest” lesion. This view is 
supported by the study of spontaneous and induced 
atherosclerosis in experimental animals.15 

Fatty flecks and streaks are found in the aorta in 
the first years of life and become more extensive and 
practically of universal prevalence by the end of the 
first decade of life. They occur at the proximal end of 
the aorta first, but soon involve more distal parts. 
The findings are repeated in the coronary arteries, 
but about a decade later in life. Similar observations 
are repeated again in the great vessels of the neck in 
the third decade and in the circle of Willis, approxi- 
mately a decade later.16 In general, fatty flecks occur 
and are most prominent at the sites where lesions of 
adult form are most common and severe. They may 
also be found among mature lesions in the later dec- 
ades of life. 

The great bulk of pathologic evidence, therefore, 
favors the conclusion that atherosclerotic lesions of 
the adult type commonly evolve from fatty flecks. 
The evidence is based on reasoning from observa- 
tions of coincidence, interpretations of transforma- 
tional similarities and analogy, so that it falls short 
of rigid logical proof. Nevertheless, it is a very strong 


body of evidence that leads to the circumstantial 
conclusion that this is the pathogenetic pathway of 
most simple adult atherosclerotic plaques. 


Predictive Significance of Early Arterial Lesions 


There is a distinction between the mere presence 
of lesions and the occurrence of lesions with a poten- 
tial to cause disease. In a recent international study 
of the geographic pathology of atherosclerosis,!? 
many thousands of sets of aortas and coronary arte- 
ries were examined pathologically by carefully 
standardized and quality-controlled methods. A sub- 
sidiary paper dealing with pediatric aspects of this 
study has been published.1® The method of study 
was useful in characterizing the type and extent of 
lesions but not in studying stenosis. The authors 
deal with 2 classes of lesions, namely, the fatty 
streak and the raised lesion. 

These data indicate that, for the aorta, fatty flecks 
have about the same severity and prevalence among 
all races and countries studied during the first 2 dec- 
ades of life. That is, these lesions occur fairly uni- 
formly and, consequently, in a manner that does not 
necessarily correlate with the subsequent severity of 
aortic atherosclerosis in these various populations in 
later life. Up to age 25 to 29 years (Tables 6 and 7, 
Ref. 18), there seem to be no striking differences 
among 6 populations in the mean percent of intimal 
surface involved with either fatty streaks or with 
raised lesions. Subsequently, differences appear so 
that the New Orleans blacks and whites, especially 
male whites, clearly show a greater involvement by 
raised lesions. It is apparent that between these pop- 
ulations and the 2 sexes, the presence of fatty streaks 
of the aorta is not necessarily a predictor of athero- 
sclerosis of the adult type. 

Again, in the coronary arteries (Tables 8 and 9, 
Ref. 18) no prominent differences emerge up to age 
20 to 24 years in the percent of intimal surface in- 
volved by these 2 types of lesions unless it is that the 
female black from New Orleans has the most exten- 
sive fatty streaking of her coronary arteries. Thereaf- 
ter, the New Orleans blacks and whites, especially 
male whites, have more extensive raised lesions so 
that by age 35 to 39 years they clearly have more ex- 
tensive coronary atherosclerosis of the adult type. 

These macroscopic observations were supplement- 
ed by microscopic studies. These were reported to 
show a picture of a continuous transformational pat- 
tern between fatty streaks and fibrous plaques. In 
addition, specimens from the New Orleans area 
tended to be more lipid-rich on microscopic exami- 
nation than those in other geographic groups. 

A consideration of the lesions of children, adoles- 
cents and adults by age, sex, race.and geographic 
location indicates that fatty streaks generally do not 
predict liability to adult disease since they do not 
display the well known sex and geographic differ- 
ences of atherosclerosis as manifested in the middle- 
aged population. At the same time, we have noted 
evidence that the great majority of mature lesions of 
atherosclerosis evolve from fatty streaks. The present 
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state of knowledge, then, leads to the conclusions 
that not all fatty streaks evolve into fibrous athero- 
sclerotic plaques, but that some do. Moreover, the 
modulating or pathogenetic mechanism that deter- 
mines whether the evolution will express itself occurs 
in young adult life. It results in progression in such 
countries as the United States but in a lesser and at 
times minimal progression in many other parts of the 
world. The factor or factors controlling this modula- 
tion and the mechanisms of their action are not 
known although they are presumably encompassed 
in part by the concept of conventional risk factors. 


Fate of Early Arterial Lesions 

Inasmuch as neither all the fibromuscular thicken- 
ings of infancy nor all the fatty streaks necessarily 
progress to mature atherosclerotic lesions, what is 
their fate? Little is known about this in man. The 
lesions themselves have a pathologic makeup that is 
not stable, and it would not be expected that they 
would retain their structure over long periods of 
time. General pathologic processes of repair and re- 
gression would be anticipated to intervene with ei- 
ther a conversion of the lesions to small fibrous 
thickenings or even, in some cases, the virtual disap- 
pearance of the lesion. However, this is somewhat 
speculative and, in part, a conclusion based on the 
failure of all lesions to progress. 

On the other hand, there has now developed a 
considerable amount of experimental literature deal- 
ing with the regression of atherosclerotic lesions in- 
duced in animals.19-2° It demonstrates that florid le- 
sions equivalent to gross fatty streaks can reduce in 
size, lose both cholesterol and triglyceride and devel- 
op fibrous caps. Further stages in regression, the bio- 
chemical pathways of the processes, and the regres- 
sion of more mature or complicated lesions remain to 
be studied. However, lesions in animals that resem- 
ble the fatty streak of children do regress, and there 
is little reason to doubt that an equivalent process 
can occur in the human too. 


Clinical Implications 

What is the significance of these several observa- 
tions for the various issues that have been posed? Is 
atherosclerosis a pediatric disease? It is apparent 
that the answer will vary according to the intent of 
the question. If the question means do atherosclerot- 
ic lesions occur in childhood, the answer is “yes.” If 
it means do the lesions of childhood inevitably evolve 
into adult disease, the answer is “no.”’ If it means do 
adult lesions, when they occur, evolve from pediatric 
ones, the answer is very probably “yes, but not ex- 
clusively since the entire plaque evolution can go on 
during adult years and there may also be some le- 
sions that develop by quite different pathways.” If 
the question means, does clinically significant vascu- 
lar disease occur in childhood the answer, except for 
certain rare disorders, is “no.” f 

A second issue was whether the prevention of pe- 
diatric atherosclerosis would prevent adult athero- 
sclerosis. Of course, all populations seem to suffer 
generally from pediatric atherosclerosis whether or 
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not they suffer from adult disease and we have, 
therefore, no explicit indication that pediatric ath- 
erosclerosis is naturally preventable in populations. 
Assuming that it is preventable, current evidence 
leads to the conclusion that much, but perhaps not 
all, of adult atherosclerosis would be prevented pro- 
vided that the regimen begun in childhood continued 
to be successfully used throughout the adult years. 

What most clearly emerges from the pathologic 
studies is that the critical stage in the pathogenetic 
evolution of aortic and coronary plaques becomes ap- 
parent in the third decade and later, and that the in- 
hibition of this phase of atherogenesis would prevent 
the development of most clinically significant ath- 
erosclerosis. It is at a time of life when the organism 
is no longer physiologically a child but a young, vig- 
orous adult. 

The thesis was developed that atherosclerotic dis- 
ease was polyetiologic and polypathogenetic. Both 
pathologic and epidemiologic concepts of risk factors 
led to this conclusion. However, the major xisk fac- 
tors are not dependent and may have their indepen- 
dent onset at any time of life. The meaning of adult 
risk factors for pediatric ages will be considered else- 
where in this Symposium. It should be pointed out 
here that when the general question is asked, “Is 
atherosclerosis a pediatric disease?,”’ it is apparently 
asked in a context free of most risk factor associa- 
tions with, perhaps, the exception of assumed rela- 
tive hypercholesterolemia. The implication of this 
line of thought is that lipid-related lesions are the 
most important and are primogenative. Indeed, there 
is some evidence that in the interplay of etiologic 
factors those of the lipid type are particularly impor- 
tant. The Japanese, for example, exposed to ciga- 
rette smoking and hypertension, have low rates of 
coronary heart disease in the relative absence of hyp- 
ercholesterolemia. Nevertheless, the interplay of 
multiple conventional risk factors is commonly an 
event of adult life rather than of childhood. 

Obviously, there are serious deficits in our detailed 
understanding of how atherosclerosis develops and 
what the mechanisms of its progression may be. 
Consequently, several hypotheses can fit the avail- 
able data. Nevertheless, for the general population, 
the critical time of life for atherogenesis and for the 
prevention of future clinically significant disease ap- 
pears to be in the young adult years and thereafter. 

This conclusion should not be applied to that seg- 
ment of the population who have especial liability to 
atherosclerosis. Their premature liability to severe 
lesions shifts the critical phase of atherogenesis back 
into the pediatric years. Other parts of the Symposi- 
um deal with the child from a family constellation of 
premature arteriosclerotic disease, with specific ge- 
netic metabolic abnormalities, and with other com- 
pelling risk factors. For them atherogenesis may, in- 
deed, be a critical pediatric condition, and measures 
to reduce or control the factors that fuel the progres- 
sion of their lesions would seem appropriate during 
the pediatric years just as appropriate measures 
would be for young adults in general. 
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Despite the considerable advances that have taken place in our un- 
derstanding of hyperlipoproteinemia and the recognition that the var- 
ious primary forms are often genetically determined and may be de- 
tected in the asymptomatic child, much remains to be learned. For 
example, accurate data on the normal lipid and lipoprotein distribu- 
tions in infancy and childhood and information on the factors that 
affect them are needed. The prevalence of familial and sporadic 
forms of type II and other types of hyperlipoproteinemia must be es- 
tablished for different populations and racial groups. The utility of 
umbilical cord blood analysis requires detailed evaluation on a larger 
scale before it can be recommended as a nationwide screening pro- 
cedure. The influences of maternal status, prematurity and intrauter- 
ine factors on cord blood lipids must be clarified. These and other 
problems will be among the special concerns of the network of Lipid 
Research Clinics which are now being set up throughout the United 
States by the National Heart and Lung Institute. 

The main significance of the pediatric aspects of hyperlipoprotein- 
emia lies not so much in the identification of those uncommon but 
important cases with concomitant clinical features, but in the oppor- 
tunities that early diagnosis in asymptomatic children may provide 
for averting later ischemic heart disease. In many respects, primary 
type Il hyperlipoproteinemia is an ideal disorder in which to test the 
“lipid hypothesis,” namely, whether the reduction of plasma lipid lev- 
els is capable of preventing or delaying the atherosclerotic process. 
It is important that the pediatrician be alert to these possibilities for 
the early diagnosis and treatment of one of contemporary medicine’s 
most pressing problems. 


In pediatric practice, hyperlipidemia seldom presents as a clinical 
problem. Atherosclerosis is rarely seen and almost never worried 
about. Nevertheless, hyperlipidemia is probably not uncommon, and 
its early recognition may prove to be the means by which the prema- 
ture onset of ischemic heart disease and other forms of atherosclero- 
sis may be prevented or at least delayed in many adults. 

Although mortality from most causes has drastically decreased 
over the last 50 years, that from coronary artery disease has not. 
This “epidemic” of deaths from coronary artery disease despite in- 
creased medical and surgical capabilities becomes understandable in 
the light of the growing evidence that many of these deaths (60 per- 
cent in the Framingham study?) occur outside the hospital, and 
that almost 50 percent occur suddenly (within 1 hour of the onset of 
the terminal event). Moreover, many of the sudden deaths occur in 
subjects who did not previously manifest evidence of vascular dis- 
ease. Neither cardiac surgery nor improved coronary care units, 
then, seem to hold the ultimate answer to decreasing the current 
mortality rate in coronary artery disease (600,000/year in the United 
States), and attention has now focused on prevention of this disease. 
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TABLE | 
Alternative Classifications of Plasma Lipoproteins 





Density Class 





Electrophoresis* (preparative ultracentrifuge) Density 
Chylomicrons Chylomicrons <0.95 
Pre-beta Very low density (VLDL) 0.95 -1.006 
Beta Low density (LDL) 1.006-1.063 
Alpha High density (HDL) 1.063-1.021 
* On paper or agarose gel. 
TABLE Il 
Typical Percentage Composition by Weight 
of Each Plasma Lipoprotein Class 
Chylomicrons VLDL LDL HDL 
Cholesterol 5 13 43 18 
Triglyceride 90 65 10 2 
Phospholipid 4 12 22 30 
Protein 1 10 25 50 


HDL = high density; LDL = low density; VLDL = very low 
density. 


This approach has led to a search for traits or habits 
in persons that mark them as susceptible to (at in- 
creased risk of) vascular disease. The hoped-for cor- 
relate to this attempt at early detection of coronary- 
prone subjects is the elimination of risk factors, by 
appropriate treatment, so that heart disease can be 
prevented or delayed. 

The 3 major identified risk factors for coronary 
artery disease are hypertension, cigarette smoking 
and hypercholesterolemia. Pediatricians are now de- 
tecting subjects with early hypertension and are help- 
ing with anti-smoking campaigns. Until recently, 
however, they have not taken an active role in the 
detection or management of hypercholesterolemia. 


The Plasma Lipoproteins? 4 


Four classes (families) of lipoproteins are generally 
recognized in plasma. They can be named, according 
to their charge and resultant electrophoretic mobility, 
chylomicrons, beta, pre-beta and alpha lipoproteins. 
An alternative nomenclature, derived from their 
densities as defined in the preparative ultracentri- 
fuge, describes them as chylomicrons, very low den- 
sity (VLDL), low density (LDL) and high density 
(HDL) lipoproteins. Fortunately these 2 systems of 
nomenclature are usually interchangeable (Table I). 
Each lipoprotein family is composed of various 
amounts of cholesterol, triglyceride, phospholipid 
and protein (Table II). LDL is cholesterol-rich, and 
normally carries 50 to 75 percent of the total plasma 
cholesterol (Table III). Chylomicrons predominantly 
contain triglyceride of exogenous (dietary) origin. 


They are normally found in the plasma only after the 
ingestion of a fat-containing meal and should not be 
present 12 to 16 hours later. VLDL is also rich in 
triglyceride, but the glyceride is of endogenous origin 
derived mainly from the liver. Chylomicrons and 
VLDL are large particles capable of refracting light 
and thereby rendering the plasma turbid to milky 
(lipemic, lactescent) in appearance. VLDL and 
chylomicrons can be distinguished from one another 
by a simple standing test in which the milky plasma 
is inspected after storage overnight at 4 C. The lighter 
chylomicrons float to and cream up at the top leaving 
a clear plasma below, in contrast to the VLDL parti- 
cles which remain homogeneously dispersed. The 
fourth fraction, the HDL, carries a small but sig- 
nificant amount of the total plasma cholesterol (30 to 
70 mg/100 ml). This observation sometimes has to be 
taken into account in assessing the significance of 
hypercholesterolemia (see later). 


Hyperlipoproteinemia 

Sufficient increase in LDL, HDL, VLDL or chy- 
lomicrons, alone or in combination, may raise the 
total plasma cholesterol level. Likewise, hypertri- 
glyceridemia may result from the presence of chy- 
lomicrons or raised levels of VLDL, or both. For ef- 
fective diagnosis and treatment of hyperlipidemia in 
the child, as in the adult, it is necessary to translate 
hyperlipidemia into hyperlipoproteinemia.*:° Five 
patterns of elevation of lipoprotein levels (types I to 
V) account for the majority of hyperlipoproteinemia 
encountered in the adult. Four of them, type I, II, IV 
and V hyperlipoproteinemia, involve increases of one 
or more of the lipoproteins normally present in plas- 
ma. Type III hyperlipoproteinemia differs in being 
characterized by the presence of a lipoprotein com- 
plex not usually observed in quantity in the plasma. 
Each of these patterns can occur secondary to a vari- 
ety of metabolic disorders or as primary disorders 
that in many cases are genetically determined. These 
abnormal patterns must be established on fasting 
plasma samples to eliminate the potential confusion 
with postprandial chylomicronemia. It is usually 
convenient to have a patient fast overnight and to 
obtain a sample the following morning before break- 
fast. The patient should be well, consuming a con- 
ventional American diet and have a stable weight at 
the time of sampling. 

Not all primary hyperlipoproteinemia manifests in 
childhood; primary type III has not been encoun- 
tered in subjects under age 20 years and type V only 
rarely so.° Although the onset of primary type IV hy- 
perlipoproteinemia is usually delayed until early 
adult life or later, it is sometimes observed in the 
younger subject. In contrast, primary type I and type 
II disorders are usually apparent, at least chemically, 
in early childhood. This review describes, in detail, 
the features of type I and II hyperlipoproteinemia 
and outlines the features of types III, IV and V. It is 
mainly concerned with these disorders as they occur 
as primary abnormalities. 


548 May 1973 The American Journal of CARDIOLOGY Volume 31 


a O 


HYPERLIPOPROTEINEMIA IN INFANTS AND CHILDREN—LEVY AND RIFKIND 


Two other genetically determined but exceedingly 
rare forms of hyperlipoproteinemia, of considerable 
theoretical interest, occur in childhood, namely Tan- 
gier disease* and lecithin:cholesterol ester transferase 
deficiency. Neither these lesions nor the complex 
lipid changes that occur secondary to obstructive 
liver disease’ are discussed here. 


Type | Hyperlipoproteinemia®»® 


The type I lipoprotein pattern consists of a mas- 
sive accumulation of chylomicrons in the plasma not 
attributable to recent fat ingestion. It results in a 
milky plasma (Table IV) with, after cold storage, the 
visual features previously described. The chylomi- 
crons may also be identified by electrophoresis in 
paper or agarose gel since, in contrast to the other li- 
poproteins, they fail to migrate. Chylomicrons are 
rich in triglyceride and poor in cholesterol (Table II) 
so that their accumulation in substantial quantities 
in the plasma results in profound hypertriglyceride- 
mia with a far lesser degree of hypercholesterolemia. 
Often the ratio of plasma triglyceride to cholesterol 
in type I hyperlipoproteinemia exceeds 9:1, and the 
triglyceride level exceeds 1,500 mg/100 ml and is 
usually between 5,000 and 10,000 mg/100 ml.8 The 
cholesterol level ranges from about 150 to 500 mg/ 
100 ml. 

Clinical features: Primary type I hyperlipopro- 
teinemia is a very rare disorder that typically pres- 
ents in infancy with recurrent attacks of abdominal 
colic often accompanied by crops of eruptive xantho- 
mas. Hepatosplenomegaly with abdominal protuber- 
ance and lipemia retinalis may occur. The attacks of 
abdominal pain are sometimes associated with evi- 
dence of acute pancreatitis, and repeated attacks 
may lead to chronic pancreatitis and ultimately to 
death. The mechanism of these attacks is unknown. 


TABLE IV 


Some Features of the Primary Hyperlipoproteinemias 


TABLE Ill 


Suggested “Normal Limits’’* of Plasma Lipid and 
Lipoprotein Cholesterol Concentrations (mg/100 ml) in 
Subjects Aged 0 to 19 Years 


HDL Cholesterol 


Age Total Tri- LDL Male Female 
(yr) Cholesterol glyceride Cholesterol Subjects Subjects 


0 (cord 50-95 10-65 20-45 30-55 30-55 
blood) 
1-19 120-230 10-140 50-170 30-65 30-70 


* Figures are based on 90 percent fiducial limits calculated for 
small samples. All values are rounded to the nearest 5 mg 
and, for practical purposes, sex differences have been ignored 
except for HDL concentrations. The population sampled at the 
National Heart and Lung Institute was from the Washington, 
D. C. metropolitan area. Limits may differ in other countries or 
areas of the United States. 


Laparotomy may be unnecessarily performed when 
the diagnosis has not been made. Patients with a 
type I disorder have no increased propensity for vas- 
cular disease, glucose intolerance or hyperuricemia. 
Basic defect: An inability to hydrolyze chylomi- 
cron triglyceride due to deficiency of the enzyme li- 
poprotein lipase (a triglyceride lipase) appears to un- 
derlie primary familial type I hyperlipoproteinemia. 
Lipoprotein lipase activity is not normally present in 
the plasma but resides in the capillary endothelium 
of several tissues, including adipose tissue. It 
promptly appears in the plasma after the intrave- 
nous administration of heparin (post-heparin lipolyt- 
ic activity). Assays have been developed in which, 
shortly after administration of heparin, plasma is 








Identifiable 
Type Incidence in Children Inheritance Appearance Cholesterol Triglyceride Clinical Features in Childhood 
| Very rare Yes, in infancy Autosomal Cream layer Normal or Markedly Abdominal pain, pancreatitis, 
recessive over clear increased increased hepatosplenomegaly, eruptive 
plasma on xanthomas, lipemia retinalis 
standing 
I! Common Yes, ininfancy; Usually Clear Increased Normal or Rare in heterozygotes; 
? at birth autosomal slightly xanthoma and vascular 
dominant increased disease in homozygotes 
III Uncommon No ? Clear, turbid Increased Usually None 
or milky increased 
IV Common Occasionallyin Usually Turbid or Usually Increased None 
2nd decade autosomal milky with normal 
dominant no change 
on standing 
V Uncommon Occasionally in ? autosomal Cream layer Increased Increased to Same as in type | 
2nd decade dominant over turbid or normal markedly 
plasma on increased 
standing 
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TABLE V 
Treatment of Primary Hyperlipoproteinemia in Childhood 





Type Diet 


Drug Effect of Treatment 





| Low fat (10 to 15 g/day), 
medium-chain triglyceride 


Heterozygote Low cholesterol (100-150 mg/day), 
high P/S ratio (2:1) 
Homozygote Low cholesterol (100-150 mg/day) 


High P/S ratio (2:1) 


Cholestyramine 

(250-800 mg/kg per day) 
Cholestyramine 

(0.5-1.5 g/kg per day) 
Nicotinic acid 

(25-75 mg/kg per day) 
? Clofibrate 
? D-thyroxin 


Normalizes lipids. Prevents bouts 
of recurrent abdominal pain 
and pancreatitis 


Normalizes lipids. ? decreases 
cardiovascular risk 

Usually substantial lowering of 
lipids. Tuberous xanthomas 
decrease. ? decreases 
cardiovascular risk 





P = polyunsaturated fat; S = saturated fat. 


taken and incubated with an artificial glyceride sub- 
strate; the rate of release of free fatty acid is then 
taken as a measure of post-heparin lipolytic activity. 
Almost all cases of primary familial type I hyperlipo- 
proteinemia have been shown to have low activity by 
these methods.5 Recently it has been found that 
such in vitro assays measure the net activity of at 
least 3 heparin-activated lipases, only 1 of which ap- 
pears to be deficient in all cases of the familial type I 
disorder.?:1° A simple procedure has been recom- 
mended to assess lipoprotein lipase activity.® In it, 
the electrophoretic mobility of the lipoproteins in 
plasma obtained before and 10 minutes after the in- 
travenous administration of 0.1 mg of heparin/kg 
body weight is compared. If lipoprotein lipase activi- 
ty is present then the lipoproteins of the post-hepa- 
rin sample show increased mobility due to the re- 
lease of free fatty acids from lipoprotein-bound tri- 
glyceride, provided the glyceride is present in suffi- 
cient concentration. These free fatty acids bind to 
the lipoproteins with the effect of speeding their 
electrophoretic migration. 

Secondary type I: An acquired form of type I hy- 
perlipoproteinemia has been described in several pa- 
tients with dysglobulinemia due to lupus erythema- 
tosus or lymphoma.!!-12 It has been attributed to the 
binding of endogenous heparin by the abnormal pro- 
teins so that it is not available for the mobilization 
of lipoprotein lipase and the other post-heparin li- 
pases. Subjects with this disorder also show defective 
lipolytic activity as measured by the in vivo test; 
they can be distinguished from those with familial 
type I hyperlipoproteinemia by repeating the heparin 
test using a larger (50 mg) dose. This dose presum- 
ably saturates the binding sites of the abnormal pro- 
teins and then mobilizes lipoprotein lipase resulting 
in altered electrophoretic mobility of the glyceride- 
rich lipoproteins. By contrast, in familial type I dis- 
orders, even massive doses of heparin have no such 
effect. 

Inheritance: The inheritance of familial type I 
hyperlipoproteinemia is generally held to conform to 


an autosomal recessive pattern. The presumed 
heterozygotes (parents) are often normal in all re- 
spects; however, in several instances borderline low 
levels of post-heparin lipolytic activity and mild to 
moderate hypertriglyceridemia have been observed.® 

Treatment: The treatment of familial type I hy- 
perlipoproteinemia (Table V) is simple in theory but 
less easy in practice. Affected subjects are unable to 
hydrolyze chylomicron triglyceride. Complete re- 
striction of dietary fat intake leads to a prompt and 
marked reduction in the chylomicronemia with a 
corresponding fall in triglyceride levels to near nor- 
mal, accompanied by resolution of hepatosplenome- 
galy, xanthomas and lipemia retinalis. Attacks of 
abdominal pain ease and do not return provided the 
diet is maintained. Unfortunately, a fat-free diet is 
unpalatable and almost impossible to prepare. Ac- 
cordingly, a daily fat intake of up to 25 to 30 g may 
be permitted as tolerated. 

Medium-chain triglyceride (MCT)!3 may also be 
used as an unlimited source of dietary fat to render 
the diet more palatable. Unlike conventional dietary 
triglycerides whose fatty acid components are of 
larger chain length MCT fatty acids do not lead to 
chylomicron formation, but rather go directly to the 
liver in the portal circulation bound to albumin. 

In the bottle-fed infant, a formula diet is used in 
which fat provides 14 percent of the calories.14 As 
solid food is introduced, the fat in the formula is pro- 
portionally decreased. The total fat intake of the 
child should not exceed 10 to 15 g/day. This requires 
exclusion of foods like hot dogs, hamburgers, cheese, 
french-fried potatoes, whole milk and ice cream. 
Skim milk and lean meat are diet staples. Detailed 
dietary instructions and sample menus for patients 
with a type I disorder are available.15 None of the 
currently available hypolipidemic drugs is effective 
in type I hyperlipoproteinemia. The treatment of 
acute abdominal attacks consists of withdrawal of all 
food and the administration of adequate parenteral 
fluids, and leads within a few days to resolution of 
pain and other features. 
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Type II Hyperlipoproteinemia®»° 


The type II pattern is defined by an increased con- 
centration of low density lipoprotein (LDL) of nor- 
mal composition and density without (type Ila) or 
with (type IIb) a very low density lipoprotein 
(VLDL) increase.5-16 It may be secondary to a vari- 
ety of disorders, some of which such as nephrosis, 
hypothyroidism, congenital biliary atresia, type III 
and VI glycogen storage disease and acute porphyria 
occur in childhood. It can also result from a very 
high level of dietary cholesterol intake.17 Commonly, 
in children it occurs as a primary genetically deter- 
mined abnormality currently known as familial type 
II hyperlipoproteinemia, a term that has displaced 
less exact synonyms such as familial hypercholester- 
olemia, xanthoma tendinosum and familial hyper- 
cholesterolemic xanthomatosis. 

An increased LDL concentration can often simply 
be inferred from knowledge of plasma lipid levels. 
Since LDL is cholesterol-rich and triglyceride-poor 
(Table II), a high value of this fraction alone, in 
type Ila, leads to hypercholesterolemia without hy- 
pertriglyceridemia, a lipid pattern that increased 
concentrations of the triglyceride-rich chylomicrons 
or VLDL, or both, are unable to mimic. This pattern 
is always associated with a clear plasma since the 
molecular size of LDL is such that it does not alter 
the clarity of the plasma whatever its concentration. 
Under these circumstances, it is unnecessary to mea- 
sure the LDL concentration per se. When VLDL 
(and triglyceride) levels are also sufficiently elevated 
(type IIb) it may be necessary to quantify the LDL 
before a certain diagnosis can be made, since similar 
degrees of hypercholesterolemia with hypertriglycer- 
idemia can be encountered in type III or type IV hy- 
perlipoproteinemia. Fortunately the latter 2 disor- 
ders are seldom problems in childhood. Rather, as 
subsequently pointed out, it is children whose total 
plasma cholesterol level lies close:to either side 
of the upper limit of normal (230 mg/100 ml) in 
whom it is necessary to quantify LDL. In practice, 
all pediatric subjects with elevated LDL concentra- 
tions have a total plasma cholesterol level exceeding 
the upper 10 percent cut-off value of approximately 
205 mg/100 ml. Quantification of LDL?:5 may be 
done by combining a single preparative ultracentrif- 
ugation with a simple precipitation procedure.18 The 
concentrations of LDL, HDL, and VLDL, expressed 
in terms of lipoprotein cholesterol, are then obtained 
indirectly or directly. The upper limit of normal, in 
use at the National Heart and Lung Institute, for 
LDL cholesterol in children is 170 mg/100 ml (Table 
III). A simplified procedure® calculates the LDL cho- 
lesterol concentration from the formula total choles- 
terol minus triglyceride/5 minus HDL cholesterol = 
LDL cholesterol (triglyceride/5 provides an estimate 
of VLDL cholesterol and reflects the approximate 
composition of VLDL in which the ratio of cholester- 
ol to triglyceride is 5:1). This shorthand system re- 
quires the measurement of plasma cholesterol and 
triglyceride, and HDL cholesterol. The latter is ob- 


tained by the precipitation procedure or by using a 
mean figure of about 45 mg/100 ml. The formula for 
determining LDL cholesterol is unreliable when the 
triglyceride level exceeds 400 mg/100 ml or when 
chylomicrons or the abnormal VLDL or type M 
hyperlipoproteinemias are present,!9 circumstances 
that are unusual or unknown in childhood. 


Inheritance: The consensus of previous studies is 
that familial type II hyperlipoproteinemia is usually 
inherited as an autosomal dominant disorder,®:2° 
and in practice it is common to encounter kindred in 
which the segregation of the disorder conforms to 
such a pattern. This mode of inheritance requires 
that at least 1 parent of a child with familial type II 
hyperlipoproteinemia also have the disorder. The 
markers for ascertainment of affected persons in the 
past have been total plasma cholesterol, xanthomas 
or even a history of vascular disease. At the National 
Heart and Lung Institute, extensive studies are in 
progress of families with the type II disorder, with 
use of LDL concentrations as the genetic marker. Of 
908 male and female first-degree relatives (parents, 
siblings, children) of patients in 187 index cases pre- 
sumed heterozygous for type II hyperlipoproteine- 
mia, 446 had the type II pattern and 444 had normal 
lipoprotein concentrations.5 The plasma total and 
LDL cholesterol concentration of 265 children, aged 
1 to 19 years in the National Heart and Lung Insti- 
tute series,21 one or both of whose parents had a pri- 
mary type II disorder, were distinguished into 2 
major modes. The total plasma cholesterol level that 
best separated the normal from the affected children 
was close to the upper limit of normal (230 mg/100 
ml) originally selected on arbitrary grounds to define 
the upper 5 percent of cholesterol levels in the popu- 
lation. There was little overlap (less than 5 percent) 
between the levels of both groups. 

The diagnosis of the homozygous form of type II 
hyperlipoproteinemia requires that at the time of 
sampling both parents be shown to be heterozygous 
for the disorder and that the cholesterol level in the 
subject be considerably above that of other less af- 
fected siblings. The finding of hypercholesterolemia, 
xanthomas or premature arterial disease in a given 
parental line is suggestive of a type II disorder in a 
parent who is unavailable for sampling. 


Clinical features: The clinical consequences of 
elevated LDL concentrations stem from lipid accu- 
mulation at various sites. In the adult they include 
corneal arcus, xanthelasma, tendinous and tuberous 
xanthomas and premature vascular disease involving 
the coronary, lower limb and cerebral arteries. It has 
long been appreciated that the type II pattern often 
occurrs, with xanthomas, in several members of a 
kindred, frequently in association with the early 
onset of ischemic heart disease. More recent studies 
have confirmed the high prevalence of ischemic heart 
disease. For example, in a study of 331 members of 
11 Danish familial hypercholesterolemic kindreds, 
Jensen et al.?? found that 43 percent of the male and 
24 percent of the female members with hypercholes- 
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TABLE VI 


Clinical Features in a Sample of Patients Aged 1 to 19 Years with Type II Hyperlipoproteinemia* 


Plasma Cholesterol Corneal Atherosclerotic 
>500 mg/100 ml AAT a i Arcus Heart Disease 
(%) Xanthelasma Tendon Tuberous Planar (%) (%) 
Heterozygotes 0.8 0 8 0 0.8 0.8 0.8 
(no. = 117) 
Homozygotes 100 0 60 40 90 30 80 
(no. = 10) 


* Kwiterovich et al.* 


terolemia had coronary artery disease compared to 31 
and 0 percent, respectively, of the male and female 
members with a normal cholesterol level. The first 
symptoms of coronary disease occurred in 19 percent 
of the male subjects before age 40 years and in 45 
percent before age 50. Similarly, Slack,?3 in a series 
of 42 men with type I hyperlipoproteinemia and 
xanthomas, calculated that the chance of a first at- 
tack of ischemic heart disease was 24 percent by age 
40 years and 52 percent by age 50. Fifty-four percent 
of men with a type II pattern in Slack’s series were 
dead by age 60 years. It is now recognized that lesser 
increases in LDL commonly occur without associated 
xanthomas, but with a predisposition to angina, 
myocardial infarction and other vascular complica- 
tions, often before age 50 years in men and age 60 
years in women. 

Preliminary studies suggest that primary type II 
hyperlipoproteinemia is common in subjects who ex- 
perience ischemic heart disease especially when the 
latter occurs at a relatively young age. Heinle et al.?4 
studied 126 subjects, aged 29 to 67 years, with angi- 
na and angiographically proved coronary artery dis- 
ease, and found 29 percent to have primary type II 
hyperlipoproteinemia compared with 3 percent of a 
control group. Of subjects less than 50 years of age, 
80 percent had hyperlipoproteinemia with approxi- 
mately equal numbers having type II and type IV. 
Similarly, a Scottish study?° of 100 subjects under 
the age 65 years with a previous myocardial infarc- 
tion showed 41 percent of all men, 58 percent of men 
under age 50 years, and 69 percent of all female 
subjects to have primary type II hyperlipoproteine- 
mia. 

Clinical signs of primary type II hyperlipopro- 
teinemia in children®:?®-3!; The child with primary 
type II hyperlipoproteinemia shows few or no clinical 
signs of hypercholesterolemia (Table VI). A corneal 
arcus is sometimes seen and often, but not always, 
denotes familial type II hyperlipoproteinemia. Isolat- 
ed xanthelasma does not occur, although xanthomas 
in the Achilles tendons are very occasionally ob- 
served in the second decade. Clinical arterial disease 
is virtually unknown in the heterozygous child. In 
fact, the usual reason for searching for the disorder 
in a child is the finding of the type II pattern in a 
parent.?1 
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The type II homozygote: In keeping with the 
proposition that the homozygous child?® has inherit- 
ed a double dose of the abnormal allele, compared 
with the single one for the heterozygote, the ‘‘pre- 
sumed homozygote” has lipid levels about twice as 
high as those of the “presumed heterozygote” with 
the total plasma cholesterol level usually exceeding 
500 mg/100 ml and an LDL level exceeding 450 mg/ 
100 ml.° Homozygous type II hyperlipoproteinemia 
carries a very poor prognosis because of the frequent, 
if not inevitable, development of ischemic heart dis- 
ease in the first or second decades. Xanthomas often 
occur either at birth or within a few years. Initially 
they are of the planar variety and are situated over 
the dorsum of the hand, knees, elbows, buttock areas 
and heels. They may resemble the lesions seen in 
children with chronic biliary obstruction, which is 
readily distinguished by the presence of jaundice, ab- 
normal liver function tests and raised phospholipid/ 
cholesterol and free cholesterol/cholesterol ester ra- 
tios. The development of tendinous or tuberous le- 
sions in the homozygote with a type II disorder is 
usually delayed until the second decade; typically 
they are located at the same sites as in the heterozy- 
gote but are considerably larger. Corneal arcus often 
occurs, and subvalvular aortic stenosis with or with- 
out significant hemodynamic consequences due to 
massive arterial lipid accumulation may be pres- 
ent.?? The latter is also occasionally found in the 
heterozygote. A polyarthritic syndrome, sometimes 
mimicking acute rheumatism, has been docu- 
mented.?8 The sedimentation rate is elevated, pre- 
sumably related to excess LDL rather than a system- 
ic disturbance. 

Basic defect: The fundamental defect or defects 
in primary familial type II hyperlipoproteinemia are 
unknown. The LDL and its apoprotein do not ap- 
pear to be abnormal in chemical composition, 
physiochemical properties or immunochemical speci- 
ficity. Turnover studies, using LDL labeled in the 
peptide moiety with 1?°iodine, show a normal syn- 
thetic rate but an increased half-life and decreased 
fractional catabolic rate of the apoprotein, thus 
pointing to a defect in the catabolism of LDL?9 in 
some subjects with a familial type II disorder. 

Umbilical cord blood screening®:?!.3° 31; The sig- 
nificance of detecting primary type II in childhood 
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probably lies in the opportunity it will provide for 
identifying persons at risk for ischemic heart disease 
at an age sufficiently early for institution of preven- 
tive therapy. The possibility of diagnosing primary 
type II hyperlipoproteinemia by analysis of umbilical 
cord blood plasma is being currently explored. Such 
an approach, if feasible, would have considerable ap- 
peal should population screening become desirable. 

The lipoproteins of cord blood are normally exclu- 
sively fetal in origin. The mean umbilical cord plas- 
ma cholesterol level in a series of 1,800 unselected 
live births was 64 + 18 mg/100 ml,°° a figure consis- 
tent with other reports (Table III). The cholesterol is 
distributed almost equally between HDL and LDL, 
there being no chylomicrons and hardly any VLDL 
in cord blood. The relatively large amount of HDL 
makes it unwise to infer that an elevated total cho- 
lesterol level reflects an increase in LDL cholesterol, 
and the latter should always be determined. This is 
done merely by subtracting the HDL cholesterol 
level and the triglyceride/5 fraction from the total 
plasma cholesterol level. 

Special precautions have to be observed in esti- 
mating cord plasma cholesterol to take account of 
the concomitant presence of at least 1 to 2 mg/100 
ml of bilirubin or of hemoglobin liberated by hemol- 
ysis. Both these compounds may lead to falsely high 
readings for cholesterol with several colorometric as- 
says. Either they should be eliminated from the plas- 
ma with an absorbent before determination, or their 
concentrations should be estimated and appropriate 
corrections made. 

Several affected offspring of parents with a famil- 
ial type II disorder have been identified either on the 
basis of elevated levels of umbilical cord plasma 
total cholesterol (greater than 95 mg/100 ml) or LDL 
cholesterol (greater than 65 mg/100 ml). For exam- 
ple, Kwiterovich et al.*! found approximately equal 
numbers of affected and nonaffected offspring in a 
study of 28 samples of cord blood obtained from a 
mating involving 1 parent with a type II disorder; 
this finding is in keeping with an autosomal domi- 
nant inheritance pattern. Using an elevated total 
cord plasma cholesterol level as a criterion of type II 
hyperlipoproteinemia, Glueck et al.®° found that 14 
of 1,800 unselected newborn infants were affected, 
and also had an affected parent, thereby suggesting 
a minimal incidence of 0.9 percent for the familial 
type II disorder. Although cord blood analysis may 
enable primary familial type II hyperlipoproteinemia 
to be diagnosed at birth, caution must be voiced in 
interpreting plasma cholesterol levels obtained dur- 
ing the first year of life since they are so greatly af- 
fected during this period by the type of formula diet 
the infant is receiving.®? -33 

Treatment: A low cholesterol diet!4-15 is the first 
step in correcting hypercholesterolemia due to ele- 
vated LDL levels. It aims to reduce the daily intake 
from its usual level of 600 to 800 mg to 100 to 150 
mg. Its main features are the avoidance of egg yolk 
in any form, organ and fatty meats, and shellfish. 


Skimmed milk and low cholesterol margarine (in 
tubs) may be substituted for whole milk and butter, 
and cheeses other than the cottage variety are avoid- 
ed. The ratio of polyunsaturated to saturated fat can 
be increased to about 2:1. 

The early initiation of the type II diet encourages 
the child to form an eating pattern that one hopes he 
will maintain throughout adult life. With this diet a 
14 percent reduction in total plasma cholesterol, 
under out-patient conditions, and a 22 percent re- 
duction under stringent in-patient conditions has 
been recorded in the heterozygous child.?! Similarly, 
Segall et al.34 reduced total cholesterol levels by an 
average of 24 percent using a low fat diet in 13 hetero- 
zygous children. Normal lipid levels are achieved by 
diet alone in only about 15 percent of children with a 
type II pattern.*! Normalization of cholesterol con- 
centrations usually is accomplished by the addition 
to the dietary regimen of a bile acid sequestrant such 
as cholestyramine (Questran®), a nonabsorbable an- 
ionic exchange resin that may be administered to 
children at a dosage of 250 to 800 mg/kg per day in 
divided doses.?!:31 In the intestine, it exchanges 
chlorine ions for those of bile acids, enhancing the 
fecal excretion of the latter. Compensatory increases 
in cholesterol degradation and biosynthesis, and 
LDL clearance occur. The net effect is a reduction in 
total plasma and LDL cholesterol concentrations. 
With the recommended dosages, malabsorption due 
to excessive bile acid binding is not a problem and, 
in fact, constipation is often a troublesome side ef- 
fect in adults requiring administration of a purga- 
tive. Routine supplementation of the regimen with 
fat-soluble vitamins has been advocated as a safe- 
guard, but may be unnecessary. In young heterozy- 
gotes the combination of a low cholesterol diet and 
cholestyramine resin (about 16 g/day) can reduce 
the cholesterol level by an average of 54 percent, well 
into the normal range, and maintain it there.?!.31 As 
of this writing, cholestyramine has not been cleared 
by the Food and Drug Administration for use as a 
lipid-lowering agent. Colestipol is another recent bile 
acid sequestrant that may be effective. *® 

An increase in LDL clearance with a resultant fall 
in cholesterol levels may be effected with D-thyrox- 
ine (Choloxin®).36 Its use in children (2 to 6 mg/day) 
is not compromised, as it is in adults with ischemic 
heart disease, by its tendency to aggravate preexist- 
ing angina or to induce arrhythmias.?? The supplem- 
entation of the low cholesterol diet with clofibrate 
(Atromid-S®) has been investigated in 6 heterozy- 
gous children by Segall et al.34; it was less effective 
than the addition of cholestyramine, producing a fall 
of only 9 percent in the total cholesterol level. 

Partial ileal bypass has been advocated for the 
treatment of childhood familial type II hyperlipopro- 
teinemia.*® At present, it seems an unlikely proce- 
dure to try in one’s first efforts to achieve a reduc- 
tion in lipid levels when this can now be consistently 
achieved by a combination of diet and exchange 
resin. 
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The object of treatment in familial type II hyperli- 
poproteinemia should be to prevent or delay the de- 
velopment of premature vascular disease. It must be 
emphasized that it is not known whether this can be 
achieved and, if so, at what age therapy is best com- 
menced. Possible adverse psychological and physical 
effects of such a chronic regimen require evaluation. 
The extent of the risk of development of ischemic 
heart disease in relation to sex and degree of eleva- 
tion of lipid level remains to be estimated precisely. 
For the time being it would seem prudent to restrict 
the cholesterol intake of mildly affected children, 
and to reserve the addition of cholestyramine for 
those with very high cholesterol levels, especially 
when there is a strong family history of premature 
arterial disease. 

The prognosis in the homozygous child is so poor 
as to justify the use of aggressive lipid-lowering ther- 
apy. The response to treatment is variable, however. 
Diet and cholestyramine in larger doses than those 
employed in the heterozygote (0.5 to 1.5 g/kg body 
weight per day) often, but not always, produce a 
considerable reduction.?! The addition of nicotinic 
acid may be of further value.5-31.39 In contrast to 
cholestyramine, nicotinic acid acts by reducing the 
rate of LDL synthesis.4° The combination of the 2 
drugs often has an effect superior to that which 
might be expected if their effects were merely addi- 
tive. However, nicotinic acid consistently produces a 
number of troublesome side effects including flush- 
ing, especially when it is first instituted, and its ad- 
ministration may lead to hyperuricemia, impaired 
glucose tolerance and hepatotoxicity, although these 
effects do not appear to be permanent. It should not 
be used indiscriminately, and only with appropriate 
monitoring. Should the described regimen fail, the 
addition of clofibrate to cholestyramine may be wor- 
thy of trial since it is occasionally effective. The par- 
tial ileal bypass has proved unsuccessful in lowering 
lipid levels. Hypolipidemic therapy in homozygotes 
has produced softening and disappearance of planar 
and tuberous xanthomas. 


Type II! Hyperlipoproteinemia® 5 


This disorder is characterized by the presence of a 
lipoprotein with the electrophoretic mobility of beta 
lipoprotein but of an abnormally low density (less 
than 1.006 ‘floating’ beta lipoprotein?»>). It fre- 
quently results in a lipemic plasma and hyper- 
cholesterolemia and hypertriglyceridemia in which 
the ratio of the lipid levels often approaches unity. 
Electrophoresis of the whole plasma may show a 
broadened and somewhat indistinct beta lipoprotein 
band. 

Clinically, it can produce planar xanthomas, espe- 
cially in the palmar creases, and virtually diagnostic 
tubo-eruptive lesions, commonly at the elbows. Xan- 
thelasma and premature corneal arcus and tendon 
xanthomas also occur. It often leads to ischemic cor- 
onary and, with unusual frequency, peripheral vas- 


cular disease. Abnormal glucose tolerance and hy- 
peruricemia may coexist. 

The metabolic defect in type III hyperlipoproteine- 
mia appears to lie in the conversion of VLDL to 
LDL.*! “Floating” beta lipoprotein is also seen in 
Tangier disease and sometimes in diabetic ketoaci- 
dosis and obstructive liver disease. 

The mode of inheritance of type III is unclear, but 
appears to be either autosomal recessive or autoso- 
mal dominant with incomplete penetrance.® Vertical 
transmission is occasionally observed. Thus far, the 
abnormality has not been detected in childhood. 
First-degree relatives show an increased frequency of 
type IV patterns, but the meaning of this finding is 
obscure.5 Genetic overlap has not been observed in 
the National Heart and Lung Institute studies be- 
tween types II and III hyperlipoproteinemia, in that 
first degree relatives of patients in type III index 
cases have not been found to exhibit the type II pat- 
tern and vice-versa. 

Treatment consists of a low cholesterol diet, re- 
duction to ideal weight and its maintenance by a 
diet in which carbohydrate and fat each provide 40 
percent of the total calories, plus clofibrate 2 g/day. 
This regimen almost invariably corrects the hyperli- 
pidemia, often reducing the lipids to very low levels, 
and leads to regression of cutaneous xanthomas, im- 
proved peripheral blood flow4? and subjective im- 
provement in angina and claudication. 


Type IV Hyperlipoproteinemia®»° 


When the only abnormality in the lipoproteins — 
consist of an increased VLDL concentration, the 
type IV pattern is present. Triglyceride levels are al- 
ways increased and if the increase in VLDL is suffi- 
ciently great, as it is in about 20 percent of subjects 
with type IV pattern, cholesterol levels will also be 
boosted outside the normal range. A typical range 
for triglycerides is 150 to 1,000 mg/100 ml and for 
cholesterol, 125 to 350 mg/100 ml. Depending on the 
degree of increase in VLDL, the plasma is clear, 
cloudy or milky. Cold storage of the turbid plasma 
does not alter its appearance, no cream layer being 
produced. Electrophoresis in paper or agarose gel 
shows a pre-beta band which, when VLDL concen- 
trations are high, “trails” through the beta lipopro- 
tein band to the origin. 

A pre-beta band is not always synonymous with 
VLDL; so-called “sinking” pre-beta lipoprotein, a 
triglyceride-poor lipoprotein of density greater than 
1.006, is observed on electrophoresis of 10 percent of 
normal and hyperlipoproteinemia plasmas.43 

Clinically, eruptive xanthomas very occasionally 
develop in subjects with hypertriglyceridemia due to 
a VLDL increase. Obesity, hyperuricemia and im- 
paired carbohydrate tolerance occur with greater 
than average frequency. The relation of type IV hy- 
perlipoproteinemia to accelerated atherosclerosis is 
not as well established as it is for the type II disor- 
der. Nevertheless, preliminary studies and general 
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clinical experience suggest that the abnormality is 
associated with an increased risk of coronary artery 
disease. For example, many of the subjects under age 
50 with angina or previous myocardial infarction in 
the studies previously cited had primary type IV hy- 
perlipoproteinemia.”4 »2° 


Type IV hyperlipoproteinemia, even when it oc- 
curs as a primary abnormality, is almost certainly 
heterogeneous. The relatives of propositi with a type 
II or V pattern display the type IV pattern more 
often than would be expected from its prevalence in 
the general population. The pattern of inheritance 
for some patients with a type IV disorder is consis- 
tent with a mode of autosomal dominant inheritance 
with a delay in expression, usually but not invariably 
until early adult life; of 25 children less than 20 years 
from type IV kindred, only 4 displayed the type IV 
pattern®!; these children were all overweight. 

A type IV pattern is a common secondary manifes- 
tation of several diseases that occur in childhood 
such as a diabetic ketoacidosis, nephrosis, renal fail- 
ure, glycogen storage disease, malnutrition and idio- 
pathic hypercalcemia. 

The specific metabolic abnormalities in primary 
type IV hyperlipoproteinemia are obscure. Recent 
studies of VLDL turnover with labeled free fatty 
acids or triglyceride tend to incriminate defective ca- 
tabolism rather than enhanced synthesis of VLDL as 
being responsible for the raised VLDL concentra- 
tions.44:45 However, there are difficulties in inter- 
preting VLDL turnover studies so that these findings 
should be accepted as provisional. 


With respect to treatment, a reduction in the plas- 
ma VLDL and lipid concentrations to normal or 
near-normal levels can usually be achieved by reduc- 
tion to ideal body weight. This is the mainstay of 
therapy for the adult and should be the sole ap- 
proach in the child. Clofibrate may be of further 
value but since it is not free from occasional toxic 
effects*® it would seem to be unjustified to expose 
the child to these effects, especially in the absence of 
good data on the risk for vascular disease. 


Type V Hyperlipoproteinemia® 5 


The type V pattern consists of an increased con- 
centration of VLDL and fasting chylomicronemia. It 
results in a lipemic plasma which, on cold storage, 
divides into an upper creamy layer over a still lactes- 
cent lower layer. Triglyceride levels are invariably 
elevated usually to between 500 to 6,500 mg/100 ml 
and cholesterol levels lie between 150 to 1,500 mg/ 
100 ml.8 

Clinically, this pattern shows many of the features 
associated with the chylomicronemia of type I hyper- 
lipoproteinemia including eruptive xanthomas, li- 
pemia retinalis, recurrent abdominal pain and acute 
and chronic pancreatitis, and hepatosplenomegaly. It 
does not seem to lead to premature atherosclerosis. 
Like the type IV disorder, it is frequently associated 
with obesity and hyperuricemia, and abnormal glu- 
cose tolerance is very common.’ Primary type V hy- 
perlipoproteinemia differs from primary type I in 
that symptoms do not begin in infancy and are usu- 
ally delayed until early adult life. However, several 
teenagers with the disorder have been found, and 
some adults describe the onset of their symptoms in 
childhood. Also, in contrast to patients with a type I 
abnormality, those with the primary type V disorder 
do not have abnormally low lipoprotein lipase activi- 
ty, and the 2 types can thus be readily distinguished 
by the in vivo heparin test described previously. The 
type V pattern is frequently seen in childhood secon- 
dary to diabetic acidosis and the nephrotic syn- 
drome. 

The mode of inheritance of primary familial type 
V hyperlipoproteinemia is not established and has to 
take account of an unusually high frequency of a 
type IV pattern in first-degree relatives, including 
children.> A family history of diabetes mellitus is 
often obtained. 

Treatment consists of weight reduction and main- 
tenance and a diet in which fat, and within practical 
limits, carbohydrate is restricted and in the adult, 
strict restriction of alcohol. Nicotinic acid, progesto- 
gens or clofibrate may be of additional value.® 
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Certain clinical and cardiovascular necropsy findings are described 
in 28 patients with known hyperlipoproteinemia and 14 patients 
known to have a normal lipoprotein pattern. Of the 42 patients, 28 
had symptomatic ischemic heart disease: 20 of these had hyperlipo- 
proteinemia (9 type II, 2 type IIl, and 9 type IV), and 8 had a normal 
lipoprotein pattern. The average age at death in the 20 patients with 
hyperlipoproteinemia and symptomatic ischemic heart disease was 
48 years, and in the 8 with a normal lipoprotein pattern and ischemic 
heart disease, 46 years. The degree of coronary arterial luminal nar- 
rowing was severe in all patients with ischemic heart disease wheth- 
er their lipoprotein pattern was normal or abnormal. In all 28 pa- 
tients with symptomatic ischemic heart disease, the lumen of at 
least 1 of the 3 major coronary arteries was narrowed more than 75 
percent by old atherosclerotic plaques, and in 25 of these all 3 major 
coronary arteries were narrowed to this extent. With the exception of 
1 of the 2 patients with a type III pattern, the composition of the 
coronary atherosclerotic plaques was similar among patients with 
type Il, IIHI and IV hyperlipoproteinemia and among those with a nor- 
mal lipoprotein pattern. Attention is called to the unique type of val- 
vular aortic stenosis that frequently develops in the homozygote 
with a type II pattern and also to the reversed distribution of the aor- 
tic atherosclerotic plaquing in the homozygote with a type II pattern. 
In these patients the amount of plaquing appears to be greater in the 
ascending than in the abdominal portion of the aorta. Lipid plaques 
were observed on left atrial endocardium in 2 patients: One had 
type | hyperlipoproteinemia without associated coronary or aortic 
atherosclerosis; the second had a type III pattern with extensive 
coronary and aortic atherosclerosis. These left atrial endocardial 
lipid deposits may be unique to these hyperlipoproteinemias. In con- 
clusion, it appears clear that atherosclerosis is accelerated or oc- 
curs prematurely in patients with type Il, IHI and IV hyperlipoprotein- 
emia, but that hyperlipoproteinemia is not a prerequisite for prema- 
ture development of severe atherosclerosis. 


In 1965 Fredrickson and Lees 1 introduced a system for partial phen- 
otyping of hyperlipoproteinemias. Subsequently, numerous reports 
on this subject have appeared, but relatively few have focused on the 
morphologic aspects of the hyperlipoproteinemias. This communica- 
tion describes certain cardiovascular observations in 28 necropsy pa- 
tients with known hyperlipoproteinemia and 14 necropsy patients 
known to have normal lipoprotein patterns. 


Patients Studied and Methods 


For 9 years serum cholesterol and triglyceride determinations and lipopro- 
tein phenotyping have been performed, by methods described elsewhere,?-> 
in the Molecular Disease Branch of the National Heart and Lung Insti- 
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TABLE | 


Clinical and Cardiac Necropsy Data 





Age at 
Symp- Duration of Onset of 
Case Age (yr) & tomsof Symptoms Symptoms Angina History 
no. Sex of IHS (yr) (yr) Pectoris of AMI CHF HT* DM FH of HD TC} TGt 





A. Type Il Hyperlipoproteinemia 








4 588 100 


1g 28M + 11 17 + + 0 0 0 
2§ 29F + 4 25 + 0 0 0 0 ++ 430 86 
3 36M + 2.5 33 + + 0 0 0 0 482 224 
4$ 42M + <lhr 42 0 0 0 4 + 0 364 142 
5§ 47M + 2 45 + 0 0 0 0 0 572 253 
6§ 49M 4 18 31 + 0 0 + 0 ++ 591 388 
7$ 51M + 10 41 0 + 0 0 0 +! 388 134 
8§ 51M + 9 42 + 0 0 + 0 ate 460 220 
9 55M 4 4 51 + + 0 0 0 + 282 76 
10 16F 0 ‘ai 0 0 0 + 0 0 302 356 
11 21F 0 3 0 0 0 0 0 0 422 320 


* Systemic systolic blood pressure >150 or diastolic pressure >90 mm Hg. 

+ Normal values 150 to 310 mg/100 ml. 

t Normal values 10 to 160 mg/100 ml. 

§ These patients had multiple xanthomas. 

T Both parents also had type II hyperlipoproteinemia. This is the only homozygote among these fatal cases. The aortic valve cusps 
contained foam cells and cholesterol clefts indicating that the origin of the aortic stenosis was ‘‘atherosclerosis.”’ 

f This patient had been asymptomatic since left ventricular outflow myotomy and myectomy for idiopathic hypertrophic subaortic 
stenosis 3 years before death. He died about 1 hour after onset of chest pain typical of acute myocardial infarction. 

Il Two pluses indicate that hyperlipoproteinemia was documented in other family members. One plus indicates a history of heart 
disease in other family members before age 55 years but no confirmation of hyperlipoproteinemia or hypercholesterolemia in other 
family members. 


B. Type Ill Hyperlipoproteinemia 





12* 52F -+ 18 34 + + + + + Is 338 429 
13*,ł 57F + 11 46 + + 0 0 + +--+ 700 1100 
* Each had intermittent claudication of both legs. 
C. Type IV Hyperlipoproteinemia 

14 31F + 10 21 + 0 0 + 0 0 212 216 
15 43M + 4 39 + + 0 + 0 + 239 266 
16 44M + 8 mo 44 0 + + 0 0 0 140 264 
17 50M + 17 33 + + 0 0 0 + 246 600 
18 54M + 10 44 + + 0 0 + 0 188 520 
19 56M -+ 17 38 + af 0 0 0 0 400 1500 
20 56M + 5 51 + + 0 0 + + 735 2820 
21 59M +- 17 42 + 0 0 + + + 183 228 
22 65M + 3 hr 65 0 0 0 + 0 0 193 210 
23 22M 0 0 0 0 + 0 0 282 250 
24 28F 0 0 0 0 + 0 0 314 372 
25 46F 0 $" 0 +" 0 0 + 256 208 
26 54F 0 0 0 + + 0 0 262 456 


* Patient severely hypertensive before nephrectomy for hypoplastic kidney at age 18. 

t Died of acute myocardial infarction several hours after insertion of carotid sinus stimulator. 

ł Died of acute myocardial infarction 5 days after Vineberg procedure (internal mammary implants into left ventricular wall). 
§ Cerebral arterial embolism during cardiac catheterization. Died in coma 3 days later. 

T Died 3 days after aortocoronary arterial saphenous vein bypass grafts implanted. 





D. Normal Lipoprotein Pattern 





27 34M F 7 27 ife + 0 0 + a 258 158 
28 40M + 4 36 ec 0 0 0 0 + 233 112 
29 41M + 7 35 + 0 + 0 + 0 214 150 
30 43M + 2 41 + 0 0 0 0 0 195 86 
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% Luminal Narrowing 
of Coronary Arleries by 


Heart 
: Old Atherosclerotic Plaques : 
Case Weight a ee: Myocardial Myocardial 
no. Other Disease Cause of Death (g) LAD LC Rt Necrosis Fibrosis 





A. Type II Hyperlipoproteinemia 





1§ As‘ Sudden 370 >75 >75 >75 0 +(TM) 
2§ 0 Sudden 300 51-75 51-75 >75 0 0 
3 0 AMI 370 >75 >75 >75 + +(patchy) 
4§ IHSS# Sudden 590 >75 >75 >75 0 +(patchy) 
5§ Gout Sudden 330 >75 >75 >75 0 +(patchy) 
6§ 0 AMI 400 >75 >75 >75 + +(TM) 
7§ 0 Sudden 350 >75 >75 >75 0 +(SE) 
8§ Neuromuscular Sudden 380 51-75 >75 >75 0 +(SE) 
disorder** 
9 AS Operationtt 440 >75 >75 >75 + +(patchy) 
10 SLE SLE 300 <25 <25 <25 0 0 
11 CESD,AS AStt 340 26-50 51-75 51-75 0 0 


** Several family members had similar neuromuscular disorders and a type II pattern. This patient is described elsewhere.*® 

tł Aortic valve replacement for severe aortic stenosis (70 mm Hg peak systolic pressure gradient between the left ventricle and a sys- 
temic artery). None of the 3 valve cusps contained foam cells or cholesterol clefts. 

tt Congenitally bicuspid aortic valve that was severely stenotic despite valvulotomy 6 years earlier. However, lipid material was 
present in each aortic valve cusp and in the wall of the ascending aorta. 

AMI = acute myocardial infarction; AS = valvular aortic stenosis; CESD = cholesteryl ester storage disease; CHF = congestive heart 
failure; DM = diabetes mellitus; FH = family history; HD = heart disease; HT = hypertension; IHS = ischemic heart disease; IHSS = 
idiopathic hypertrophic subaortic stenosis; LAD = left anterior descending; LC = left circumflex; Rt = right; SE = subendocardium 
only; SLE = systemic lupus erythematosus; TC = total serum cholesterol (mg/100 ml); TG = serum triglyceride (mg/100 ml); TM = 
transmural. 





B. Type lil Hyperlipoproteinemia 


12* 0 AMI 480 >75 >75 >75 + +(TM) 
13*'+ 0 Sudden 330 >75 >75 >75 0 +(SE) 


+ This patient, described in detail elsewhere,® had yellow (lipid) deposits on the palms and fingers and in many other areas. 








C. Type IV Hyperlipoproteinemia 





14 Renal* Sudden 300 >75 >75 >75 0 +(SE) 
15 0 Operationt+ 350 >75 >75 >75 0 +(TM) 
16 Polyneuropathy AMI 500 >75 >75 >75 +(TM) +(TM) 
17 0 Operation{ 450 >75 >75 >75 +(TM) +(TM) 
18 0 Catheterization§ 505 >75 >75 >75 +(SE) +(TM) 
19 0 Sudden 460 >75 >75 >75 0 +(patchy) 
20 0 AMI 450 >75 >75 >75 +(SE) +(TM) 
21 0 Operation“ 640 >75 >75 >75 0 +(TM) 
22 0 Sudden 540 >75 >75 >75 0 +(SE) 
23 Pheochromocytoma* 420 <25 <25 <25 0 0 

24 SLE SLE 400 >75 51-75 >75 0 0 

25 IHSS IHSS 420 51-75 51-75 >75 0 +TM)’ 
26 MR, AR Operation ** 510 26-50 51-75 51-75 0 0 


f Malignant-widespread metastases. 

** Aortic and mitral valve replacements for mitral regurgitation (MR) and aortic regurgitation (AR). 

Il Probably secondary to the associated idiopathic hypertrophic subaortic stenosis, or at least not solely the result of coronary heart 
disease. 


La a e a a LL L a a  — 


D. Normal Lipoprotein Pattern 


27 0 Operation* 390 >75 >19 >75 +(TM) +(TM) 

28 0 Catheterizationt 370 >75 >75 >75 +(TM) +(SE) 

29 0 Sudden 450 >75 >75 >75 0 +(SE) 

30 0 Operation į 475 >75 >75 >75 +(TM) +(TM) 
Se OE LE ee S A ee a Oe Se ee SS SS Se 
continued 
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TABLE |I (continued) 


Age at 


Symp- Duration of Onset of 


Case Age (yr) & tomsof Symptoms Symptoms Angina 
no. Sex of IHS (yr) (yr) Pectoris 
31 46M -+ 13 33 + 
32 47M -H 2 45 + 
33 57M 4 6 51 + 
34 59F -+ 7 52 + 
35 33M 0 +1 
36 33M 0 0 
37 47M 0 +‘ 
38 47M 0 0 
39 50M 0 0 
40 62M 0 0 


* Acute myocardial infarction during Vineberg procedure. 


t Fatal coronary arterial embolism during cardiac catheterization. 


ooooooot+ + + 


History 


of AMI CHF HT* DM FH of HD TC} TG} 
0 0 0 0 230 169 
0 + 0 0 136 76 
0 0 0 + 178 124 
0 + 0 ‘f 236 79 
T 0 0 + 214 68 
0 0 0 0 196 66 
5 + 0 0 204 146 
0 0 $ 0 256 114 
0 T 0 0 176 118 
+ + 0 0 134 87 


ł Fatal acute myocardial infarction immediately after insertion of coronary sinus stimulator. 


§ Died 1 day after aortocoronary bypass grafts inserted. 





tute on patients admitted to the Clinical Center with pos- 
itive or suspected clinical evidence of ischemic heart dis- 
ease or hyperlipidemia. During most of this time these 
same determinations were performed for screening pur- 
poses on patients admitted to certain wards of the Clini- 
cal Center. Thus, 2 pools of typed subjects were available. 
Within these 2 groups, 42 patients died and underwent 
necropsy. The clinical and necropsy records of all 42 pa- 
tients were reviewed. In addition, the heart of each 
subject was reexamined, and the histologic sections of it 
were reviewed. The major extramural coronary arteries of 
each patient were examined in their entirety, by methods 
described elsewhere,®:’ if they had not been examined in 
this manner at the time of necropsy. In essence, the right, 
left main, left anterior descending and left circumflex cor- 
onary arteries were excised intact, decalcified, cut at 0.5 
cm intervals, embedded as a whole and processed, and 3 
histologic sections from each 0.5 cm segment were cut, 
stained and examined. The maximal percent of luminal 
narrowing of each artery was recorded. 

Histologic sections of spleen, stained by hematoxylin- 
eosin and by the periodic acid-Schiff methods, were ex- 
amined in each of the 42 necropsy patients. 


Results 
Clinical Features 


Pertinent clinical and morphologic data in 40 of 
the 42 necropsy patients are summarized in Table I; 
data from 2 patients, 1 with type I and 1 with type V 
disease, are not included. Some morphologic ob- 
servations are illustrated in Figures 1 to 15. Of the 
28 patients with hyperlipoproteinemia, 23 had the 
primary variety, heritable in at least 13, and 5 had 
the secondary variety; that is, the hyperlipoproteine- 
mia was caused by another known disease. Of the 42 
patients, 28 had clinical evidence of ischemic heart 
disease, namely, angina pectoris, acute myocardial 
infarction or sudden death, or a combination of these 
findings. Among these 28 patients, 23 of whom were 
men and 5 women, 9 had type II, 2 type III, 9 type 
IV, and 8, normal lipoprotein patterns. Their ages 
ranged from 28 to 65 years (average age 47); patients 


with a type II pattern averaged 43 years, those with 
type IV 47 years, and those with a normal lipopro- 
tein pattern 46 years. The 2 patients with a type III 
pattern were 52 and 57 years of age, respectively. Of 
the 14 patients without clinical evidence of ischemic 
heart disease, 2 had asymmetric septal hypertrophy 
(idiopathic hypertrophic subaortic stenosis) (type IV 
in 1, normal lipoprotein pattern in 1), 2 had valvular 
heart disease (type II in 1, normal lipoprotein pat- 
tern in 1), 2 systemic lupus erythematosus (type II in 
1, type IV in 1), 1 scleroderma (normal lipoprotein 
pattern), 1 metastatic pheochromocytoma (type IV), 
1 cholesteryl ester storage disease (type II),!° 1 fatal 
pancreatitis (type I), and 1 glycogen storage disease 
(type V). Of the 14 patients without clinical evidence 
of ischemic heart disease, 9 were male and 5 were fe- 
male. Excluding the 9 month old boy with glycogen 
storage disease, their ages ranged from 16 to 62 years 
(average 38); the single patient with a type I pattern 
was 30 years old, the 2 patients with a type II pat- 
tern were 16 and 21 years old, respectively; the 3 with 
a type IV pattern averaged 35 years; and the 7 witha 
normal lipoprotein pattern averaged 45 years. 

Of the 28 patients with symptomatic ischemic 
heart disease, all died from consequences of severe 
coronary arterial luminal narrowing: 12 died sudden- 
ly (less than 6 hours after the onset of chest pain) 
(acute cardiovascular collapse without myocardial 
necrosis), 6 from acute myocardial infarction, 8 from 
cardiac operations to improve myocardial oxygena- 
tion, and 2 from complications of coronary arteriog- 
raphy. The average age at death of the 18 patients 
who died from natural consequences of ischemic 
heart disease was 46 years; the average age in the 10 
patients who died from diagnostic or surgical cardiac 
procedures was 49 years. 


Pathologic Findings 


The hearts in 28 patients with symptomatic isch- 
emic heart disease weighed 330 to 640 g (average 
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a ee ee ee) Se 


% Luminal Narrowing 
of Coronary Arteries by 





Heart . 
Case Weight ie ARNOT OECIOrOER Presi Myocardial Myocardial 
no. Other Disease Cause of Death (g) LAD LC Rt Necrosis Fibrosis 
cia Pe ao ee ye oe Se are Se ee ee a es OR 

31 0 Sudden 400 >75 >75 >75 0 +(SE) 
32 0 AMI 460 26-50 >75 >75 +(TM) +(SE) 
33 0 Operation§ 420 >75 >75 >75 +(TM) +(TM) 
34 0 Operation* 320 >75 >75 >75 0 +(SE) 
35 IHSS IHSS 1020 <25 <25 26-50 0 0 

36 Leukemia Leukemia 380 <25 <25 <25 0 0 

37 MR, AR Operation* 770 51-75 51-75 51-75 0 +(SE) 
38 Leukemia Leukemia 270 26-50 26-50 26-50 0 0 

39 Scleroderma Scleroderma 450 26-50 26-50 51-75 0 0 

40 MR, AR Operation ** 1230 51-75 51-75 >75 0 +(TM) 


T Probably secondary to the associated heart disease (idiopathic hypertrophic subaortic stenosis or combined mitral regurgitation 
[MR] and aortic regurgitation [AR]) or at least not the result solely of coronary heart disease. 
f Died 57 days after mitral and aortic valve replacements and aortocoronary arterial bypass graft insertions. 


** Died 2 days after mitral and aortic valve replacements. 





weight 422): the hearts of the 23 men averaged 439 g 
and those of the 5 women 346 g. In 14 of the 28 pa- 
tients, the hearts weighed more than 400 g; 6 of the 
14 had systemic hypertension (4 patients), hypertro- 
phic (asymmetric) cardiomyopathy (1 patient) or 
valvular aortic stenosis (1 patient). Chronic myocar- 
dial ischemia probably was a factor in producing 
cardiomegaly in the other 8 patients. 

Focal myocardial fibrosis _(subendocardial, 
transmural or patchy) was present in 27 of the 28 
patients with symptomatic ischemic heart disease, 
and in only 3 of the 14 patients without it. 

Severe coronary arterial luminal narrowing was 
present in all 28 patients with symptomatic ischemic 
heart disease. In 25 of the 28 patients the lumens of 
each of the 3 major extramural coronary arteries 
(right, left anterior descending, left circumflex) was 
narrowed more than 75 percent by old atherosclerot- 
ic plaques; in 2 others, the lumens of 2 of the 3 arteries 
were narrowed more than 75 percent; and in the re- 
maining patient, the lumen of 1 of the 3 vessels was 
narrowed to this extent. No significant difference in 
degrees of luminal narrowing of the coronary arteries 
was observed among patients with a type II, III, IV or 
normal lipoprotein pattern and ischemic heart dis- 
ease. 

The degree of coronary arterial luminal narrowing 
was much less among the 14 patients without symp- 
tomatic ischemic heart disease: Only 3 had more 
than 75 percent luminal narrowing of any coronary 
vessel, and 5 had normal coronary arteries on gross 
inspection. Several patients without ischemic heart 
disease but with type II or IV hyperlipidemia had 
considerable coronary atherosclerosis for their age, 
but the luminal narrowing was not great enough to 
cause Clinically apparent myocardial disease. 

Atherosclerotic plaques: No obvious differences 
in composition of the atherosclerotic plaques were 
noted among patients with type II or IV or with a 
normal lipoprotein pattern. The major component of 
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the plaques in these patients was fibrous tissue. De- 
posits of pultaceous debris containing cholesterol 
clefts and strongly oil red O positive material (indi- 
cating mainly cholesteryl esters or glycerides) were 
present in many arteries; these deposits were covered 
by fibrous capsules. Calcific deposits also were fre- 
quent in patients with type II and IV disorders and 
in those with a normal lipoprotein pattern. These 
deposits were definitely larger in the older patients. 
Relatively few foam cells were present in most 
plaques. The exception occurred in 1 of the 2 pa- 
tients with a type III disorder who had severe degrees 
of luminal narrowing at some sites resulting primari- 
ly from large collections of foam cells. However, in 
the second patient with type III disease, the coronary 
plaques looked no different from those observed in 
the patients with type II or IV or a normal lipopro- 
tein pattern and symptomatic ischemic heart dis- 
ease. 

With the exception of the patient with a type I 
pattern, atherosclerotic plaques were present diffuse- 
ly in the coronary arteries of all 40 adult patients— 
not just the 28 with symptomatic ischemic heart dis- 
ease—and_ similar, complicated atherosclerotic 
plaques were present in the aorta as well. The plaqu- 
ing was most severe in the abdominal portion of the 
aorta except in the patient with a homozygous type 
II pattern* (Fig. 1 to 3) whose plaquing was more se- 
vere in the ascending than in the abdominal portion 
of the aorta. Both coronary ostia also were consider- 
ably narrowed by calcified plaques. In addition, this 
patient had diffuse fibrous thickening of the 3 aortic 
valve cusps, each of which contained a few foam cells 
and cholesterol clefts. The rigidity imparted to the 
cusps caused the orifice to be stenotic. This patient 
had typical clinical features of valvular aortic steno- 
sis including left ventricular hypertrophy. Foam cell 
plaques were observed in the left atrial endocardium 
in 2 patients: One, a 57 year old woman, had a type 
III pattern with associated severe atherosclerosis of 
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FIGURE 1. Case 1 (Table IA). Photograph of patient with 
homozygous type Il hyperlipoproteinemia. a, from the back 
showing large xanthomas on the elbows, buttocks and ankles. 
Close-up view of buttocks in b, and ankles in c. This man, who 
died suddenly at age 28 on December 20, 1969, had xanthomas 
noted at age 2 years. The left eye was enucleated at age 2 for 
suspected melanoma, but the tumor histologically was a xantho- 
ma. He ate low-fat foods most of his life. He was asymptomatic 
until age 17 years when angina pectoris appeared. At age 23, 
the first of several episodes of syncope occurred, and at age 26 
he had an episode of acute pulmonary edema without evidence 
of acute myocardial infarction. When admitted a month later 
(April 1968) to the National Institutes of Health, he had mild 
exertional dyspnea and angina. He slept flat in bed. Several 
family members, including both parents, had type II hyperlipo- 
proteinemia. In addition to the large widespread tuberotendinous 
xanthomas, he had a sustained left ventricular impulse and a 
grade 3/6 mid-systolic, ejection-type murmur over the left ster- 
nal horder with radiation into the neck. He had no signs of con- 
gestive cardiac failure. The blood pressure was 115/65 mm Hg. 
The heart was of normal size on chest roentgenogram. The 
electrocardiogram showed old anterior and inferior myocardial 
infarction and left ventricular hypertrophy. The initial serum total 
cholesterol level was 588 mg with beta, alpha and very Jow den- 
sity lipoprotein fractians of 529, 31 and 28 mg/100 ml, respec- 
tively. The total serum triglyceride level was 100 mg/100 mi. 
Protein electrophoresis showed a bifid peak in the beta region 
with a quantitation of 1.3 g/100 ml. During his last 2 years, the 
patient was treated with a low cholesterol diet and large doses 
(48 g daily) of cholestyramine. With this therapy the total serum 
cholesterol decreased to a low value of 340 mg/100 mi, the 
xanthomas softened slightly and became less yellow. He died 
suddenly at home. The immediate cause of death was not de- 
termined at necropsy. 


the coronary arteries and aorta®; the second, a 30 
year old man, had a type I pattern but, in contrast, 
his coronary arteries and aorta were free of athero- 
sclerotic plaques on gross inspection. 

Sections of spleen: Foam cells were not observed 
in the spleen of any of the 24 patients with type II or 
IV hyperlipoproteinemia or in any of the 14 with a 
normal lipoprotein pattern in preparations stained 
with hematoxylin-eosin. By autofluorescent tech- 
niques, however, a few small scattered, weakly au- 
tofluorescent cells were observed in the spleen of pa- 
tients with type II and IV disorders and in those with 


_ descending 
coronary © 





FIGURE 2. Case 1. a, close-up view of opened aortic root, aor- 
tic valve and left ventricular outflow tract. The intimal surface of 
the entire ascending aorta is 100 percent involved by complicat- 
ed atherosclerotic plaques. The ostia of the coronary arteries 
are narrowed by the heavy calcific deposits in the aortic root. 
The aortic valve cusps are thickened, and their mobility is con- 
siderably diminished. Relatively few calcific deposits were pres- 
ent in the cusps compared to the extensive deposits in the as- 
cending aorta. The aortic valve orifice appeared moderately 
stenotic but competent. The commissures are not fused. A cal- 
cific deposit also is present on the anterior mitral leaflet near its 
posteromedial commissure. b, radiograph ot heart showing 
heavy calcific deposits in the ascending aorta and anterior de- 
scending coronary artery and a few deposits in the aortic valve 
cusps. c, radiograph of abdominal aorta showing fewer calcific 
plaques than in the ascending aorta. d, opened abdominal aorta. 
RA = renal arteries. e, photomicrograph of portion of abdominal 
aorta. Foam cells, similar in size to those present in the aortic 
valve cusps and in the anterior mitral leaflet, are present in the 
atherosclerotic plaque near the lumen. (Movat stain X36, re- 
duced by 31 percent.) 


a normal lipoprotein pattern. In contrast, easily 
identifiable foam cells were observed in the spleen of 
the 1 patient with a type I pattern, in the 2 patients 
with type III, and in the 1 patient who had glycogen 
storage disease with a type V lipoprotein pattern. 


Comments 


Observations in these patients clearly indicate 
that extensive atherosclerosis of the coronary arteries 
and aorta is definitely accelerated and extensive in 
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FIGURE 3. Case 1. Histologic sections of coronary 
arteries at sites of maximal narrowing. The lumens 
of each of the right (a), left circumflex (c) and an- 
terior descending (d) arteries are more than 75 
percent narrowed by atherosclerotic plaques, com- 
posed mainly of fibrous tissue. b, left main coronary 
artery. (Movat stains [a and b], hematoxylin-eosin 
stains [c and d]; each X22, reduced by 36 per- 
cent.) 


FIGURE 4. Case 8 (Table IA). Major coronary ar- 
teries at sites of maximal narrowing in a 51 year 
old man with type Il hyperlipoproteinemia.** This 
patient had noted xanthomas at age 35 years, and 
angina pectoris appeared at age 42. He also had a 
neuromuscular disease of unknown type due to de- 
generation of the anterior horn cells of the spinal 
cord during his last 5 years.*% Four brothers had a 
type || pattern as did 2 children. The lipoprotein 
pattern of his parents is unknown. He died sudden- 
ly after worsening of his angina. Shown here are 
histologic sections of his major coronary arteries at 
sites of maximal narrowing. a, right coronary artery 
(3 cm from ostium). b, left anterior descending 
coronary artery (first 1 cm). c, left circumflex coro- 
nary artery (first 1 cm). d, left marginal coronary 
artery (first 1 cm). (Movat stains; each X25, re- 
duced by 42 percent.) 


patients with type II, III and IV hyperlipoproteinemia 
and symptomatic ischemic heart disease. It also is 
clear that hyperlipoproteinemia is not a prerequisite 
for the premature development of severe atheroscle- 
rosis. Among our 28 patients with symptomatic ische- 
mic heart disease, 20 had an abnormal (type II in 9, 
type III in 2, and type IV in 9) and 8 a normal lipo- 
protein pattern. The average age at death in the 20 
patients with an abnormal lipoprotein pattern and 
ischemic heart disease was 48 years, and in the 8 
with a normal lipoprotein pattern and ischemic heart 
disease, 46 years. The degree of luminal narrowing 
among all our patients with symptomatic ischemic 
heart disease, whether they had normal or abnormal 
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lipoprotein patterns, was severe: In all 28 patients at 
least 1 of the 3 major coronary arteries was narrowed 
more than 75 percent by old atherosclerotic plaques, 
and in 25 each of the 3 major vessels was narrowed 
to this extent. 

With the exception of 1 patient with a type MI 
pattern, the composition of the coronary atheroscle- 
rotic plaques was similar among patients with type U 
and IV hyperlipoproteinemia and those with a nor- 
mal lipoprotein pattern. In 1 of the 2 patients with a 
type III disorder several areas of the coronary tree 
were narrowed by plaques consisting primarily of 
foam cells.? In contrast, the latter cells were sparse 
in the plaques of patients with type II and IV and 


May 1973 The American Journal of CARDIOLOGY Volume 31 563 





= ee St 


CARDIOVASCULAR PATHOLOGY IN HYPERLIPOPROTEINEMIA—ROBERTS ET AL. 





b f 


N = à 

FIGURE 5. Case 8. Heart and aorta. During life the patient had 
a grade 2/6 systolic ejection murmur interpreted as evidence of 
“aortic stenosis.’ At necropsy, small calcific deposits were 
present on the aortic aspects of each cusp, but the cusps were 
freely mobile and the valve orifice was not stenotic. a, opened 
ascending aorta, aortic valve and left ventricle. Although exten- 
sive atherosclerotic plaquing is present in the ascending aorta, 
the degree is far less than that observed in the patient in Case 1 
(Table IA), who had homozygous type || hyperlipoproteinemia. 
This patient almost certainly had a heterozygous type || pattern. 
b, radiograph of heart specimen disclosing calcific deposits in 
the aortic valve, root of aorta, and coronary arteries. c, radio- 
graph of abdominal aorta showing more extensive calcific de- 
posits than in the ascending aorta. 


normal lipoprotein pattern with symptomatic isch- 
emic heart disease. However, a number of foam cells 
were present in the patients with hyperlipoproteine- 
mia who did not have symptomatic ischemic heart 
disease. These latter patients were relatively young 
adults. The response of lipids to therapy in patients 
with a type III disorder is prompt and usually more 
dramatic than in those with a type II or IV disorder. 
Plaques formed mainly of foam cells, as may be the 
case in some? but not all?! patients with a type IM 
pattern, might be expected to disappear with good 
therapy, whereas those consisting primarily of fi- 
brous tissue with some calcific deposits and choles- 
terol clefts, as in patients with type II and IV disor- 
ders and a normal lipoprotein pattern, would appear 
to be much less reversible. 





FIGURE 6. Case 2 (Table IA). Extensive atherosclerotic plaqu- 
ing of aorta in a 29 year old woman with type || disease. Her 
father died of acute myocardial infarction at age 28, and 2 of 
her children have type || disease and xanthomas of the Achilles 
tendons. She died suddenly after 4 years of angina pectoris. a, 
opened ascending aorta, aortic valve and left ventricle. b, 
opened descending thoracic and abdominal aorta. c, radiograph 
of unopened abdominal aorta disclosing some calcific deposits. 


Lipoprotein Patterns and Premature Vascular 
Disease 


Type I: Although little anatomic information on 
the cardiovascular system is available in type I hy- 
perlipoproteinemia, there is no clinical evidence that 
premature atherosclerosis is a feature of this disor- 
der. Patients with this disorder, however, are few 
and, as a group, young. Our 1 necropsy patient with 
type I disease was a 30 year old man who died of 
pancreatitis. Although he did have lipid deposits on 
the endocardium of his left atrium, his coronary ar- 
teries and aorta were free of atherosclerotic plaques 
on gross examination. 

Type II: It is now well established that vascular 
disease occurs prematurely in patients with a type Il 
pattern. In the heterozygote the vascular complica- 
tions—namely, angina pectoris, acute myocardial in- 
farction, sudden death and probably also stroke and 
intermittent leg claudication—usually do not occur 
until adulthood, most commonly between the ages of 
40 to 55 years.!?-17 Likewise, xanthomas in the 
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FIGURE 7. Case 2. Coronary arteries at sites of maxi- 
mal narrowing: a, right; b, left main; c, left circumflex; 
d, left anterior descending coronary arteries, (Hema- 
toxylin-eosin stains; each X33, reduced by 49 per- 
cent.) 
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FIGURE 8. Case 11 (Table IA). Coronary arteries in a 
21 year old woman with a type II disorder but no 
symptoms of ischemic heart disease. She died sud- 
denly from severe aortic stenosis superimposed on a 
congenitally bicuspid aortic valve. a, right; b, left cir- 
cumflex; c, left anterior descending coronary arteries. 
(Movat stains; each X34, reduced by 40 percent.) 
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FIGURE 9. Case 22 (Table IC). Coronary arteries, at 
sites of maximal narrowing in a 65 year old man with 
a type IV disorder. He died suddenly without previous 
symptomatic evidence of ischemic heart disease. a, 
right; b, left main; c, left circumflex; d, left anterior 
descending coronary arteries. The luminal narrowing 
in 3 of the vessels is severe and due to various types 
of complicated atherosclerotic plaques. The area in 
brackets in d is a small platelet thrombus. (Movat 
stain [a], elastic-van Gieson stain [b], hematoxylin- 
eosin stain [c and d]; each X20, reduced by 58 per- 
cent.) 
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FIGURE 10. Case 24 (Table IC). Major coronary arteries at 
sites of maximal narrowing in a 28 year old woman with a type 
IV disorder and systemic lupus erythematosus. She never had 
symptoms of ischemic heart disease. a, right; b, left main; c, 
left circumflex; d, left anterior descending coronary arteries. The 
luminal narrowing is mainly by fibrous tissue but much intra- 
and extracellular lipid is present. (Hematoxylin-eosin stains; 
each X16, reduced by 25 percent.) 


heterozygote with type II pattern usually do not ap- 
pear until adulthood. Ischemic heart disease, by far 
the major vascular complication, occurs in both male 
and female heterozygotes at much higher rates than 
would be expected in the general population.!2-16 

All vascular complications seen in the heteroxy- 
gote with a type II pattern also occur in the homozy- 
gote with this pattern, but in the latter the compli- 
cations, as well as the xanthomas, occur at a much 
younger age, often before 10 years. Few homozygotes 
actually reach the fourth decade of life. The extens- 
iveness of the atherosclerosis in the homozygote with 
a type II disorder, as illustrated by Case 1 (Table I, 
Fig. 1 to 3), is usually striking, and many reports 
have described vascular death or disability in youth 
from atherosclerosis.4:18-32 The atherosclerotic 
plaquing in the homozygote appears to be particu- 
larly severe in the ascending aorta. Here the entire 
intimal surface is often involved, and frequently the 
ostia of the coronary arteries are considerably nar- 
rowed by the plaques. Atherosclerosis in adults, ex- 
cept when superimposed on syphilitic aortitis, is 
nearly always worse in the abdominal portion than 
in the ascending portion of the aorta. This usual dis- 
tribution appears to be reversed in the homozygote 
with a type II pattern, although the transverse, de- 





scending (b) and left circumflex (c) coronary arteries at sites of 
maximal narrowing in a 34 year old man who had symptoms of 
ischemic heart disease for 7 years and a normal lipoprotein pat- 
tern. He died suddenly. (Elastic tissue stains [a and d] and 
hematoxylin-eosin stain [b]; each X25, reduced by 30 percent.) 


scending thoracic and abdominal portions of the 
aorta, and even the major pulmonary arteries, also 
may contain considerable atherosclerotic plaquing. 
Narrowing of the coronary ostia in the type II 
homozygote may cause sudden death or acute myo- 
cardial infarction without much luminal narrowing 
of the coronary arteries themselves. Usually, how- 
ever, the amount of coronary luminal narrowing also 
is severe. 

A unique feature of the homozygote with a type II 
pattern, not found in the heterozygote with this pat- 
tern or in patients with other forms of hyperlipopro- 
teinemia, is the occurrence of a peculiar type of val- 
vular aortic stenosis.18-?9:32 The cusps are often 
thickened and relatively immobile, and histologic 
study has disclosed foam cells, cholesterol clefts and 
calcific deposits within the leaflets. The occurrence 
of intracellular lipid and cholesterol clefts within the 
cusps is distinctive and not seen in other forms of 
valvular aortic stenosis.33-86 Similar lesions in the 
aorta and aortic valve suggest that the origin of both 
is similar. The aortic valve in these patients may 
become quite stenotic. Stanley et al.2° described a 
peak systolic pressure gradient of 108 mm Hg be- 
tween the left ventricle and systemic artery in a 12 
year old girl with xanthomatosis and hypercholester- 
olemia. She underwent successful aortic valvulotomy 
and excision of many atherosclerotic plaques in the 
aortic root, particularly about the coronary ostia. In 
these patients, the considerable plaquing in the aor- 
tic root may cause obstruction just above the valve 
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FIGURE 12. Case 29 (Table ID). Right (a), 
left main (b), left circumflex (c) and left an- 
terior descending (d) coronary arteries, at 
sites of maximal narrowing, in a 42 year old 
man who had symptoms of ischemic heart 
disease for 7 years and a normal lipoprotein 
pattern. He died suddenly, (Elastic tissue 
stains [a, c, d] and hematoxylin-eosin stain 
[d]; each X25, reduced by 41 percent.) 


FIGURE 13. Unstained foam cells in bone 
marrow aspirate from a 35 year old man 
with a type | pattern are shown as seen by 
phase-contrast (a), Nomarski interference- 
contrast (b) and polarization (c) microscopy. 
These cells are large (up to 100u in diame- 
ter) and strongly birefringent. (Each X625, 
reduced by 46 percent.) 


(supravalvular) rather than at the valve itself.32 The 
aortic valvular stenosis observed in the homozygote 
patient with a type II pattern has been produced ex- 
perimentally in squirrel monkeys fed a high choles- 
terol diet which are offspring of parents shown to be 
hyperresponders to such a diet.37 The offspring were 
even more sensitive to dietary cholesterol than their 
parents, and their serum showed a type II pattern. 
Although yellow plaques occur on the mitral valve 
in nearly all persons over 10 years of age, the amount 
of plaquing on this valve appears to be decidedly in- 
creased in patients with a homozygous type II pat- 
tern. These plaques, which appear to occur initially 
on the ventricular surfaces of both leaflets, do not 
seem to cause valvular dysfunction. However, if 
these patients lived longer, the deposits underneath 
the posterior leaflet probably would lead to “‘calcifi- 
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FIGURE 14. Foam cell in bone marrow of a 39 year old man 
with type IIl disease. Unstained specimen, Nomarski interfer- 
ence-contrast microscopy. (X550, reduced by 36 percent.) 
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cation of the mitral annulus.” Foam cells also have 
been observed in mural endocardium of the left ven- 
tricular outflow tract of these patients.?3 

Type III: Although the prevalence of premature 
vascular disease in patients with a type IlI pattern 
unquestionably seems to be high,* the exact figure 
remains to be established. Of 51 patients with a type 
III pattern studied clinically by 2 of us,* 27 (53 per- 
cent) had a history or signs of ischemic heart disease 
and 49 percent had peripheral vascular disease, as 
indicated by decreased pulses in the femoral, popli- 
teal or smaller leg arteries. In the aggregate, more 
than 80 percent of the men and about 25 percent of 
the women under age 50 years with a type III pattern 
had evidence of vascular disease. Peripheral vascular 
disease appears to have a particularly high frequency 
in the type III disorder, and a history of intermittent 
claudication in a patient with hyperlipidemia should 
suggest this phenotype. Peripheral arterial blood 
flow in patients with a type III pattern has been 
demonstrated to increase, sometimes strikingly, after 
the blood lipid levels have been lowered by thera- 
py.38 Deposits of foam cells have been observed on 
left atrial endocardial tissue in the type III disorder. 
These superficial lipid deposits on the endocardium 
were reminiscent of the cutaneous xanthomas seen in 
the type III disorder, thereby leading to speculation 
as to whether such changes in the vascular system 
might respond as quickly and as completely to ther- 
apy as do the skin lesions. 

Type IV: Premature vascular disease also appears 
very probable in the type IV disorder but the risk 
cannot yet be estimated accurately. A history of an- 
gina pectoris or of acute myocardial infarction was 
present in 38 percent of 78 patients with a type IV 
pattern studied clinically by Fredrickson and Levy,‘ 
and of 54 questioned specifically, 17 percent had in- 





FIGURE 15. Same case. Electron micro- 
graph of foam cell. The cell contains large 
lipid droplets and ceroid deposits (C). 
(X 14,500, reduced by 25 percent.) 


termittent claudication of the legs. A type IV pattern 
is commonly found in patients with myocardial in- 
farction.*9 A combined metabolic and coronary angi- 
ographic study by the National Heart and Lung In- 
stitute and the Peter Bent Brigham Hospital dis- 
closed that 68 (54 percent) of 126 patients with isch- 
emic heart disease and angiographically demon- 
strated narrowed coronary arteries had an abnormal 
lipoprotein pattern.4°? Among the 126 patients with 
angiographically demonstrated narrowed coronary 
arteries, 36 had a type II and 32 a type IV pattern. 

Type V: Although nearly 50 patients with a famil- 
ial type V pattern have been studied clinically by 
us,* none have died. Morphologic cardiovascular 
data in other patients with a type V pattern also are 
lacking. This complex lipoprotein abnormality has 
only recently been separated from other examples of 
familial hyperlipemia. In retrospect, the patient re- 
ported by Martt and Connort? in 1956 may have had 
a type V disorder. Their patient died at age 39 years 
of a second acute myocardial infarction which was 
preceded by angina pectoris. At necropsy, each of 
the 3 major coronary arteries was severely narrowed 
by complicated plaques. Of 10 patients with “‘essen- 
tial hyperlipemia” (“chylomicrons and increased 
beta peak on lipoprotein electrophoresis”) studied 
clinically by Malmros et al.4? in 1954, 6 had angina 
pectoris, and 3 of these had had acute myocardial in- 
farcts. 

Foam cells in various lipoprotein types: Foam 
cells occur in the spleen, bone marrow, lymph nodes 
and liver of patients with hypertriglyceridemia. In 
our experience, they have been observed in hematox- 
ylin-eosin stained tissue sections only in patients 
with type I, III, and V and not in those with type II 
and IV patterns. This may be because triglyceride 
levels are usually higher in type I, III and V disor- 
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ders, but it may also be that chylomicrons provoke a 
greater foam cell reaction than very low-density lipo- 
proteins (VLDL) at a given triglyceride level. Hepa- 
tomegaly and splenomegaly may accompany exten- 
sive infiltration of organs by foam cells. 

The foam cells in type I, II and V patterns appear 
similar by examination of hematoxylin-eosin stained 
sections.** They are macrophages (as shown by their 
high content of acid phosphatase and esterase), and 
at least in types I and III they also contain ceroid 
(identified on the basis of its autofluorescence, acid- 
fastness, sudanophilia, positivity to periodic acid- 
Schiff and insolubility in organic solvents).43 The 


foam cells in type V seem to lack the birefringence 
seen in those in patients with type I and III disor- 
ders. 

Although macrophages in normal spleen, lymph 
node and bone marrow may contain autofluorescent 
granules, the large foam cells observed in type I, II 
and V hyperlipoproteinemia have not been observed 
in patients with a type II or IV disorder or in those 
with a normal lipoprotein pattern. However, a few 
scattered, small, weakly autofluorescent cells may be 
observed in these organs in patients with a type II or 
IV pattern and in those with a normal lipoprotein 
pattern. 
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Because individual attitude and behavioral patterns are strongly im- 
plicated in the causation and prevention of chronic disease, one 
must consider programs of behavioral change for adults, and pre- 
ventive programs for children to reduce chronic disease risk factors. 
According to the concept of multiple causes, changing behavior re- 
quires that one understand the sequence of steps leading to change: 
exposure, understanding, change of attitude and action. Ways of 
actualizing these steps for behavioral change in adults are discussed 
for both mass media and interpersonal communication, and special 
attention is given to the doctor-patient relationship. The assumption 
that behavior is more easily controlled in children than adults under- 
lies the emphasis on preventive approaches to health education. This 
assumption is analyzed with discussion of the lifetime stability of at- 
titudes and habits, the appropriateness of early habits for later life, 
the comparative value of teaching specific habits versus general 
concept of health, and the biological and social factors that create 
difficulties in communicating with children and produce motives 
counter to those required for sound health practices. It is concluded 
that prevention may be as difficult and complex as changing behav- 
ior in adults. Since all behavior is a product of ongoing processes, 
education for positive health practices is a lifelong task requiring 
equal attention to early and later education, and to environmental 
and individual factors. 


Sin, Sickness and Calamity 


The disease model: Throughout history men have regularly at- 
tributed plague, storm, fire and defeat in battle to acts and attitudes 
of avarice, sexual excess and pride. Only gradually did man find the 
cause of his ills in natural events and develop a scientific model of 
specific agents and causes of disease. Once this model won accep- 
tance it provided the rationale for years of intensive research, and 
the effort was justified by successes in locating specific agents, vec- 
tors, cures and preventive measures for many illnesses. 

But the model and its success in the control of infectious disease 
had an unexpected consequence: It made salient the problem of 
chronic disease. And to understand chronic disease, particularly ar- 
teriosclerosis, one must reverse the emphasis on single causal agents. 
One must think in terms of multiple causes and recognize that a va- 
riety of precipitating agents, including man’s behavior, may serve as 
precursors to disease. 

For the health professional committed to the elimination of illness 
and suffering, this reemphasis on behavior contains a strong direc- 
tive to change behavior that can initiate chronic disease and prema- 
ture death. Thus, intense effort must be expended to convince people 
to stop smoking, control their weight and the composition of their 
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diet, and lead sane and sensible lives. Unfortunately, 
this logic is likely to seem more indisputable to 
nonsmokers, tea drinkers and margarine eaters than 
to smokers, alcoholics and butter eaters. The idealist 
prefers the good to the bad and death to slavery, but 
many lesser mortals prefer the evils of enslavement 
to cigarettes, sex, whiskey and gluttony to the sacri- 
fice necessary for a long, healthy life. In psychologic 
parlance, there are rewards for smoking and eating 
unwisely, and a man may not wish to yield present 
pleasure for remote goals, especially when the man 
in question is only 18 and cannot imagine his death. 


Changing Behavior to Improve Health 

Many statements made about behavioral change 
are based upon assumptions that behavior has inter- 
nal causal agents and that change or elimination of 
these agents will result in behavioral change. This 
assumption is clearly reflected in phrases such as 
“changing attitudes and habits,” and “inoculating 
young people against the influence of peers.” But 
one has not explained something simply because one 
has labeled it. A person helping another is said to be 
kind, but the label “kind” is simply a description of 
his behavior and does not indicate the conditions for 
its occurrence. Thus, labeling focuses attention upon 
behavior rather than upon the environmental condi- 
tions that determine behavior, and to change behav- 
ior one must attend to these conditions. 

Steps to change: Many factors or steps are in- 
volved in the process of stopping or changing behav- 
ior. There is a difference between receiving, under- 
standing and memorizing information and having 
that information change one’s evaluations and de- 
sires. People are told that smoking causes cancer, 
that consuming butter and animal fats leads to cho- 
lesterol deposits and cardiac disease; and they hear, 
understand and remember. But they do not neces- 
sarily believe that cigarettes are dangerous, nor do 
they taste the danger in the butter. Failure to recog- 
nize the multiplicity of steps needed to alter an 
attitudinal-behavioral system undoubtedly causes 
the failure of many campaigns to change behavior. It 
is only after repeated failures that one adopts a 
naturalistic, pragmatic and realistic stance toward a 
problem and examines the specific steps or condi- 
tions for change. 

Alternative routes to change: Perceiving multi- 
ple steps for change is a significant advance over at- 
tributing behavior to a single internal entity. It par- 
allels the advance achieved by disease theory when it 
distinguished between the external .vectors and the 
sequence of internal changes produced by contact 
with the disease agent. But the analogy between be- 
havior and infectious disease appears to omit critical 
considerations that are included in the analogy be- 
tween behavior and chronic disease. Chronic disease 
has multiple antecedents; and each antecedent has a 
complex path involving a vector, a means of entry 
into the system and a detailed mechanism for af- 
fecting bodily processes. Behavior also has multiple 
antecedents; and each antecedent has a complex 


path involving a stimulus, a receptor system, an in- 
terpretive mechanism and a link to overt action. 
Therefore, any single action may have different de- 
terminants in different persons, and different deter- 
minants in the same person at different times. A cig- 
arette smoker may smoke for taste, to reduce anxie- 
ty, to generate a sophisticated image, to give himself 
a stimulant or for all of these reasons combined. It 
may be as difficult to change behavior as it is to cure 
or prevent chronic illnesses, but ignoring the com- 
plexity may make change impossible. 

By concentrating on attitudes and beliefs, one may 
fail to consider other important determinants of be- 
havior. There are, for example, situations in which 
people are far more obedient and conforming than 
one might anticipate. Milgram! has shown that in 
certain situations, people follow orders even when 
they believe their actions might cause permanent 
harm to another. They do not do so because they are 
angry or because they want to hurt the other person; 
they do it because they are told to. 

By ignoring obedience and conformity in favor of 
the modification of attitudes and habits, one chooses 
an approach that favors long-term education and 
persuasion over approaches that favor situationally 
induced coercion. Some may believe that it is foolish 
to ignore such powerful incentives for change as obe- 
dience and conformity. Perhaps the best way to mo- 
tivate smokers to stop smoking is to double or treble 
their life and health insurance premiums, or to deny 
them payment for ailments induced by smoking. Or 
perhaps the cigarette factories should be shut down. 
The choice of education, discussion and argument 
over coercion is made because of philosophical beliefs 
and political realities. But it is a choice that may set 
basic limits on effectiveness since it requires that 
each man’s cost-reward matrix be established and 
that he be convinced that the entries favor, for ex- 
ample, his not smoking or overeating. Thus, ‘the de- 
cision to avoid coercion does not free one of the obli- 
gation to state facts, warn and argue skillfully. 


Changing Adult Behavior 

What steps must be included in a program if it is 
to succeed in influencing adults to lead healthier 
lives? If our facts are right, and smoking is a cause of 
cancer and heart disease, it should be possible to 
convert about 90 to 95 percent of adults to nonsmok- 
ing status, and to do as well in thinning the obese 
and reforming careless drivers. However, the avail- 
able data do not suggest that such high rates of in- 
fluence are possible. For example, few programs re- 
port success in reducing or stopping smoking for 
more than 50 percent of participants?-4; and many 
smokers resume the habit a few weeks after stop- 
ping. To illustrate what steps might be needed for 
change and how these steps might be determined, I 
shall describe some experiments conducted in our 
laboratory. 

A paradigm for influence: We have used movies, 
slide shows, booklets and other means to convince 
people that it is important to stop smoking and un- 
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dergo chest X-ray examinations,56 take tetanus 
inoculations, ‘~® take care while driving!° and engage 
in a systematic program of dental care.!!.12 In each 
study much effort went into developing the commu- 
nications medium. The first goal was to create a mo- 
tive for avoiding danger and was carried out in 2 
steps: First, we attempted to present a clear image of 
the threat with words and pictures, and to develop a 
logical and visually compelling case for the causal 
link between various actions and the danger. The 
second step was to make the threat personal by 
making frequent direct references to the recipient 
(“you are vulnerable”) and by selecting examples 
of danger from the person’s own life situation. 

But a motive for avoiding danger is not sufficient 
to cause a specific action. The next goal was to build 
a structure for action.!? Two steps were taken to ac- 
complish this: (1) specification of the protective re- 
sponse and a clear statement of its value, and (2) an 
exact specification of when, where and how to take 
action. The structure for action serves as a link be- 
tween a person’s attitudes and behavior by defining 
specific environmental cues for action and specific 
responses to be made to these cues. Instructions for 
action are more involved for complex behavior such 
as smoking and eating. For example, to stop smoking 
one may need to learn how to decline a cigarette 
gracefully, avoid buying cigarettes and use substitute 
responses for tension reduction. 

In a typical study we investigated the effects of 
two or more of these variables by designing commu- 
nications in which some factors were held constant 
while others were systematically varied. For exam- 
ple, messages differed in their level of threat; strong 
messages used pictorial and verbal description of the 
consequences and treatment of tetanus; mild messa- 
ges used little of this material. To vary instructions 
for action we prepared messages both with and with- 
out detailed instructions on how to schedule a teta- 
nus shot. We then combined the two types of mes- 
sage to provide communications with a high and low 
level of threat both with and without specific in- 
structions. Control messages were also used to see 
whether some part of the message, for example, the 
instructions for action, was by itself sufficient to 
change attitudes and to induce action. 

Once our experiment was designed, we recruited 
and assigned subjects at random to the different 
communications. After the message was presented, 
the subject completed a questionnaire on his atti- 
tude toward the danger, feeling of vulnerability, atti- 
tude toward the protective measures and intentions 
to act. Whenever possible we also recorded behavior. 
For example, we obtained lists of students taking 
tetanus shots at a university health service,? sup- 
plied inoculations directly to our subjects,? checked 
on whether the subject underwent X-ray examina- 
tions at a public booth,® and phoned subjects to ask 
about their current level of cigarette consumption.® 
In those instances in which we checked verbal re- 
ports of behavior against actual behavior, we found 


fairly good correspondence.®:14 Unless there was 
some compelling motive to do otherwise, most people 
were reasonably accurate in reporting their recent 
health and smoking practice. 

The important features of our findings can be 
summarized as follows: First, vivid descriptions of 
danger produce stronger beliefs in the seriousness of 
the danger, more favorable responses toward the pro- 
tective action and stronger intentions to act. At one 
point early in our program I thought that the fear 
aroused by this information provided the motive for 
attitude change.!° But I soon began to doubt that 
the increase in favorable response was actually 
caused by the subjective feeling of fear, since the 
data suggested that the true source of motivation 
was the information or knowledge conveyed about 
the threat.4:13.16 For example, a movie of experimen- 
tally controlled car crashes may arouse fear, but it 
also depicts the forces involved in automobile colli- 
sions; it is virtually impossible simply to imagine 
these forces unless one has a very excellent grasp of 
mechanics and the relative strengths of metals, flesh 
and bone. 

This point is extremely important. It suggests that 
shock materials that stimulate fear will not necessar- 
ily lead to persuasion. If the materials fail to present 
an accurate and convincing representation of the ac- 
tual danger, its cause and prevention, they can scare 
an audience without persuading it. Indeed, irrelevant 
threats, biased data and the like may strengthen 
criticism of the message.’ +17 

Second, we found that messages that achieved our 
first goal, a change in attitude, did not necessarily 
change behavior. A meaningful plan for action was 
necessary to move from attitude to action; thus, both 
a message of threat and instructions for action 
proved necessary for taking tetanus shots,?:18 or for 
reducing or stopping smoking. Taken alone, the 
message, the recognition of danger or the instruc- 
tions for action did not affect behavior. 

Third, there are limitations in the use of very 
strong messages of danger. Messages conveying a 
strong threat showed no advantage over weak messa- 
ges when combined with instructions for action; be- 
havioral compliance was virtually identical with ei- 
ther combination. We also observed certain effects 
that contraindicate the use of strong threats: Strong 
threats may inhibit change when the message is 
highly personal, that is, when it emphasizes the vul- 
nerability of the individual subject, or when the 
subject is low in self-esteem. It appears that a strong 
threat that enhances felt vulnerability may lead peo- 
ple both to accept the seriousness of their situation 
and to believe that they cannot act protectively. In- 
deed, they seem to lose hope and to believe they will 
be harmed regardless of what they do.19 Persons 
with low self-esteem often show similar loss of hope, 
or temporary inhibition of action, although they may 
muster the courage to act once their fear has dissi- 


‘pated. These maladaptive inhibitions can some- 


times be overcome by efforts to bolster the subject’s 
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felt competency before his exposure to threat.2° 
Problems like these need further research. 

Summary of the steps for change: The 2 goals of 
the communication are (1) to create a motive or de- 
cision to change, and (2) to build an action structure 
to link attitudes to behavior. Creating the motive to 
avoid danger requires clear information on the 
threat, the harm it will cause and the link between 
the threat and a person’s action (smoking, for exam- 
ple). Creation of an action structure requires a rec- 
ommendation for action and the detailed spelling out 
of steps for behavior. Thus, once a person is motivated 
to reduce his intake of saturated fats, he must be 
told which foods to avoid and be given a clear way to 
identify them. Problems of action structure can be 
solved only by a detailed analysis of the specific be- 
havior problem and not by recourse to ready-made 
messages from an experiment on another health 
topic. Moreover, different instructions for action may 
be needed in different population groups; it is essen- 
tial to identify important factors in the environment 
of each target group. 


Behavioral Change in the Real World 


If the mass media were used regularly to broadcast 
messages directed to each step in the process of 
change, I think we could expect some inroads for 
issues such as smoking reduction and safe driving. 
But even under ideal conditions, programs directed 
to behavioral change would be far less effective than 
comparably well thought out laboratory programs. 
Why is this so? 

A communication model: When the health edu- 
cator moves from the laboratory to the outside world 
his messages lose impact; rather than influencing 
half the audience, they affect 2, 3, or, if he is excep- 
tionally lucky, 10 percent of the population. To un- 
derstand why there is such a sharp drop in the pro- 
portion of people affected, one must recognize the 
many problems that arise when a communicator 
creates a message and sends this message over a par- 
ticular channel to reach a specific audience. This de- 
scriptive communication model (communicator, 
message, channel, audience) will be of help in de- 
tecting differences between the laboratory and real 
world. 

1. Exposure to the message: Hovland?! suggested 
that exposure to the message is the factor most re- 
sponsible for differences in rates of persuasion be- 
tween communication programs in the laboratory 
and in the field. The subject in the laboratory study 
is told to attend to a particular medium or channel 
—a movie screen, booklet or tape-recorded message 
—and is systematically exposed to the message with 
distractions held to a minimum. To turn off or ig- 
nore the message, the subject must violate the au- 
thority of the experimenter. Contrast this with a 
mass communication campaign broadcast over an 
educational television network. Exposure depends 
upon the number of people watching the network 
channel at that particular time, and the willingness 


of those viewers to remain tuned in to a health pro- 
gram. Even if the viewer does not turn off the set, 
there is no assurance that he will view the program; 
he may leave the room or fall asleep in his chair. 
And if he does listen one cannot be sure that he will 
satisfy all the requirements for behavioral change: 
(1) comprehension; (2) belief that he faces a serious 
health threat that is relevant to him; and (3) accep- 
tance of the recommendations and planning to exe- 
cute them. 

Furthermore, one tends to evaluate the success of 
a mass media campaign by evaluating its effect on 
the population at large. There is a common illusion 
that the media affect a large (80 percent or more) 
proportion of the population; why else would corpo- 
rations and politicians spend billions on advertising? 
But corporate and political advertising have more 
limited objectives. A presidential candidate can win 
office by swaying 2 to 3 percent of the voters, and a 
corporation such as General Motors can gross hun- 
dreds of millions by influencing 2 to 3 percent of car 
buyers. Thus, the criterion for success of the commer- 
cial advertiser is far different from that of the health 
professional who is dissatisfied with anything less 
than a 100 percent return. In addition, the commer- 
cial advertiser is attempting a far less complex task; 
in most instances he wants to influence the brand 
people purchase; he does not attempt to get people 
to make a purchase in the first place. 

2. Expectations of message content: The viewing 
public also has specific expectations as to what it 
wants to see in the media.??-23 Most viewers want 
entertainment. Thus, when educational or public 
broadcasting networks restrict their scheduling to 
“educational” or “cultural” programs, their viewers 
tend to be well educated, upwardly mobile, finan- 
cially secure persons interested in arts, cultural 
events and self-improvement through education. But 
when good sports programs were shown on educa- 
tional television, as in Pittsburgh, then the regular 
viewers of educational television included 46 percent 
of the male television viewers who had not com- 
pleted high school. Clearly, people select what inter- 
ests them and what they feel they want to see in a 
particular medium. Because people quickly learn to 
expect that specific stations will satisfy their inter- 
ests, there is no reason to believe that a health 
broadcast shown on commercial television would 
meet people’s expectations and hold an audience. 

3. Reaching the informed: Since interests deter- 
mine exposure, and knowledge accompanies inter- 
ests, persons who expose themselves to information 
in any field are usually well informed and have clear 
opinions on the issues. This is one reason why the 
mass media show a very low rate of conversion and 
why health education programs may fail to reach 
those who need them most. 

4. A note on pretesting: Current practices in the 
use of media often fall dismally short of the ideal. 
This is because many state and private health orga- 
nizations distribute educational materials without 
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testing them for understandability or examining the 
conclusions that people draw from them. Usually a 
panel of “experts” is asked to assess whether the 
message is “good,” that is, scientifically accurate. 
But an expert cannot tell one how the message will 
be understood; people see the “same” message but 
draw different conclusions from what they see.?4>25 
The typical audience is mixed, and what may inter- 
est and instruct one segment may confuse or misin- 
form another. There is no substitute, therefore, for 
pretesting. Those who omit this step, and many do, 
waste or risk the waste, of their mass educational ef- 
forts. 

What can mass media do?: On some issues, usu- 
ally those low in importance and irrelevant to group 
norms and values, media can direct opinion. For ex- 
ample, Himmelweit et al.2® found that British 
Broadcasting Corporation broadcasts influenced 
children’s attitudes toward little known countries, 
but had minor effect on attitudes toward well known 
countries. Second, the media seem to have greater 
impact on media users who feel isolated from the 
rest of society. Third, the media may influence peo- 
ple who are ready to change their beliefs and prac- 
tices for other reasons.” Fourth, media reinforce ex- 
isting opinions?‘:?8; Democrats and Republicans be- 
come more committed to their chosen side through 
their party’s propaganda. A similar reinforcement 
effect may occur for the antismoking beliefs and 
practice of former smokers or nonsmokers. Finally, 
media may have long-term effects by establishing 
behavioral norms, for example, by showing that it is 
acceptable for women to smoke, and by preparing 
people to respond to other forms of influence. Cover- 
age of the Surgeon General’s report by the media 
may have prepared some smokers for more direct in- 
fluence by his spouse or doctor. 

Media could also provide information for those 
seeking advice on how to change their behavior (al- 
though the numbers would often be small) and in 
some instances (for example, exercise and diet 
shows) could even serve as the therapeutic agent for 
change. Unfortunately, not enough is known about 
exposure and communication effectiveness in these 
areas; and even less is known about the effects of 
long-term repeated exposure. But while it is clear 
that mass media do not provide the solution to the 
problem of changing health behavior, much can be 
done to improve their possible contribution. 


Interpersonal Influence and Behavioral Change 


Early studies of the impact of radio and television 
upon voting behavior?9-*! suggested that mass media 
changed beliefs and behavior by changing the beliefs 
and behavior of so-called opinion leaders who then 
influenced the opinions and behavior of followers. 
Subsequent studies have shown this to be a gross 
oversimplification. First, there are often many 
sources of personal influence between exposure to a 
new idea and its adoption. For example, mass media 
may inform an entire community of an agricultural 


innovation, and subsequent contact between agricul- 
tural agents and farmers may lead a few to adopt the 
new procedure. But the majority of the community 
will wait to observe the success of the innovation 
before moving toward adoption. 

The “opinion” followers are not merely passive re- 
cipients of influence; more often than not they ac- 
tively seek information from the ‘‘leaders.”’ Followers 
are also not necessarily of lower status than their 
source. In summary, the number and types of steps 
vary with the innovation, and influence is a process 
of active interchange rather than one of passive ac- 
ceptance.? 

Although the opinion leader hypothesis may require 
further modification, its basic assumption remains 
uncontested: Interpersonal influence is the major 
factor shaping beliefs and behavior. Why should per- 
sonal contact be superior to the media? I will list 6 
reasons: First, direct confrontation with a com- 
municator—his smiles, expressions, and so on—pro- 
vides rewards for agreement. Second, the commu- 
nicator’s presence is likely to assure attention to his 
message, and a skilled communicator can tell if the 
listener is receiving his message and make sure that 
he is heard. Third, the communicator can insure 
comprehension by asking questions and observing 
where understanding is faulty or conclusions incor- 
rect. He can then explain again and in modified form 
until the information is understood. 

A fourth advantage of face to face communication 
is the communicator’s ability to probe and discover 
resistance to change; he can identify counterargu- 
ments and excuses and skillfully disprove them. 
Fifth, the communicator can make clear that some- 
one like the listener shares the belief.°2 Sixth, the 
interpersonal situation permits mutual monitoring. 
As a consequence, the recipient may believe that his 
later behavior is open to surveillance, and this may 
lead to anticipation of anxiety or embarrassment if 
he neglects to take action. Moreover, the persuasive 
impact of a message can also be enhanced if the re- 
cipient can monitor the source and see that he fol- 
lows his own recommendation; for example, my doc- 
tor told me to stop smoking and I can see he believes 
his own advice since he is a nonsmoker. The studies 
of innovation suggest that mutual monitoring is an 
important condition for exchange of information and 
successful influence. 

The physician as a communicator: Some few 
medical practitioners may view themselves exclu- 
sively as manipulators of test tubes, microbes and 
physiologic processes. This technical self-image is a 
reasonably complete view of medical practice in 
those instances in which the patient is inert; for ex- 
ample, when he is anesthetized for an operation, or 
when his blood tests. and X-ray films are under in- 
spection. But when the physician is trying to obtain 
a systematic history and a description of symptoms, 
explain postoperative routines and avoid anxiety in- 
duced by anesthesia, prescribe procedure for home 
medication and personal hygiene, or propose impor- 
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tant dietary changes, he is acting to alter the atti- 
tudes and behavior of his patient. Indeed, the steps 
for change in the practice setting involve many of 
the very same factors seen in our communication 
studies. For example, in prescribing medication, the 
physician has 2 aims: (1) to establish his goal as the 
patient’s goal (“You need to take these pills till all 
the bugs are killed [the doctor’s goal] and that takes 
longer than to get rid of the pain and symptoms” 
[the patient’s goal]); and (2) to develop explicit in- 
structions for action to reach the goal (“Take a pill 
right before each meal, in the morning, at noon, in 
the evening”). 

Powerful aids to influence exist in the doctor-pa- 
tient relationship. Perhaps most important, the doc- 
tor is an expert on a particular patient’s condition, 
and can present information that is directly relevant 
to him. And it is hard to think of a better moment to 
establish a motive for changing behavior than that 
time when the patient is awaiting diagnosis and in- 
structions for treatment. 

Of course, as our fear communication studies also 
suggested, some people resist threatening informa- 
tion that is directly relevant to them. This resistance 
has been shown in studies in which smokers, acting 
the part of patients,?* were told they might have 
lung cancer. But findings have been inconsistent in 
this area,** pointing to the need for more research on 
interpersonal communication in the treatment set- 
ting. 

Since a motive for change is not enough to modify 
behavior, the physician must also provide assistance 
for instructions to act for behavioral change. Assis- 
tance should not be equated with psychotherapy; the 
aim is not to change personality but to provide spe- 
cific instructions needed to control behavior in spe- 
cific day to day situations. The patient needs help in 
developing independent control of his behavior, for 
when behavior change is seen as success in self-con- 
trol, it is more likely to last.*° 


Should Persuasion Work? 


Our models of the processes of communication and 
behavioral change can greatly enhance our effective- 
ness as communicators. But in focusing on the 
change process, a therapeutic orientation, we have 
given insufficient attention to 2 major barriers to 
change. 

Abstract versus concrete rewards: Let us con- 
trast for a moment the factors creating motivation 
for change and the factors that support 2 types of 
problem behavior, smoking and overeating. Health 
appeals are based upon the motives to protect one- 
self against future danger, avoid disturbing emotion, 
and increase enjoyment of a wide range of social, 
physical and intellectual activities. Also working to 
motivate change is the sense of accomplishment that 
comes from success in translating beliefs into action. 
But most of these factors are future-oriented; they 
are abstract ideas rather than concrete and immedi- 
ate rewards. Overeating and smoking do not by 


themselves give rise to a reaction of aversion or feel- 
ing of threat; one must remember to refrain from 
them to be conditioned to respond with automatic 
aversion. By contrast, the cues sustaining these 
harmful acts are very immediate and persistent. 
Many of us eat because changes in body chemistry 
give rise to stomach or duodenal contractions that 
generate hunger.’ The eating behavior of obese peo- 
ple, who could most benefit by self-restraint, appears 
to be prompted by external cues such as taste,37 
time®® and the act of eating itself.29 Neither the in- 
ternal nor the external cues that stimulate hunger 
and eating are remote and abstract.*° It would ap- 
pear, therefore, that the process of change involves 
an unequal contest since one is pitting an easily for- 
gotten, symbolic, future-oriented goal against the 
immediate and compelling cues of stomach contrac- 
tions, odors, flavors and the sights and sounds that 
signal the delights of eating. 

The motive to stop smoking also involves symbol- 
ic, remote danger, and an action plan mechanism 
produced and maintained by preprogrammed in- 
structions and pride in accomplishment. Smoking it- 
self, however, is sustained by concrete immediate re- 
wards, such as taste, anxiety reduction, stimulation 
and a sense of social belonging.*! Symbolic, future- 
oriented motives can overcome these more concrete 
forces only with difficulty. 

It seems reasonable to assume, although it has not 
yet been demonstrated, that successful therapy must 
consider the actual motive for the behavior. One ex- 
ample of misguided therapy is the diet aid that acts 
as a stomach filler; it fails because obese persons ig- 
nore their stomach contractions.42 Thus, there is a 
need to develop procedures for change that can 
counter each of the specific motives involved in 
smoking and eating. 

Credibility of the agent of change: Attempts: to 
influence work only when the source is credible; the 
agent of change must be expert and appear unbiased 
in his presentation. The credibility of a health pro- 
fessional may be seriously undermined when the ac- 
tions he recommends appear ineffective. Uncle Mike, 
who stopped eating butter, jogged a mile a day and 
dropped dead of a coronary attack, is vivid “proof” 
that the doctor was wrong. Because illness can strike 
regardless of the protective steps taken, one must 
prepare people to interpret such events properly. It is 
clear that the concept of multiple causes must be 
driven home. Failure to do so can discredit all of our 
messages. 

Another danger to credibility is change in the 
communicator’s recommendations. When it is dis- 
covered that some people metabolize cholesterol 
from starches, even the motivated person may be 
shaken about the value of following what is currently 
viewed as a healthy diet. To protect credibility, some 
medical people urge that nothing be said until the 
case against a food or practice is virtually 100 per- 
cent clear. There are 3 disadvantages to this ap- 
proach: (1) people may injure themselves while one 
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sits in silence, (2) a scientist is seldom 100 percent 
certain of anything, and new theories change old 
“facts,” and (3) silence may be seen as a sign of ti- 
midity, bias or stupidity. A clear statement of what 
is known, with intelligent consideration to the limi- 
tations of the evidence, is still the best protector of 
credibility. 


The Preventive Approach in Children 


An ounce of prevention is said to be worth a pound 
of cure. Is it easier, however, to prevent unhealthy 
habits from developing in children than to change 
these habits in adults? For smoking, the answer may 
be “Yes,” since with time smoking can be attached 
to a greater number of satisfactions and become psy- 
chologically addictive. But it may be no more diffi- 
cult to stop eating like a glutton than to avoid start- 
ing. 


Critical Assumptions 


There are 3 questionable assumptions that under- 
lie the suggestion that preventive training for chil- 
dren is preferable to attempting change in adults: (1) 
children are pure and open to positive influence; (2) 
young people easily acquire attitude and habit pat- 
terns; and (3) “good” attitude and habit patterns 
formed in childhood will last a lifetime. We need to 
examine these beliefs in some detail. 

Are children more pure and readily influenced 
than adults?: Many Americans seem to believe that 
political, economic, intellectual and moral salvation 
lies in the hands of youth; 17 years as a parent and 
teacher at major universities have disabused me of 
this notion. I do not know if it is the spontaneous in- 
nocence of youth or their smaller size that makes 
them seem more virtuous and more open to learning 
the “right” things than the “wrong” ones. But there 
is no evidence that children are more likely than 
adults to learn, believe and do what is good for 
health. In teaching the child, one faces the same 
problems met in teaching the adult—exposure, un- 
derstanding, believing, and converting belief into ac- 
tion; and these problems are compounded by differ- 
ences in the intellectual development and interests of 
the young. 

Is early learning more efficient than later 
learning?: Although it is true that health attitudes 
are learned, the process of teaching is not necessarily 
simpler in the child than in the adult. In becoming 
an.adult, the child goes through a variety of physical 
and intellectual changes, and he may understand 
problems in different ways at different ages. His con- 
cepts of self, morality, life, death and physical reality 
change with intellectual maturity. These changes 
create problems not only in teaching, but also in the 
way learning carries over to later years. 

For example, if I show a 4 or 5 year old 2 identical 
glasses filled to the same level with milk, and ask 
him if each glass has the same amount in it, he will 
answer, “Yes.” But if I then pour the milk from one 
of the glasses into a very tall and narrow glass and 


ask if the amount in the tall glass is still the same as 
that in its companion, he will say, “No.” He won’t 
distinguish the height of the column from the quan- 
tity of milk. Of course, if I repeat this over and over 
to instruct him that they are the same, with time he 
may come to say, “Yes.” But has he learned that 
pouring the milk into a container of different shape 
has no effect on its quantity? Probably not, because 
when I pour the milk from one glass into a washtub 
he will nearly be certain to say there is more milk in 
the remaining glass because the tub is virtually 
empty. In short, although he learned to say “Yes” in 
a specific situation, he did not learn the concept of 
quantity.42 General concepts and attitudes are im- 
portant since they aid transfer of skills from old to 
new situations. 

This example may have many parallels in the 
learning of health attitudes and habits. Youngsters 
may learn to brush their teeth and do so for the rest 
of their lives without learning any general concept of 
self-protection against health hazards; they may 
even brush after meals while continuing between- 
meal snacks. They may acquire these habits by in- 
struction, imitation and direct practice; but, as in 
the example of the concept of quantity, we cannot be 
certain that the child is learning a general concept 
simply because he is performing a response. Indeed, 
the child may even learn concepts one did not intend 
to teach; for example, when daddy hits his child for 
bad behavior he may teach the child that one can 
use force on people smaller than oneself.4* We also 
put far more stress than warranted upon teachers 
serving as models for children. Although it has been 
repeatedly demonstrated that children copy the be- 
havior of adults, it is often overlooked that they copy 
the action of adults who hold power and dispense re- 
wards, and ignore the behavior of others who are less 
powerful. It is not clear that teachers are seen as 
having power; the teacher has little or no actual con- 
trol in most situations where the student and his 
peers and parents operate. 

Overemphasis upon the learning of specific habits 
may also lead one to ignore the biologic and cultural 
context for many behavior patterns relevant to 
health. Innate biological factors may affect taste or 
responses to inner signals of hunger; and the weight 
control program that ignores the differences in the 
type of signals that elicit eating will come to grief. 
Biologically and culturally induced differences in in- 
telligence and temperament may affect the ability to 
conceptualize remote rewards and dangers.*® Finally, 
low income, poor education, an unstable home and 
membership in a minority group marked as inferior 
can create a self-concept marked by conflict, frustra- 
tion and perceived helplessness in changing one’s 
condition.*®:47 In summary, a wide range of factors, 
both biological and social, may work against the ac- 
quisition of a general set toward assertive, preventive 
and protective health action. 

Are health habits stable over time? There are 2 
aspects to this question. The first concerns whether a 
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particular pattern of health behavior, such as rigor- 
ous exercise, is appropriate protection against chron- 
ic disease at all ages. In many instances what is good 
for the child is not good for the adult; and as re- 
search brings other principles into light, new habit 
patterns may seem desirable. Thus, one must strive 
to teach general principles that prepare a person to 
handle the changing needs of life. 

The second aspect is whether the behavior will be 
consistent across situations and over time. Years of 
research in personality and social psychology suggest 
that of the many behavioral characteristics, only 
2—activity level and intelligence—show any high de- 
gree of consistency over lengthy spans of time.45.48 
There are many reasons why behavioral traits may 
seem unstable. One possibility is that different sur- 
face responses reflect the same underlying factor. For 
example, bright children are usually more advanced 
and aggressive at age 2 years and more restrained 
and inhibited at age 7.49 A second possibility is that 
changes in conceptual structure, such as those dis- 
cussed earlier, may result in important changes in 
overt behavior. A third possibility is that marked 
changes occur in motivation because of intellectual, 
sexual and physical maturation. As one gets older 
there are changes in the groups one lives in, and with 
which one identifies, and alterations in the man- 
made physical and social environment itself. 

The smoking epidemic in teenagers is a function of 
many of these influences. Studies®®:5! show that the 
peer group is the most influential factor in initiating 
smoking in teenagers. The influence of the peer 
group is undoubtedly related to sexual maturation, 
which brings an obvious and sharp change in interest 
from peers of the same sex to those of the opposite 
sex; these changes are seen in monkeys raised as so- 
cial isolates, thus suggesting they have an innate 
maturational base.°? It is also clear that a host of so- 
cial and normative factors regulate modes of behav- 
ior in both within-sex and cross-sex interaction. 
Given the biological and social factors that support 
these adolescent changes, there is reason to doubt 
that negative attitudes toward smoking in children 
have any relationship to resisting smoking at adoles- 
cence; it is easy to dislike the smell and appearance 
of cigarettes at age 8 years, and just as easy to think 
that one looks sophisticated with a cigarette at 16. 
Although more successful, self-confident, and 
achievement-oriented children are somewhat less 
likely than others to smoke, it is doubtful that these 
general attitudes are acquired in health education 
programs. Moreover, since 80 to 90 percent or more 
of teenagers smoke or experiment with smoking, not 
succumbing to the habit is often related to acciden- 
tal factors such as having friends who don’t smoke or 
being an athlete. | 

This analysis points to a possible unanticipated 
advantage of early training in very specific health 
habits that will not conflict with new emerging inter- 
ests and desires. For example, a ritualistic annual 
medical examination might survive many changes in 


life condition. And, since many beliefs stem from be- 
havior,°*-°4 one should not discount the possibility 
that these acts will eventually help persuade a per- 
son that he believes in healthful living. In this in- 
stance, the annual examination also provides the op- 
portunity for continuing health education. 

I think it fair to summarize by saying that the pro- 
cess of prevention, worthy though it may be, is at 
least as complex as the process of changing adult be- 
havior. This does not mean that early education 
should be ignored, but it does imply that health edu- 
cation in childhood is no substitute for continuing 
health education at later ages. It is also clear that 
more data and more rigorous theory are needed to 
guide the development of programs that will be suc- 
cessful for both long- and short-term change, and for 
the development of general as well as specific health 
attitudes and practices. 


A Constructivist View of Behavior 


The concepts and data I have covered make clear 
that the process of behavioral influence is complex. 
In my view, which is a constructivist one, all behav- 
ior is seen as a product of ongoing process rather 
than as a reflection of fixed internal entities. In this 
world of flux it is likely that our attitudes are more 
stable than our feelings but less stable than our 
bones. The constructivist views life as a continuing 
process of opening and resolving problems, a process 
of interactions between situational demands and his- 
torical factors and between learned and innate fac- 
tors. He sees health education as a continuing activi- 
ty and recognizes that one cannot substitute early 
preventive training for later education, nor expect 
later education to be highly effective in the absence 
of early training. And because these constructive 
processes may produce different outcomes in differ- 
ent settings, it should also be clear that a cookbook 
of do’s and don’ts is no substitute for understanding; 
a theoretical model is needed to guide what is said 
and done to change the processes that generate atti- 
tudes and behavior. 


Conclusion 


_ In the multiplicity of diseases that presently go by 
the term “arteriosclerosis,” there are undoubtedly 
many different etiologic agents; as well as clusters 
and interactions of such agents, that increase the 
probability of disease. However, one fact stands out 
clearly: All of the presently known risk factors for 
coronary heart disease have significant behavioral 
and habit pattern components. It is therefore unlike- 
ly that preventive measures will be successful if 
these behavioral aspects are ignored. Recognition of 
the importance of this facet of chronic disease is the 
first essential step in its prevention and treatment. 
The second step is the acknowledgment by physi- 
cians and psychologists alike that one can formulate 
and test hypotheses relevant to health beliefs and 
practices. The evidence developed in psychological 
experiments is essentially no different from that de- 
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veloped by chemical or physical experimentation on 
biological processes. Spurious effects can and do 
affect both. Perhaps psychological studies are more 
easily affected by extraneous variables, or perhaps 
many of us are less skilled at identifying these ex- 
traneous influences in psychological data. But this 
only means that such studies require more critical 
examination, not that they are incapable of demon- 
strating antecedent, consequent relationships. 

The third step is the recognition that research and 
theoretical understanding are intimately linked to 
innovation in practice. While innovation based upon 
theory and research may proceed more slowly than 
change based solely upon private intuition and 
hunches, innovation without theoretical research and 
program evaluation can commit money and effort to 
inadequate programs that may even increase resis- 
tance to meaningful educational efforts. 

Finally, because the problem of chronic diseases 
such as arteriosclerosis is so great, attention must be 
given, even in the absence of a sound theoretical 


base, to the educational opportunities intrinsic in 
medical practice. To achieve this will also require 
cooperation between psychologists and physicians. 
But the need for cooperation should not preclude 
needed research. As medical research needs change 
with time and developing knowledge, the methods of 
attacking the problems must also change. The stakes 
are too high for these research needs to go unmet 
since it may well be that without effective attitude 
and behavioral change, prevention and treatment of 
chronic diseases such as arteriosclerosis are not pos- 
sible. 
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The nutritional requirements for fat, cholesterol and essential fatty 
acids in both infants and older children are described, and the bene- 
fits and possible risks of alteration of the dietary fat intake of chil- 
dren are discussed. The significance of genetic factors, that is, the 
role of familial type II hyperlipoproteinemia in the genesis of hyper- 
cholesterolemia and arterial disease as opposed to dietary factors, is 
emphasized. Since the benefits of large scale dietary alterations are 
unproved and the risks unknown, screening and prospective treat- 
ment of the estimated 5 to 7 percent of persons at risk is advocated 
rather than tampering with the diet of all American children. 


Dietary alteration for the entire population of the United States, in- 
cluding infants, children, adolescents and lactating mothers, has re- 
cently been proposed by the Inter-Society Commission on Heart Dis- 
ease Resources.! The recommendation is based on the known associ- 
ation of hyperlipidemia, especially hypercholesterolemia, with vascu- 
lar disease2-5 Institution of dietary restriction in childhood has been 
suggested because pathologic studies*11 have shown fatty streaking 
of the arterial vascular intima, particularly of the aorta, as early as 
age 6 months, and in all children regardless of geographic or ethnic 
origin, with the single exception of patients with fibrocystic disease 
of the pancreas. The origin of these fatty streaks and the cause of 
their extension are not known. 

On the premise that lipids play a role in either the origin or the 
extension of these fatty streaks, alteration of dietary fat intake has 
been the major dietary change proposed.!:12 The normal infant and 
child have well defined requirements for calories, protein, water, 
electrolytes, vitamins and trace metals, and a decrease in intake of 
one nutrient may result in increased requirements for another. In 
light of these facts, this paper discusses the nutritional requirement 
for fat in infants and children and considers possible deleterious ef- 
fects of significant dietary fat alteration in infants and children. 


Dietary Fat Requirements in Infancy 


The minimal fat requirement of the human infant has yet to be 
defined in the precise way that Holt et al.1% have worked out the re- 
quirements for essential amino acids, proteins and nitrogen utilizing 
careful metabolic balance techniques. Dietary requirements for cho- 
lesterol, essential fatty acids (linoleic C 18:2) and total fat calories 
will be considered separately for both the infant under age 1 year 
and the older child. 

Human milk is accepted as the optimal nutritional standard for 
infancy.14:15 While the argument may seem teleological, increasing 
biochemical data, such as the recent demonstration of the absence of 
cystathionase in human fetal liver and the liver of premature in- 
fants16 with consequent dependence of the infant on cystine instead 
of methionine as the essential sulfur-containing amino acid, support 
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TABLE |I 
Lipid Content of Milk 


Formula 
Breast Cow’s 


Milk4? Milk4? No. 1% No, 296 


Kilo calories/100 ml 75 69 67 67 

Fat 4.5 a 3.2 3.4 
(g/100 ml) 

Cholesterol 20 14 3.0 1.5 
(mg/100 ml) 

Linoleic acid 10.648 2.148 23 35 
(g/100 g fat) 

Percent calories 54 48 50 46 
from fat 

Percent calories 4 1.01 11.4 22.3 


from linoleic acid 


this view since human milk is relatively high in cys- 
tine compared to methionine, more so than cow’s 
milk or any other animal protein.1!5 

The fat, cholesterol and linoleic acid content of 
human milk, cow’s milk, and 2 types of commercial 
formulas presently in common use are compared in 
Table I. These data indicate that there are major 
differences in the intake of cholesterol and linoleic 
acid in the infant subsisting wholly on cow’s milk 
formula or commercial formulas with vegetable fat 
replacement of milk fat and the infant subsisting on 
breast milk. Cow’s milk has a similar cholesterol 
content but relatively low content of linoleic acid 
whereas vegetable fat formulas have a cholesterol 
content 7 to 15 percent that of breast milk, and a li- 
noleic acid concentration 2 to 3 times that of breast 
milk. 

The serum cholesterol level in umbilical cord 
blood is 63.8 + 18.7 mg/100 ml (range 20 to 196 
mg/100 ml).!” Several studies have demonstrated 
that the serum cholesterol level in cord blood has no 
relation to the level of cholesterol in the maternal 
serum.!8-20 When infants are breast-fed, the serum 
cholesterol level rises rapidly to 155 mg/100 ml at 
age 3 months and stabilizes at this level for the first 
4 months of life.21 A similar rise occurs in infants fed 
cow’s milk formula containing butterfat as the sole 
lipid.18 Several prospective studies!9.29,22.23 have 
shown that the increase in serum cholesterol can be 
prevented by substitution of vegetable oil for butter- 
fat, and that serum cholesterol levels 22 to 38 per- 
cent lower than those of comparable infants fed 
cow’s milk formula can be maintained for the first 6 
months and probably the first year of life.19.20.22.23 
Infants fed cow’s milk and human milk have similar 
cholesterol values.18-19.22 

Deleterious effect of hypocholesterolemia: What 
the serum cholesterol level should be during the first 
year of life for optimal physiologic function and 
growth is unknown. A potential deleterious effect of 
dietary practices that result in relative hypocholest- 
erolemia during the first few months of life may be 
abnormal development of the brain and nervous sys- 


tem. Measurements of cholesterol turnover in suc- 
kling rats have shown that most of the cholesterol 
required to increase the total level of brain cholester- 
ol from 1 to 11 mg/100 ml during the first 17 days of 
life is synthesized, and not of dietary origin. Morris 
and Chaikoff?4 fed 14C-cholesterol to nursing rats 
and found no labeled cholesterol in the brain of the 
infants, although large amounts of labeled cholester- 
ol appeared in the liver during the 20 days of study. 
He concluded that none of the brain cholesterol was 
of exogenous origin. However, Chevallier? using an 
isotope equilibrium method, found that although 
most of brain cholesterol was of endogenous origin 
approximately 10 per cent was of exogenous origin 
(maternal milk) at age 5 days and only 5 per cent 
was of exogenous origin after weaning, at age 17 
days. 

A second potential deleterious effect of feeding 
practices that result in hypocholesterolemia during 
early infancy has been cited by Fomon.?® He sug- 
gested that cholesterol challenge during infancy is 
required for the development of the cholesterol de- 
gradative mechanism. Observations in the rat sup- 
port this thesis. Rats were weaned at age 18 or 30 
days and then fed high fat, low cholesterol diets until 
age 10 months. At this age, serum cholesterol levels 
were equal in both groups. After 2 1/2 months of ex- 
posure to an atherogenic diet, serum cholesterol was 
1,300 mg/100 ml in the animals weaned early com- 
pared to 500 mg/100 ml in the control group.27 

Potential deleterious effect of reduced total fat 
intake: The requirement for total fat in the infant 
diet is also not defined. Human milk provides 3.8 g 
of fat/100 ml or 50 percent of total calories from fat, 
and rat’s milk provides 60 percent of total calories 
from fat. Early weaning in rats may alter brain func- 
tion in the mature animal. In rats weaned at age 15 
days instead of 30 days, thereby reducing the percent 
of ingested calories from fat from 60 to 25 percent, 
significant alterations in the rate of elaboration of 
the conditioned reflex and in the stability of the 
memory trace were found at ages 8 to 12 months.28 
The changes were shown to be a function of total fat 
rather than cholesterol intake.29 No comparable data 
are available in human infants. However, reduction 
of fat intake to less than 20 percent of caloric intake 
may result in excess protein intake to supply the 
needed calories so that the solute load presented to 
the infant kidney is excessive, and dehydration, fever 
and hypernatremia result. Similarly, excessive sugar 
intake may exceed the disaccharide splitting capaci- 
ty of the intestinal mucosa, and diarrhea may result. 

Deleterious effect of essential fatty acid defi- 
ciency: Linoleic acid, an essential fatty acid, has 
been conclusively shown to be a necessary fat nutri- 
ent of infants. Animal experiments have shown that 
if linoleic acid, which cannot be biosynthesized or 
synthesized in adequate amounts for growth and 
maintenance of physiologic function, is deficient in 
the diet, then scaliness of the skin with occasional 
skin hemorrhage and necrosis, cessation of growth, 
hematuria, increased susceptibility to infection, 
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wasting and death occur.30%-35 On addition of linoleic 
acid to the diet, normal growth is resumed and the 
other symptoms clear. Liver mitochondria from rats 
with a deficiency in essential fatty acids demonstrate 
alteration in structure®® and in such functions as re- 
spiratory and phosphorylating mechanism, 37:38 oxi- 
dation of nicotinamide adenine dinucleotide, reduced 
form (NADH),?9 cytochrome oxidase activity*® and 
succinic, butyric and glutamic dehydrogenase activi- 
ty.41 Finally, essential fatty acids have been shown 
to be in vivo precursors of certain of the prostaglan- 
dins,#2 and the mechanism of action of essential 
fatty acids may be in part related to activity of these 
substances.*3 

In a group of 428 human infants followed up pro- 
spectively for 9 months, extensive studies of various 
levels of intake of essential fatty acids were carried 
out.44:4° Five formulas with a linoleic acid content 
ranging from 7.3 to 0.04 percent of total calories were 
fed. Daily weight gain was reduced, and calories con- 
sumed per kilogram for each gram of gain in weight 
were increased in those infants given a formula pro- 
viding less than 1.3 percent of daily calories as lino- 
leic acid (0.07 percent). Dry, thickened scaling skin 
with redness and oozing in the intertriginous folds 
were noted primarily in the first 3 months of life. 
Gradual but continuous alleviation of the lesions oc- 
curred from ages 6 to 9 months. A similar short-term 
(40 day) study in premature infants utilizing 3 for- 
mulas, with a linoleic acid content of 0.01, 0.5 and 
4.5 percent, respectively, of total calories, showed a 
significant increase in caloric intake required per 
gram of weight gain in the group receiving a low 
level of linoleic acid, but dermal lesions did not 
occur.*® Serum cholesterol levels were significantly 
lower in the groups with 4.5 and 0.5 percent linoleic 
acid intake than in the group with 0.01 percent in- 
take. All of these studies suggest a minimal dietary li- 
noleic acid concentration of approximately 1 percent 
of total calories and an optimal intake of 4.5 percent, 
a concentration comparable to that in human 
milk.4#6 

Effects of increased polyunsaturated fat intake: 
Since almost 80 percent of American infants are fed 
prepared commercial formulas with vegetable fats 
high in linoleic and polyunsaturated fatty acids sub- 
stituted for animal fat, essential fatty acid deficiency 
is not a nutritional problem in the normal American 
infant. Such formulas result in an intake of linoleic 
acid of 17 to 23 percent of the calories; this intake is 
3 to 5 times that of infants fed breast milk.47-48 In- 
deed, the tendency to increase the content of polyun- 
saturated fatty acids in prepared formula in response 
to the potential desirability of a high polyunsaturat- 
ed fat, low cholesterol diet to prevent atherogenesis 
in the adult has reopened questions as to the upper 
limits of polyunsaturated fatty acid intake. In ani- 
mals, excess polyunsaturated fat intake increases the 
requirement for alpha tocopherol (vitamin E).49-51 

Human infants, particularly premature infants, 
have low plasma levels of vitamin E52-53 because of 
limited placental transfer.53:54 Polyunsaturated fat- 
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rich formulas increase the requirement for vitamin E 
in the premature infant.55-56 In such infants fed pre- 
pared formulas without vitamin E supplementation, 
a syndrome develops consisting of generalized 
edema, irritability, constipation, hemolytic anemia 
and a characteristic erythematous seborrheic rash at 
about age 3 weeks.55:56 All changes clear promptly 
with administration of vitamin E. Healthy full-term 
infants fed the same formula without vitamin E sup- 
plementation do not experience the syndrome; how- 
ever, they also do not experience the usual rise in vi- 
tamin E levels found in the first 3 months of life in 
infants given human milk or evaporated milk.57 

A high level of polyunsaturated fat intake lowers 
serum cholesterol levels in animals and in man. Rats 
fed diets containing 2 or 10 percent corn oil from 
weaning to age 1 year lowered their serum cholester- 
ol values from 15 to 53 mg/100 ml, respectively;58 
however total body cholesterol increased from 17 to 
36 mg/100 ml, respectively. In the rhesus monkey, a 
prepared commercial formula (32 percent of total fat 
as linoleic acid) resulted in significantly reduced 
values for total serum cholesterol and beta lipopro- 
tein compared to values in monkeys receiving a milk 
fat formula (133 mg + SE 6.6 mg/100 ml vs. 275 + 
75 mg/100 ml) at age 1 year.°9:6° However, both 
groups of animals showed histologic changes in the 
cardiovascular system ranging from intimal thicken- 
ing of muscular arteries to sclerosis and calcification 
as well as localized areas of plaque formation in the 
aorta. The changes resembled those reported in 
human infants®! and did not differ significantly be- 
tween the 2 groups. 

In another study Rhesus monkeys were fed the 
“average American diet” and the prudent diet for 2 
years.®2 Significantly increased serum cholesterol, 
510 vs. 219 mg/100 ml, and frequency and severity of 
aortic and coronary lesions were found in the mon- 
keys fed the American diet. Since the American diet 
was 30 percent higher in calories, it is uncertain 
whether the results were due to differences in intake 
of amount or type of fat.® 

Infants and adults fed formulas or diets with a 
high level of polyunsaturated fatty acids have adi- 
pose tissue and serum fatty acid composition similar 
to that of the dietary fat ingested.*?-6* In adults, 
liver cholesterol levels measured by direct analysis of 
biopsy tissue fall significantly after 1 month of sup- 
plementation of a normal diet with polunsaturated 
fat,®° thus suggesting that the observed serum cho- 
lesterol reduction is not due to a shift into the liver. 
Other studies suggest that rather than an increased 
cholesterol excretion either as neutral sterol or bile 
acid, polyunsaturated fat feeding®® 6 results in a re- 
distribution between plasma and tissue pools.®8+69 

In rats, excess polyunsaturated fat intake has been 
associated with conversion of hepatic fat to ceroid, a 
fluorescent insoluble pigment sometimes called 
“wear and tear” pigment or pigment of aging.?°:.7 
This pigment, the result of lipid peroxidation, re- 
quires unsaturated fat accumulation and is accentu- 
ated by deficiency of vitamin E and other biological 
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TABLE Il 


Serum Cholesterol Values in Relation to Age and Dietary Intake of Fat 


Dietary Intake of Total Fat 





Serum Cholesterol 





Age (yr) & Ref. no. Sex % Calories SD Range P/S mg/100 ml SD Range 
1-682 M,F 37.5 17-51 as 168 ite 95-246 
1-69% M,F 37 NR 34-41 0.2 y% a 
1-598 M,F 32 +12.4 wae 0.31 156 +38 Fr 
6-148? M,F 38 rel 25-54 bs 167 ee 107-249 
5-10% M,F 38 +8.4 0.58 157 +27 

10-15% M,F 38 +6.3 0.2 172 +22 

14-1879 M 44 ad yay 0.20 asi gts zt 

14-188? M 39 28-47 ets 156 pind 155-206 

F 38.5 25-51 es 163 102-248 
1-299 M,F 159 Mesa 
2-699 M,F 165 +25 
‘‘Preadolescent- M,F 170 +25 
adolescent’’! 

16-1811 M,F 166 +30 

10-138: M,F 154 +3235 

1279 M 

Private school 187.5 +36.5 
Public school 165.4 +29.2 
P/S = ratio of polyunsaturated to saturated fat; SD = standard deviation; ... = not reported. 


antioxidants.’? In vivo lipid peroxidation is a basic 
mechanism of injury in the cellular mechanism of 
aging,’ in some phases of atherosclerosis,*4 and in 
liver injury from ethanol” and chlorinated hydrocar- 
bon.?® 

Recommended dietary formula for infants: 
Thus, for the human infant, the only proved require- 
ment for fat is linoleic acid at a minimum of 1 per- 
cent of caloric intake. Although the theoretical dis- 
advantages of a low cholesterol, low fat, high polyun- 
saturated fatty acid intake suggested by some ani- 
mal experiments have not been proved in human in- 
fants, it would be risky to ignore them, and a logical 
fat intake would be that supplied by breast milk 
(Table I). Only 20 percent of American infants are 
breast-fed until age 6 months.*7 The 80 percent fed 
commercially prepared formulas grow well, develop 
normally and have no clinical difficulty during infan- 
cy or childhood.!9:2°.22.23 Vitamin E supplementa- 
tion of these formulas has prevented the clinical syn- 
drome of vitamin E deficiency described in prema- 
ture infants. Serum cholesterol values are signifi- 
cantly lower in these infants but approach those of 
breast-fed infants by the ages of 6 to 12 months 
when addition of other foods and change in diet to 
include cow’s milk has occurred. Although the long- 
term values or detrimental effects of such feedings 
are at present unknown, there are no documented 
deleterious effects. Fomon?® has reported that the 
90th percentile values for height and weight of for- 
mula-fed infants are significantly greater than those 
of a similar population of breast-fed infants. The im- 
portance of this excess growth in 10 percent of for- 
mula-fed children for future health or disease, such 
as obesity, is unknown; the observed differences may 
be the end result of formula feeding per se (with con- 


sequent overfeeding) and have no relation to the fat 
composition of the formula. 


Dietary Fat Requirement in Children 


After infancy, fat requirements change. The lino- 
leic acid requirements of approximately 2 percent of 
the caloric intake’® are unchanged, but body stores 
with current feeding are sufficient to insure against 
essential fatty acid deficiency in all but severe fat 
deprivation, as in severe intestinal malabsorption. 
However, fat supplies a concentrated source of calo- 
ries as well as palatability to the diet of the rapidly 
growing child. 

Fat intake data for American children of various 
age groups are summarized in Table II. Depending 
on age, 32 to 44 percent of the ingested calories were 
derived from fat, with a polyunsaturate/saturate 
ratio (P/S) of 0.2 to 0.5. Maximal intake was in ado- 
lescent boys aged 14 to 18 years’? with a fat intake of 
44 percent of ingested calories. In these same adoles- 
cent boys the cholesterol intake was 600 mg/day. 
Compared to values in the male adult, the percent- 
age of fat calories was higher, 42 to 45 percent com- 
pared to 40 percent, the percentage of saturated fat 
calories higher, 18 to 19 percent compared to 15 to 
16 percent, and the intake of cholesterol about 100 
mg higher than in middle-aged men. 

Serum cholesterol values in relation to age includ- 
ing infancy,8° as reported in various studies, are 
shown in Table II. There was no significant differ- 
ence between Caucasian, Negro, Chinese or Puerto 
Rican children aged 10 to 13 years.8t Beal’? found 
that 24 of 30 young people had decreased serum cho- 
lesterol during adolescence, whereas McGandy”? de- 
scribed an increase of 2 to 3 mg/100 ml per year in 
paired samples from adolescent boys. It is clear that 
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much more information is needed about serum cho- 
lesterol values in childhood, and their variation with 
age, before even a “normal range” can be described. 

Possible effects and implications of reduced fat 
and cholesterol intake: The dietary alterations pro- 
posed for the adult by the Inter-Society Commis- 
sion! are: (1) adjustment of total calories to achieve 
and maintain optimal weight, (2) reduction of cho- 
lesterol intake from 600 mg/day to less than 300 mg/ 
day, and (3) substantial reduction in total fat to less 
than 35 percent of total calories and of saturated fat 
to less than 10 percent of total calories with up to 10 
percent as polyunsaturated fat and 10 percent as 
monounsaturated fat, P/S ratio 1 to 1.5. The major 
effect of this change for children would be to decrease 
total fat intake moderately and to decrease percent 
intake of saturated fat severely from the present 15 
to 18 percent of calories to 10 percent or less, to in- 
crease polyunsaturated fat from the present 3 to 5 
percent of calories to 10 percent and to decrease cho- 
lesterol intake by half. Practically, this would mean 
eliminating or greatly decreasing egg consumption, 
using skim or filled milk, decreasing the intake of 
meat with high levels of saturated fat such as beef 
and pork, and stopping the use of or altering the fat 
content of products such as ice cream, cheese and 
butter. 

As reviewed previously, the dietary intake of 
American children is high in quantities of saturated 
fat and cholesterol compared to the levels in other 
population groups? that have a reduced incidence of 
atherosclerosis in adult life. However, the real ques- 
tion is whether this cholesterologenic diet is harmful 
to all Americans or to a limited number of clinically 
discernible groups. Although it is said that runaway 
hyperlipoproteinemia accounts for only 5 percent of 
all coronary heart disease®* and that there is no 
known lower level of serum cholesterol that is “‘safe”’ 
in relation to coronary heart disease,! evidence is 
accumulating to suggest that the incidence of type II 
hyperlipoproteinemia in the heterozygote state is 
from 1 percent!? to 2 percent.*4 It is possible to diag- 
nose this condition at birth by screening of umbilical 
cord blood,17:85 and the associated hypercholestero- 
lemia can be normalized by diet alone in the first 
year of life.86 Whether prolonged dietary therapy will 
maintain normocholesterolemia in such children, or 
whether therapy with Atromid® or cholestyramine 
will be needed and whether normocholesterolemia 
will prevent coronary heart disease in these patients 
is as yet unknown. Further, the possibility of detect- 
ing families with non-type II hypercholesterolemia 
by screening of adolescents has been suggested.®4 
Several population studies have demonstrated that 
the distribution of cholesterol is not a gaussian curve 
but skewed to the right and made up of at least 2 or 
more populations, 1 with type II familial hyperlipo- 
proteinemia.!®-84.87 Approximately 5.5 million 
Americans aged 18 to 75 years of a total population 
in this age group of 118 million were estimated to 
have proved or suspected coronary heart disease in 
1960-1962,1 an approximate incidence of 5 percent. 
Of Americans under age 65 years, 3.4 million had 
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known or suspected coronary heart disease, an ap- 
proximate incidence of 3.6 percent. The potential 
contribution of just 1 genetic factor predisposing to 
hypercholesterolemia, that is, familial type II at 1.0 
to 2 percent, thus begins to approach at least half 
the incidence of coronary heart disease in the popu- 
lation under age 65 years without including other 
risk factors predisposing to hypercholesterolemia, 
such as diabetes and obesity. 


Present Recommendations for Pediatricians 


Thus a pediatrician might view hypercholestero- 
lemia as another hereditary metabolic disease of a 
much greater frequency than diseases for which new- 
born screening and dietary treatment procedures 
have already been developed, that is, phenylketonu- 
ria88 and galactosemia.89 The pediatric emphasis 
might then be placed on screening for hypercholest- 
erolemia in umbilical cord blood,!7:86 at school age 
and in adolescence.®* From such screening those per- 
sons really at risk of having hypercholesterolemia 
could be diagnosed, given appropriate dietary thera- 
py, and monitored for adherence. 

The present diet of nonimpoverished Americans 
has been associated with an increase of 10 percent in 
height and 15 to 30 percent in weight of children 
from 6 to 11 years of age over the past 90 years.%° In- 
fant feeding is simple and safe. Mortality in the first 
year of life has fallen from 92.3/1,000 live births 
in 1920 to 24.1/1,000 in 1965. The effects of diet can- 
not be separated from the effects of other factors—in- 
troduction of evaporated milk in the early 1920’s and 
sterilization of formula, control of infectious disease 
with isolation of tuberculous patients, antimicrobial 
therapy and active immunization against such dis- 
eases as smallpox, diphtheria and poliomyelitis; 
nevertheless, nutritional disturbances such as rickets, 
scurvy, pellagra and nutritional edema have been 
largely eradicated. It is of interest and importance 
that several attempts to “improve the diet” of infants 
have been associated with the production of iatrogenic 
disease such as convulsions due to pyridoxine de- 
ficiency?! and hemolytic anemia due to relative vita- 
min E deficiency in premature infants with increased 
intake of polyunsaturated fat.55 

Eating should be a pleasurable experience but the 
development of good eating habits is difficult to 
achieve. American children as well as their parents 
like to eat steak, hamburger, hot dogs, sausage, eggs 
and ice cream. Although limitation of intake to pre- 
vent obesity is reasonable, restricting these foods in 
everyone for the unproved distant goal of reducing 
atherosclerosis is dubious. As stated by Pratt,9?2 “No 
matter how necessary the dietary restriction may be 
the child readily becomes prejudiced about foods and 
may utilize eating behaviors as a means of emotional 
satisfaction or as a tool to manipulate his parents.” 

The Commission’s report recognizes that large- 
scale, long-term studies are necessary to determine 
the effect of intervention, particularly dietary modi- 
fication, on the rates of premature atherosclerotic 
disease in the United States and that at least 10 
years would be needed to determine the effect of 
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such trials. Since the evidence for benefit is not 
available,93 and indeed the potential for harm for 
long-term dietary change is unknown,% it would 
seem more propitious to identify and treat in well 
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The presently known risk factors are assessed as examples of 
epidemiologic proof. The studies that led to their identification are 
briefly reviewed. The basis for uncertainty in recommending preven- 
tive measures to young persons is examined along with the factors 
that bespeak the need for prevention. This paper attempts to provide 
a rational basis upon which specific therapy can be based. It does 
not present a therapeutic regimen for general prescription or adop- 
tion. 


The relevance of risk factors of coronary heart disease to pediatric 
practice has recently become a matter of interest and concern to pe- 
diatricians and to families that have a young adult member who has 


experienced a heart attack or other serious coronary event. The con- 


cern of the pediatrician and the family alike is whether the risk fac- 
tors that apply to adults have a similar meaning for their children 
and, if they do, what preventive steps should be taken. 


Risk Factors—Epidemiology 


To understand and utilize the knowledge of risk factors in clinical 
practice, it is essential to understand the nature of epidemiologic 
proof and to be familiar with the base upon which risk factors, as 
they are presently conceived, rest. Both can be simply stated, once 
the nature of the proof and the characteristics of the base are appre- 
ciated. 

To understand the nature of epidemiologic proof, it is essential to 
recognize that all science, including medical science, is of one of two 
types.’ The first type is exemplified by physics, wherein all phenom- 
ena are reducible to a small number of fundamental principles and 
constants. The second type is exemplified by geography, wherein no 
amount of knowledge of general principles will indicate the source of 
the Nile, the contour of the Rocky Mountains, or the shape of the 
Florida peninsula. All medical science must also acknowledge the 
variability of human response. This must not be considered as the 
epidemiologist’s excuse for the lack of a one to one correlation between 
postulated cause and disease. The question to ask about agents is 
whether they alter the probability of an event’s occurrence, not 
whether or not they cause the event. 


Risk Factors—Data Base 


With these generic facts about “proof” in hand, the character of 
the data base can be appreciated. This base consists of a number of 
population studies. One of the earliest of these, and in clinical circles 
one of the least understood, was the Framingham project.? Con- 
ceived and executed as a 20 year observation of a cohort of men and 
women who were 30 to 60 years of age and living in Framingham, 
Massachusetts in 1948 to 1950, this study revealed through biennial 
physical examinations and intercurrent recording of illness or death 
that serum cholesterol values of 250 mg/100 ml, systolic blood pres- 


588 May 1973 The American Journal of CARDIOLOGY Volume 31 


sure greater than or equal to 160 mm Hg and ciga- 
rette smoking of 1 or more packs a day were associ- 
ated with increased risk of coronary heart disease. 
Each factor separately increased this risk, all 3 to- 
gether increased the risk 4-fold over any 1 factor 
alone. Furthermore, the younger the subject, the 
greater the likelihood that these personal ‘‘environ- 
mental” factors would predict coronary heart dis- 
ease. These facts were observed, not postulated, and 
not tested through intervention. 

The Tecumseh project? is also an observational 
study but this time the entire population of a town— 
8,500 men, women and children—was repeatedly ex- 
amined and monitored for illness. Beginning in 1958, 
this study was designed to build upon the Framing- 
ham project, supplement it, complement it and iden- 
tify additional factors that would increase the proba- 
bility of coronary or other cardiovascular or noncar- 
diovascular diseases. Among other things, this study 
has shown that a young man is more apt to have a 
fatal coronary event if either of his parents had a 
myocardial infarction before age 65; his coronary at- 
tack is less apt to be fatal if his parents died after 
age 65. However, after a man reaches age 60 his fam- 
ily history appears to have no bearing on his risk of 
coronary heart disease. 

Geographic studies of the incidence of deaths from 
coronary heart disease have been validated and de- 
tailed. These data have shown that the risk of expe- 
riencing fatal coronary heart disease is greatest in 
Finland. The United States runs a close second. 
Conversely, there are few such deaths in Japan or 
Greece. However, immunity by virtue of nationality 
extends in toto only to those citizens who remain at 
home. It partially covers those who emigrate to the 
United States as adults. It gives almost no protec- 
tion to those who arrive here under age 15. 

Many changes occur with immigration, of course. 
Diet is one of them. Occupation may be another; so 
may income, type of neighborhood, acceptable mores 
and behavior patterns. Any or all of the following 
may be associated with an increased risk of coronary 
heart disease: being obese, being a foreman, being 
wealthy (especially if the wealth comes in later 
years), living in a high stress, crime-ridden neighbor- 
hood, smoking more and exercising less. Some of 
these factors are more easily changed than others. 
Some are intuitively more appealing in that the sci- 
entific hypotheses they generate appear to have a ra- 
tional base. One of the most appealing of these is the 
relationship between diet and heart disease. Nation- 
al dietary patterns correlate with incidence of coro- 
nary heart disease as do dietary lipid and cholesterol 
levels with serum lipid and cholesterol levels. 

Diet and coronary heart disease: The first prob- 
lem to be resolved with this hypothesis is whether 
dietary habits can be altered in a free population. To 
resolve this issue, the Diet-Heart Feasibility Study 
was established.° This study has shown that 1,211 
men aged 45 to 54 years could be persuaded to vol- 
unteer for a double-blind diet study and that 90 per- 
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cent of them would stay with the study for at least a 
year. Overall, those consuming the prescribed diet 
showed an average decrease in serum cholesterol of 
10 percent when compared with those consuming the 
control diet. However, the dietary changes did not 
appear to be lasting because a review of the patients 
1 or 2 years after the close of the study showed that 
most of the men had reverted to their normal diet. 
However, a considerable number of them had 
stopped smoking. 

Concurrent with these studies in the field, studies 
in the laboratory revealed that serum lipids were al- 
most as complex and varied as atherosclerosis itself.® 
Presently, some order has been brought to this field 
so that the second question can be asked, namely: 
Will lowering serum lipid levels reduce the risk of 
coronary heart disease? 

During the 1960’s, at least a dozen studies at- 
tempted to answer this question. Although they var- 
ied in their details (some studied only men who had 
had a previous infarction, others only those without 
a previous coronary event and some included pa- 
tients from both these categories), all the studies 
conclusively demonstrated the critical need for ran- 
dom allocation of patients to the treated or the con- 
trol group and the necessity for a double-blind de- 
sign of the trial if end points other than death were 
to be measured. None of the double-blind studies re- 
vealed any real difference in the incidence of disease; 
all of the nondouble-blind studies claimed fewer 
events with therapy. Neither type of study showed a 
lower incidence of death from coronary heart disease 
in the treated than in the control group. Thus docu- 
mentation of an affirmative answer to the second 
question is still lacking.” 

Relation of risk factors and natural history of 
coronary heart disease: Two other important piec- 
es of “adult” information are also lacking. The first 
is, what causes death from atherosclerosis or coro- 
nary heart disease in the 20 to 30 percent of patients 
who during life lack any of the presently known risk 
factors?® The other missing piece of data is what 
relation, if any, do the various risk factors have to 
the natural history of the disease? That is, do certain 
risk factors in particular combinations, or in specific 
hosts, predetermine angina pectoris or sudden, unex- 
pected death? In essence, what is the natural history 
of atherosclerosis and coronary heart disease? 


Risk Factors— Implications 


No one of these questions is surprising. All of them 
could have been predicted from a study of infectious 
diseases and indeed some are unanswered in those 
areas, although the diseases themselves are, for all 
practical purposes, controlled or eradicated. Bulbar, 
paralytic, nonparalytic and subclinical poliomyelitis 
were all seen secondary to infection with several dif- 
ferent strains of poliomyelitis virus. Only the most 
primitive relation between state of the host and ex- 
pression of disease came to light before the preven- 
tive vaccine was developed. Clearly, had these rela- 
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tions been known, more effective prevention would 
have been possible before development of the vac- 
cine. 

The practicing cardiologist is in much this same 
position today in attempting to prevent atheroscle- 
rosis as his counterpart was in attempting to prevent 
poliomyelitis before the introduction of the vaccine. 
He knows that when certain internal and external 
environmental factors are present in the adult—ele- 
vated serum cholesterol level, hypertension and obe- 
sity, cigarette smoking, living in a particular coun- 
try—are present, the probability of a premature cor- 
onary event is increased. But he is uncertain whether 
he should support measures that would reduce avail- 
able dietary cholesterol and eliminate cigarettes or 
take the more moderate view and encourage abs- 
tinence from these only after the patient has had a 
coronary event or shows signs of having one. The 
analogy with poliomyelitis is again apparent. There, 
the alternative lay between closing all the swimming 
pools and prohibiting any crowds of children from 
assembling or advising parents to have their children 
shun playmates with illnesses that might be pol- 
iomyelitis. In both situations the first course of ac- 
tion seems a bit drastic, while the second has all the 
earmarks of too little, too late. The first indication of 
coronary heart disease may be a fatal event just as 
paralysis or death was the first manifestation of pol- 
iomyelitis and it often occurred in the absence of any 
known exposure. 

It is very difficult to tread a fine line between too 
little and too much, between truly preventing dis- 
ease and only appearing to do so while making other 
problems such as unfounded fears of the disease 
worse. It is difficult to explain the current situation 


of uncertainty with regard to the data base upon 
which recommendations are made, and this diffi- 
culty is compounded by individual variability. The 
epidemiologic problems of variability or reproduci- 
bility of measurement variables have been touched 
upon. Of even greater importance to the practicing 
cardiologist is the inherent variability that one pa- 
tient may show from day to day in any given charac- 
teristic. Serum cholesterol levels are known to vary 
by as much as +20 mg without any error in tech- 
nique or any alteration in the fasting state. It is 
thus important to have at least 3 determinations 
over a period of several days if not weeks before 
making a diagnosis of dyslipoproteinemia or of a nor- 
mal lipid state. It is even more important to be cer- 
tain of the ascertainment of disease before institu- 
ting therapy. The long-term effects of therapy on the 
growing child cannot be known with certainty in 
time to protect that child. Nor is it easy to eliminate 
the consequences of a diagnosis of an abnormality, 
however transient that diagnosis may be. Career 
choices, employment possibilities, even insurance 
premiums may be irrevocably altered by just a con- 
ditional diagnosis of disease. 

Yet atherosclerosis is a disease that needs to be 
prevented, and many persons are at risk of its com- 
plications. Some causal agents of atherosclerosis 
have been established. It seems likely that many, in- 
deed most of those which are causal agents only in 
combination and above an individual persons thresh- 
hold, have yet to be established. In the meantime, 
patients must be treated and the public advised 
about preventive measures. The following paper of- 
fers one man’s informed opinion of how to make good 
use of these present data. 
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Primary prevention instituted early in life offers the most promising 
opportunity to affect morbidity and mortality of atherosclerosis. This 
conclusion is inevitable because of the sudden catastrophic nature of 
the first event in many patients and the demonstration of advanced 
pathologic changes in those who are symptomatic. There is little evi- 
dence that advanced lesions regress. 

A prerequisite to the achievement of the goal of primary preven- 
tion is the training of ‘preventive cardiologists” dedicated to accu- 
mulating new data and utilizing information now available for the de- 
sign and implementation of such programs in the young. A scientific 
approach to primary prevention requires documentation of the basic 
mechanism of the cause and progression of plaque formation. This 
information is not presently available. However, it is now possible to 
identify children at high risk of premature development of complica- 
tions of the disease utilizing known risk factors and their tendency to 
familial aggregation. A plan for identification and management of 
such children is outlined. As new data become available one can 
anticipate changes in methods of detection and management with a 
view toward improving results in primary prevention. 


The morbidity and mortality from atherosclerosis have reached such 
proportions that it has become one of the major challenges to medi- 
cal science and public health in the United States. By virtue of the 
nature of the disease processes constituting atherosclerosis and arte- 
riosclerotic heart disease, only primary prevention can be expected 
to reduce some of the absolute and most of the premature mortality 
as well as the morbidity associated with these diseases.1:2 Primary 
prevention is that aimed at preventing, or delaying the time of onset, 
of the underlying disease process. Secondary prevention is directed 
toward prevention, or delay of onset of the signs and symptoms, of 
the disease in patients in whom the underlying disease process has 
already occurred. Primary prevention is the objective of pediatricians 
in this disease, as in many others. 

This segment of the Symposium will attempt to document what is 
known, identify what is not known, and outline what steps can be 
taken with the information now available to institute a program of 
primary prevention. As such, it should serve in essence as a summa- 
ry of the preceding papers although it was written independently of 
them. 

Atherosclerosis appears to begin in childhood. Certainly fatty 
streaks are universally found in the aorta of children in virtually 
every country, and most investigators believe that these fatty streaks 
are the precursors of plaques, although the mechanism of this con- 
version is not known.?:4 Some fatty streaks persist unchanged, some 
regress and others progress to fibrous plaques. An understanding of 
the causes of these changes and the mechanisms whereby they occur 


May 1973 The American Journal of CARDIOLOGY Volume 31 591 


PREVENTION OF ATHEROSCLEROSIS—BLUMENTHAL 


is critical to control of the disease. There is little evi- 
dence that advanced lesions regress. Until such evi- 
dence is available, primary prevention will be essen- 
tial, especially for those whose initial symptom of the 
disease is a fatal event. If it is true that advanced le- 
sions are not apt to regress, prevention should be in- 
stituted early in life. 

Epidemiologic studies have contributed a signifi- 
cant body of knowledge establishing an association 
between certain characteristics of individual persons 
and environmental factors (risk factors) and the pre- 
mature development of atherosclerosis. From this 
evidence and that supplied by experimental studies, 
one must conclude that the disease has many causes, 
many not yet identified, and that clinical manifesta- 
tions appear at different ages in various degrees of 
severity in persons whose innate susceptibility may 
be genetically determined. Whether the responsible 
genes regulate biochemical metabolism, structural 
differences in arterial vessel walls or end-organ re- 
sponse to stress has yet to be learned. Strains of 
“hypo- and hyper-responders”’ to an atherogenic diet 
have been bred in squirrel monkeys.® Whether such 
responders exist in man is not known. It is highly 
probable that other mechanisms may also be active 
in initiating the onset and progression of atheroscle- 
rosis in various parts of the body. 


Clinical Application of Preventive Measures 


The available data, coupled with the recognition 
that atherosclerosis is now the major public health 
problem in this country, obligate physicians to insti- 
tute preventive programs utilizing existing knowl- 
edge and being prepared to alter programs as new 
scientific data become available. The first objective 
would be to change the physician’s attitude. We 
must train a group of cardiologists who consider 
themselves “preventive cardiologists.” This concept, 
long accepted by pediatricians, should now be ex- 
tended to those practicing adult medicine and to pe- 
diatric and adult cardiologists. It has been suggested 
that myocardial infarction, stroke or peripheral vas- 
cular disease in a patient under medical care repre- 
sents a medical failure rather than the point in time 
when treatment should begin.’ The “preventive car- 
diologist”’ will be concerned with identifying early in 
life persons at high risk and evaluating the benefits 
and risks of intervention in each case. On the basis 
of current knowledge, I believe it is inappropriate at 
this time to advocate use of lipid-reducing drugs or 
alteration of the diet or living habits by the public at 
large. 

Risk factors: Risk factors have been evaluated for 
sensitivity and specificity as indicators of atheroscle- 
rosis and for susceptibility to modification. Some ev- 
idence is at hand to explain the action of certain 
presently identified risk factors and to predict that 
their elimination will alter the course of the disease.® 
It is also now possible to identify some groups of 
asymptomatic persons who are at high risk of devel- 


oping premature arteriosclerosis and its clinical com- 
plications. Of the currently known risk factors, 3 ap- 
pear to be of major importance: hyperlipidemia, hy- 
pertension and cigarette smoking. Diabetes mellitus 
is also often seen in association with coronary heart 
disease and peripheral vascular disease.? However, 
diabetes is frequently associated with hypertension 
and obesity, factors that in themselves, as a pair, 
predispose to coronary heart disease. Furthermore, 
glucose tolerance and plasma insulin levels are often 
abnormal during the development of obesity,1° and 
obesity along with hypertension in college students 
carries with it an increased risk of coronary heart 
disease.11 Although the relative risk of obesity com- 
mencing at various ages—infancy, late teens and 
early 20’s, middle-age, and so on—has yet to be un- 
raveled, it would seem prudent for physicians to en- 
courage their patients at all ages to eschew obesity 
and to seek to maintain an “average” weight. The 
dictum that a “‘fat baby is a healthy baby,” should be 
discarded as should the ‘“‘he/she will outgrow it” atti- 
tude toward older children. 

Hyperlipidemia: recognition and indications for 
intervention in childhood: Specific disorders of 
lipid transport have been described, and the relation 
of each to premature atherosclerosis has been inves- 
tigated.12 Familial type I] hyperlipidemia is strongly 
linked with premature coronary artery disease.1?:14 
This disease can be recognized in very early child- 
hood, probably in infancy, possibly at birth from 
cord blood.15 Estimates of prevalence have yet to be 
documented; however, screening of large populations 
by examination of cord blood and the serum of in- 
fants is being performed so that estimates of preva- 
lence should soon be available. At this time, routine 
examinalion of cord blood as a screening device is 
not justified. Evidence needs to be accumulated con- 
cerning the normal range of blood lipids in cord 
blood, the causes of cord blood hyperlipidemia, other 
than familial type II disease, and the incidence of 
normal cord blood determinations in persons who are 
subsequently proved to have hyperlipidemia. 

The effect of lipid-lowering diets on infants and of 
drugs on children needs to be studied and informa- 
tion obtained as to their possible side effects on 
growth and maturation. Already there is a sugges- 
tion that total absence of saturated fat and choles- 
terol in an infant’s diet may give rise to skin lesions 
as well as delayed cerebral development. Nonethe- 
less, for infants over 1 year of age and for children 
and adolescents with markedly abnormal serum lipid 
levels, dietary or drug intervention, or both, is cer- 
tainly warranted. Intervention may also be warrant- 
ed in young persons at somewhat lesser risk after due 
consideration of the magnitude of the risk and the 
nature of the intervention. 

Hypertension: identification and therapy in 
childhood: Hypertension is a well established risk 
factor for coronary and cerebral arterial atherosclero- 
sis. The hypertensive risk is aggravated when it is 
associated with hyperlipidemia, especially in young 
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TABLE | 
Identification of “High Risk” Children 





l. Children with 
A. Hyperlipidemia 
1. Primary 
Familial 
Nonfamilial 
2. Secondary 
Nephrosis 
Hypothyroidism 
B. Hypertension 
C. Diabetes 
D. Obesity 
II. Progeny of adults with 
A. Hyperlipidemia 
B. Essential hypertension 
C. Diabetes 
D. Premature myocardial infarction 





adults.1® There are large gaps in our knowledge con- 
cerning the natural history of essential hypertension 
in patients with mildly increased pressure. The 
onset, early course and benefits of early therapy are 
only now being examined. All definitions of hyper- 
tension are arbitrary since there is no critical value 
beyond which complications are more apt to occur. 
In statistical parlance, hypertension is a continuous 
variable with prognosis a function of the height of 
either the systolic or diastolic blood pressure and 
mortality at any age related to the levels of these 
pressures.! Note that elevations of diastolic and sys- 
tolic pressure levels have the same significance. As 
far as is known, casual pressure determinations pro- 
vide assessments of the true pressure levels as valid 
as those obtained under basal conditions. Blood 
pressure levels are, on the average, higher in older 
than in younger persons. However, longitudinal 
studies!’ indicate that aging in itself is not the cause 
of the increase in pressure; rather the higher the 
level of the initial pressure the greater the rate of 
change. The cause of the initial elevation in a given 
person with essential hypertension is not understood 
but undoubtedly results from both genetic and envi- 
ronmental factors.18:19 It has been suggested that an 
increase in pressure, from whatever cause, results in 
structural alterations in systemic arterioles, thereby 
increasing peripheral resistance and determining the 
subsequent rate of change in blood pressure. 

The blood pressure of an adult is reflected in his 
first-order relatives,2° and it has been suggested? 
that this familial aggregation is measurable in child- 
hood, and that children in families with high levels 
of pressure persist in this category into later life. The 
concept that a child’s blood pressure follows a set 
“track” is an interesting theory requiring documen- 
tation. If it is documented, the possibility of altering 
this pattern by appropriate intervention will need to 
be explored. Drug treatment of adults with hyper- 
tension has shown a decrease in cerebrovascular ac- 
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cidents?? without a comparable decrease in coronary 
arterial events. The possibility that intervention ear- 
lier in the process (childhood) might have more ben- 
eficial results is an intriguing suggestion. For those 
experiencing signs and symptoms of hypertension in 
their early 20’s, detection and therapy in childhood 
is mandatory. How to identify these patients before 
the sequelae of hypertension present is one of the 
most pressing problems in the field. 

Cigarette smoking: There is an established rela- 
tion between cigarette smoking and the development 
of coronary atherosclerosis.22 Moreover, persons who 
have stopped smoking have a decreased mortality 
from coronary artery disease, depending on the num- 
ber of cigarettes previously smoked and duration of 
cessation of smoking. The highest risk occurs among 
young men who smoke heavily.24 A major education- 
al effort in which the physician plays or should play 
an important role needs to be directed toward under- 
standing motivation to smoke, ways of persuading 
smokers to stop and most importantly, ways of keep- 
ing adolescents from taking up the habit. 


Identification of “High Risk” Children 


Some families have an increased risk of develop- 
ment of premature coronary artery disease.25,26 
Whether this familial aggregation is due to genetic or 
environmental factors is not clear. In any event, a 
history of premature myocardial infarction in several 
members of a family should make examination for 
risk factors of all other members of the family man- 
datory. 

A wide variety of problems still defy solution de- 
spite the voluminous published literature on athero- 
sclerosis. Fundamental to the entire issue is the fact 
that the basic mechanism of the cause and progres- 
sion of plaque formation is poorly understood as well 
as the manner in which risk factors influence the pa- 
tient and the disease. Available methods of evaluat- 
ing the existence and severity of the pathologic pro- 
cess are not sensitive indicators of disease. There is 
need for the development of safe, noninvasive tech- 
niques, susceptible to repeated use in the patient 
and capable of detecting alterations before compli- 
cated lesions occur. Evaluation of programs devised 
to prevent the disease urgently require the develop- 
ment of such techniques. But this development 
which will require the talents of many disciplines 
will be forthcoming only if physicians and particular- 
ly cardiologists concern themselves with prevention 
and work actively in concert with other disciplines to 
develop the necessary tools. 

This does not mean that we can content ourselves 
with doing nothing. It is now possible to identify 
from the general population children at high risk. 
Table I outlines one such possible method. This ap- 
proach utilizes the known major risk factors seen in 
children and the fact that risk factors demonstrate 
familial aggregation without regard to whether this 
aggregation is due to genetic or environmental fac- 
tors. Once identified, these children should have an- 
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nual follow-up studies, with physical examination, 
including blood pressure determinations obtained 
with special attention directed to minor technical 
problems unique to this age group. In addition, 
serum should be obtained for determination of cho- 
lesterol, triglycerides, uric acid and blood sugar levels 
after a glucose load. Children identified as being at 
high risk should be given appropriate advice and 
continuing counseling concerning exercise habits, 
diet and cigarette smoking. Treatment of biochemical 


disorders detected at these examinations should be 
instituted on an individual basis after the hazards of 
procrastination versus treatment have been evalu- 
ated. The investigation of children of families with 
type II hyperlipidemia offers special opportunities for 
prevention. Intervention can be started early in some 
cases; in others, when studies indicate that the chil- 
dren do not have the disease, reassurance of offspring 
and family will be a major contribution to good men- 
tal health. 
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To determine if significant interrelations exist between the electrocar- 
diographic diagnosis of transmural myocardial infarction, sites of 
coronary arterial obstruction, and left ventricular asynergy, 235 pá- 
tients with angiographically documented coronary artery disease 
were subdivided according to the electrocardiographic location of 
the myocardial infarction, the coronary arterial system involved and 
the site of ventricular asynergy. Of 82 instances of anterior myocar- 
dial infarction, the left anterior descending attery demonstrated sig- 
nificant disease in 79 (96 percent). Of 100 instances of inferior myo- 
cardial infarction, the right coronary artery was significantly diseased 
in 87 and the left circumflex in 55. When multiple infarctions were 
present, multivessel disease was found in 93 percent of patients. 
Left ventricular asynergy was present in 81 percent, including 84 
percent of those with anterior infarction, 74 percent of those with in- 
ferior infarction, and 93 percent of those with multiple infarctions. 
The results of our study suggest that the electrocardiogram is often 
of value in indicating sites of coronary arterial obstruction and ven- 
tricular asynergy in patients with coronary artery disease and 
transmural myocardial infarction. 


The development of angiographic techniques has made it possible to 
determine accurately the presencé of coronary arterial obstructions! 
and abnormalities of ventricular wall motion? during life. These 
techniques have, in turn, stimulated interest in the potential value of 
the electrocardiogram (ECG) in locating the sites of coronary artery 
lesions and ventricular asynergy. With the advent of direct myocar- 
dial revascularization? and infarctectomy* as methods of treatment, 
such localization has become of great practical importance. The 
present study was therefore undertaken to ascertain correlations be- 
tween electrocardiographic evidence of transmural myocardial in- 
farction and results of arteriographic and ventriculographic studies. 


Materials and Methods 


Using electrocardiographic evidence of transmural myocardial infarction 
as criteria for selection in the present study, 235 patients were selected 
from a group of approximately 1,000 patients with chest pain syndromés who 
underwent coronary cinearteriography from 1966 to 1972 at the Peter Bent 
Brigham Hospital. Twelve lead electrocardiograms were performed on all 
patients with Hewlett-Packard model 1511A electrocardiographs operated at 
a paper speed of 25 mm/sec, with standardization adjusted to 1 cm/my. The 
electrocardiographic criteria for the diagnosis of transmural myocardial in- 
farction in standard use at the Peter Bent Brigham Hospital are adapted from 
those published by Barker,® Myers et al. and Goldberger? (Table I). Only 
those patients with electrocardiographic evidence of transmural anterior myo- 
cardial infarction or inferior wall myocardial infarction, whether appearing 
singly (homogeneously) or in combination with the other type of infarction 
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TABLE | 


Electrocardiographic Criteria of Myocardial Infarction 
(Anterior and Inferior Types Only) 
Electrical Location Criteria 

Anterior 
Anteroseptal* QS deflections or Q waves 20.04 second 
in leads V; to V3; depth of Q wave 
>25% of amplitude of following R 
wave, if present: or, an abnormal 
relative decrease in R wave amplitude 
from right to left precordial electrodes 

QS deflection or Q waves 20.04 second 
in leads V: to V4; depth of Q wave 
>25% of following R wave if present; 
or an abnormal relative decrease in R 
wave amplitude from right to left 
precordial electrodes 

Q waves 20.04 second in leads 1, V; and 
Vs; depth of Q wave >15% of total 
QRS amplitude 

Q waves 20.04 second in lead aVF; 
depth of Q wave >25% of amplitude of 
following R wave 


Anteroapical* 


Anterolateral* 


Inferior 


* Because of frequent overlap the 3 subtypes are included 
under the term ‘‘anterior myocardial infarction” in the text. 


TABLE Il 


Correlations Among Electrocardiographic, Arteriographic 
and Ventriculographic Findings in 235 Patients with 
Transmural Myocardial Infarction 


Type of Infarction 
Anterior 
and 
Inferior Total 


Anterior Inferior 


A. Electrocardiographic-Arteriographic Correlations 


Site of lesions 


Single 
LAD 33 5 2 40 
RCA 2 20 1 23 
LCF 1 2 0 3 
Multiple 
RCA-LAD 10 20 13 43 
RCA-LCF 0 7 1 8 
LCF-LAD 16 6 2 24 
All 3 20 40 24 84 





B. Electrocardiographic-Ventriculographic Correlations 
Site of asynergy 


Single 
Normal 13 26 3 42 
Anterior 11 6 1 18 
Apical 13 9 6 28 
Inferior 0 25 3 28 
Multiple 
Anterior-apical 16 3 5 24 
Anterior-inferior 6 6 2 14 
Inferior-apical 3 5 2 10 
All 3 20 20 21 61 





LAD = left anterior descending artery; LCF = left circumflex 
artery; RCA = right coronary artery. 


(heterogeneously), were selected for the study; cases of sus- 
pected posterobasal and high lateral wall infarctions were 
eliminated because of the current uncertainty of the elec- 
trocardiographic diagnosis of these conditions.®:® Tracings 
demonstrating complete left or right bundle branch block, 
left anterior or posterior hemiblock, Wolff-Parkinson-White 
syndrome, left or right ventricular hypertrophy or artifi- 
cial cardiac pacing were also excluded. In addition, pa- 
tients with rheumatic heart disease, hypertensive heart 
disease or cardiomyopathy were excluded from the study. 
Only those cases with arteriographically documented cor- 
onary arterial lesions and electrocardiographic evidence of 
either transmural anterior, inferior or combined infarcts 
were included in the study group. Thus, the latter consist- 
ed of patients preselected for the presence of definite coro- 
nary artery disease relatively uncomplicated by other sig- 
nificant forms of heart disease. 

Selective coronary cinearteriography was performed by 
either the Sones or the Judkins technique. Diatrizoate 
with meglumine, 75 or 76 percent, was injected into the 
left and right coronary arteries, and cine recordings were 
made of each vessel in the right and left anterior oblique 
projections on 16 mm film with either 6 inch dual-field 
General Electric or Siemens image-amplifier fluoroscopic 
systems. In all cases accepted for this investigation, lumi- 
nal narrowing of 75 percent or more, as estimated by a 
combined dimensional analysis of the 2 oblique views, was 
present in at least 1 of the 3 major coronary arterial sys- 
tems (left anterior descending, left circumflex and right 
coronary arterial systems). Six patients with main left 
coronary arterial lesions were included in the group with 
narrowing of the left anterior descending coronary artery, 
and the latter term is used to indicate both types of le- 
sions. 

Left cineventriculograms in the right anterior oblique 
projection were performed and evaluated by a method 
previously reported from our laboratory.1° Anterior, apical 
or inferior asynergy was defined as any significant abnor- 
mality of left ventricular wall motion in the appropriate 
zone.1° The electrocardiographic and angiographic data 
were analyzed in a double-blind manner. 


Results 
Electrocardiographic-Arteriographic Correlations 


Anterior myocardial infarction (82 patients): 
Table II indicates that of all patients with anterior 
myocardial infarction, 96 percent had critical steno- 
sis of the left anterior descending coronary artery. 
When only 1 vessel was involved, 33 of 36 (92 per- 
cent) had obstructive lesions of this artery. The 
other 3 patients had lesions in this vessel that, al- 
though obvious, were not significantly obstructive. 
Of patients with multivessel disease, 100 percent 
demonstrated obstructions of the left anterior de- 
scending coronary artery. 

Inferior myocardial infarction (100 patients): 
Eighty-seven percent of all patients with inferior 
myocardial infarction had stenotic lesions in the 
right coronary artery, with 74 percent of patients 
with single-vessel and 92 percent of those with mul- 
tivessel lesions showing obstruction of this artery. 
The left circumflex artery was the solitary source of 
obstruction in only 2 patients but was diseased in 73 
percent of patients with involvement of several ves- 
sels. Ninety-five percent of all patients with inferior 
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myocardial infarction had occlusive disease of either 
the right coronary or left circumflex artery, and 
these vessels were involved in 82 percent of those 
with single-vessel lesions. 

Combined anterior and inferior myocardial in- 
farction (43 patients): Multivessel disease was 
found in 40 of 43 patients (93 percent); the remain- 
ing 3 patients with critical single vessel stenosis had 
nonobstructive disease in at least 1 other vessel and 
2 of these patients may have had apical infarcts in 
relation to disease of the left anterior descending cor- 
onary artery. Occlusion of this artery was found in 95 
percent of the patients in this group. 


Electrocardiographic-Ventriculographic Correlations 


Anterior myocardial infarction: Normal wall 
motion was present in 16 percent of all cases in this 
category. All patients with asynergy demonstrated 
involvement of either the anterior or the apical seg- 
ment. When asynergy was limited to a single site, 
abnormal motion of either the anterior or the apical 
segment was always present. Isolated inferior wall 
asynergy was never found in association with anteri- 
or myocardial infarction. 

Inferior myocardial infarction: Twenty-six pa- 
tients (26 percent) had normal wall motion. Of the 
remaining 74 patients, the inferior wall contracted 
normally in 18, and asynergy was confined to either 
the anterior or apical segments. However, all of these 
subjects had obstructive disease of the left anterior 
descending artery in addition to disease of the right 
coronary or left circumflex artery, or both. 

Combined anterior and inferior myocardial in- 
farction: Significantly, only 7 percent of these pa- 
tients had normal wall motion. Of the 40 patients 
with asynergy, 85 percent had disease of the apical 
segment of the left ventricle. 


Correlations Among Electrocardiogram, Arteriogram 
and Ventriculogram 


Table III reveals that 63 percent of lesions of the 
left anterior descending artery occurred in associa- 
tion with anterior and 60 percent with inferior myo- 
cardial infarction. Seventy-three percent of the ob- 
structions of this artery were accompanied by either 
anterior or apical asynergy; 46 percent were accom- 
panied by inferior wall asynergy and 27 percent by 
normal wall motion. 

When the right coronary artery was obstructed, 
the frequencies of anterior and inferior myocardial 
infarction were 45 and 80 percent, respectively. The 
frequency of anterior-apical asynergy was 68 percent 
compared to 60 percent for inferior asynergy and 18 
percent for normal wall motion. 

Obstruction of the left circumflex artery was asso- 
ciated with anterior myocardial infarction in 54 per- 
cent, inferior myocardial infarction in 70 percent 
and normal wall motion in 12 percent of the cases. 


Variant Findings 


Five patients with inferior myocardial infarction 
had single-vessel lesions of the left anterior descend- 
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TABLE Ill 


Cross-Correlations Among Location of Coronary Lesions, 
Type of Myocardial Infarction and Site of Asynergy 
i pee ee 


Anterior 
Obstructed* and/or Normal 
Vessel Apical Inferior Wall 
System AMI IMI Asynergy Asynergy Motion 
aa r E EE E E A AS SS ke 
LAD (191) 120 112 140 86 32 
RCA (158) 71 126 107 95 29 
LCF (119) 64 82 90 66 14 


e a a fe a E A E Be, S 
* = >75% luminal stenosis. 
AMI = anterior myocardial infarction; IMI = inferior myo- 
cardial infarction. 


ing artery. Further detailed investigation revealed 
that, although 4 of these patients had completely nor- 
mal right coronary and left circumflex arteries, in 3 
the inferior ventricular wall was partially supplied 
by the left anterior descending artery—that is, this 
artery was “wrapped around the apex.” The fifth pa- 
tient had nonobstructive disease of the right coro- 
nary artery. The single patient with combined ante- 
rior and inferior myocardial infarction, who demon- 
strated stenosis of the left anterior descending artery 
with normal right coronary and circumflex arteries, 
also had a left anterior descending artery that 
“wrapped around the apex.” Significantly, apical 
asynergy was also present. Of the 18 patients with 
inferior myocardial infarction and anterior or apical 
asynergy alone or in combination, 15 had multivessel 
disease involving either the left anterior descending 
or left circumflex artery with the right coronary ar- 
tery. 
Discussion 

Despite many electronic refinements made in the 
electrocardiograph over the past 70 years, the accu- 
racy of the electrocardiogram as a reliable indicator 
of cardiac disease has remained a controversial 
subject. Smith! made one of the earliest attempts 
to correlate electrocardiographic changes with cardi- 
ac disease. In 1918 he elaborated upon evolutionary 
changes in repolarization in dogs after coronary ar- 
tery ligation, and demonstrated local zones of isch- 
emia and necrosis in the myocardium at autopsy. In 
that same year, Bousfield!2 related alterations in the 
electrocardiogram to spontaneously occurring angina 
pectoris in human subjects. 

Smith’s studies prompted Herrick,}3 in his classic 
paper describing the symptoms, signs and necropsy. 
findings in coronary thrombosis, to raise the question 
with which we are concerned: 


“The thought has been that with a certain artery ob- 
struction there is a definite lesion in the heart muscle .. ., 
and if with that lesion there is a definite electrocardio- 
gram, may we not be able to state with a reasonable de- 
gree of certainty that the patient has had obstruction in a 
particular portion of the coronary system? May it perhaps 
be possible to localize a lesion in the coronary system with 
an accuracy comparable to that with which we locate ob- 
structive lesions in the cerebral vessels?”’ 
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More recently, since the advent of selective coro- 
nary cinearteriography, a high incidence of normal 
electrocardiograms has been demonstrated in pa- 
tients with significant coronary arterial obstruc- 
tion.14 The electrocardiogram has been judged to be 
an inaccurate predictor of the presence of coronary 
artery disease. Similarly, a low percentage of correct 
positive predictions was made of the presence of cor- 
onary artery disease by the electrocardiogram.!® Our 
study does not purport to solve this problem. Rather, 
it begins with patients who have both documented 
coronary artery disease and “positive” electrocardio- 
grams showing evidence of transmural myocardial 
infarction, and concerns itself with whether the site 
of coronary obstruction and abnormalities of the 
myocardial wall can be localized from the postinfarc- 
tion electrocardiogram. It was recognized in advance 
that this study would focus upon patients with ex- 
tensive vessel involvement. However, other stu- 
dies!§-17 of patients with equally severe coronary arte- 
ry disease have contended that the electrocardiogram 
has poor or questionable predictive value in deter- 
mining the site of coronary lesions. In addition, 
many investigators have turned to the vectorcardio- 
gram on the assumption that it is a more accurate 
indicator of myocardial damage. 1* 2? 

Our study demonstrates that the electrocardio- 
gram can predict the sites of coronary lesions and 
ventricular asynergy under certain specific condi- 
tions. The following patterns emerge: 

When an anterior myocardial infarction is shown 
on the electrocardiogram, the left anterior descend- 
ing coronary artery is almost always severely ob- 
structed. Even in those few cases in which it is not 
critically stenosed, evidence of atherosclerotic dis- 
ease can be shown, and this may well represent re- 
canalization of a previous obstruction. Ventricular 
asynergy is present in 84 percent of patients with an- 
terior myocardial infarction, and always involves 
those segments of the ventricular wall subserved by 
the left anterior descending artery. Conversely, iso- 
lated inferior zone asynergy was not observed in any 
patient with anterior myocardial infarction. 

The angiographic findings in inferior myocardial 
infarction were less specific than in anterior myocar- 


dial infarction, and there was a more diffuse distri- 
bution of coronary lesions. Of interest was the find- 
ing of 5 patients with inferior myocardial infarction 
and disease confined to the left anterior descending 
artery. This vessel coursed around and curved under 
the apex of the left ventricle in 3 patients. We postu- 
late that this protracted distribution of the left ante- 
rior descending artery was responsible for infarction 
of the inferior wall when this artery, which subserved 
this area in these patients, was obstructed proximally. 

When both anterior myocardial infarction and in- 
ferior myocardial infarction are present, multivessel 
disease is almost always found, usually accompanied 
by multiple sites of asynergy. Multiple vessel in- 
volvement was present in 67 percent of the patients 
in this study, indicating that multiple involvement 
of the coronary vascular bed is usually present when 
the patient has clinically significant symptoms of 
coronary artery disease. 

Normal ventricular wall motion was found in 18 
percent of all cases, with the highest percentage (26 
percent) noted in the subgroup with inferior myocar- 
dial infarction. The lesser frequency of inferior wall 
asynergy may be due to (1) the dual blood supply to 
the inferior wall region from both right and left cir- 
cumflex coronary arteries or (2) undetected subtle 
wall motion abnormalities in the ventriculograms. It 
is unlikely that this resulted from use of the right 
anterior oblique projection alone, since asynergy is 
not seen in the left anterior oblique projection in the 
absence of asynergy in the right anterior oblique pro- 
jection.?% 

Clinical implications: From the foregoing, it is 
clear that the electrocardiogram can be used as an 
index to indicate reliably the location and severity 
(number of sites) of coronary arterial and ventricular 
wall lesions in patients with coronary heart disease. 
It is important to stress correlations of the electro- 
cardiogram with the coronary and left ventricular 
angiogram in the living person. Most previous stud- 
ies have attempted to correlate graphic changes with 
postmortem findings. The approach used in our study 
gives a dynamic dimension to the determinations, 
and therefore has increased functional significance 
for the patient with coronary heart disease. 
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Although cardiac output was on the average higher (P <0.001) in 
patients with renal arterial disease (42 patients) than in those with 
essential hypertension (88 patients), levels varied widely within the 2 
groups. To determine the possible role of cardiac output variations in 
the hypertension associated with renovascular lesions, 2 studies 
were undertaken: (1) Preoperative hemodynamic indexes were stud- 
ied in relation to arterial pressure response to surgical treatment of 
the renovascular lesion (12 patients). After anatomically successful 
surgery (nephrectomy or arterial repair), blood pressure was sub- 
stantially reduced in 6 patients, and in 5 of the 6 the reduction was 
associated with a decrease in peripheral resistance. In the other 6 
with persistent postoperative hypertension, hemodynamic changes 
were mixed. Response to surgery was not related to preoperative 
levels of cardiac output. (2) Correlations between cardiac output and 
arterial pressure were examined in hypertensive patients of the 
same age group, 67 with essential hypertension and 35 with renal 
arterial disease. Among patients with essential hypertension, arterial 
pressure correlated significantly only with peripheral resistance (r = 
0.596, P <0.001); in contrast, arterial pressure in patients with 
renovascular hypertension correlated with both cardiac index and 
total peripheral resistance (P <0.025 and <0.05, respectively). 
Along with increased output, patients with renal arterial disease also 
had increased total peripheral resistance (P <0.001). Thus, although 
increased cardiac output is a frequent finding in, and possibly a con- 
tributor to, renovascular hypertension, it does not appear to be the 
major factor responsible for its maintenance. 


Repeated studies!-* have shown that hypertensive patients with 
renal arterial disease tend as a group to have a higher level of cardiac 
output than patients with essential hypertension. However, the sig- 
nificance of this finding in relation to hypertension is not clear; pa- 
tients with renal arterial disease show a wide spectrum of output 
values and the higher average reported for the group does not mean 
that cardiac output is increased in each individual patient. 

Studies in rats®-§ and dogs? have suggested that increased blood 
flow plays a role in the initiation of renovascular hypertension, but 
its function in the maintenance of increased arterial pressure may be 
different. In these experiments, cardiac output returned to or toward 
normal as hypertension became established; however, in patients 
with renal arterial disease, we found no apparent relation between 
the level of output and duration of hypertension. Therefore, to help 
evaluate the role of systemic blood flow in this type of hypertension, 
we sought to determine whether any relation could be found between 
the preoperative hemodynamic indexes and responses of blood pres- 
sure to surgical treatment in 12 patients with renal arterial disease. 
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Since initial results did not show a correspondence 
between increased cardiac output and pressure reduc- 
tion by surgical treatment, another approach was used 
to investigate this problem on a broader basis. This in- 
volved a study of the correlation between cardiac 
output and arterial pressure levels within 2 well-de- 
fined groups: 1 group of 42 patients with renal arteri- 
al disease and 1 group of 88 patients with fixed es- 
sential hypertension. 

The combined results of both lines of investigation 
suggested that, although increased cardiac output 
was a frequent finding in renovascular hypertension, 
it was not the major factor responsible for its main- 
tenance. 


Methods 


Patients studied included 42 with renal arterial disease 
and 88 with essential hypertension; all were participants 
in the long-term investigative program of the Research 
Division of the Cleveland Clinic, and the hemodynamic 
findings in some of them have been previously reported.? 
Each patient had had extensive investigations including 
selective renal arteriography to define as exactly as possi- 
ble the type of hypertension; special tests for pheochromo- 
cytoma or primary aldosteronism were performed when 
clinically indicated. None of the patients reported here 
had had malignant hypertension or any evidence of cardi- 
ac decompensation; creatinine clearance values were 
greater than 70 ml/min in all. The diagnosis of renal arte- 
rial disease was based on the angiographic demonstration 
of a stenosing vascular lesion. The demonstration of such 
a lesion offers no absolute proof that it is responsible for 
the hypertension but, except for response to surgical 
treatment, no other test provides such proof. 


TABLE | 


Hemodynamic studies were performed in the morning 
under basal conditions utilizing standard methods pre- 
viously reported in detail.? All forms of antihypertensive 
therapy were discontinued in all patients at least 4 weeks 
before the study. Cardiac output was determined by the 
dye-dilution (indocyanine green) method, and the curves 
calculated by classic Hamilton-Stewart technique’; the 
values reported are averages of at least 3 successive deter- 
minations over 10 to 15 minutes with less than 10 percent 
variation between curves.9 Mean arterial pressure was cal- 
culated from direct intraarterial tracings by adding one 
third of pulse pressure to the diastolic blood pressure. 
Total peripheral resistance was calculated on the basis of 
cardiac index rather than‘output (dividing mean arterial 
pressure by cardiac index) and expressed in arbitrary 
units; this was done because although arterial pressure is 
not related to body size, cardiac output is,1° and some 
correction for differing surface areas had to be introduced 
in the calculation of peripheral resistance. 

Twelve patients with renal arterial disease were treated 
surgically; the others were not operated upon because of 
bilateral disease, inoperable lesions or moderate levels of 
hypertension. These 12 patients included 6 with different 
types of fibrous disease,11 5 with stenosing atherosclerosis 
and 1 with multiple renal arterial aneurysms of undeter- 
mined type. Unilateral nephrectomy was performed in 4 
and partial nephrectomy in 1. Relief of arterial stenosis by 
endarterectomy, saphenous vein bypass graft or splenore- 
nal shunt was achieved in the other 7, and in all patients 
postoperative selective renal arteriography documented 
the anatomic success of the repair. Hemodynamic studies 
were repeated 3 to 18 months postoperatively; in the 6 pa- 
tients who became normotensive, cardiac output was 
measured 3 to 7 months postoperatively in 5 (median 5 
months) and 18 months in the sixth; in the 6 who re- 
mained hypertensive, the studies were repeated 3 to 11 


Hemodynamic Changes After Surgical Treatment of Renal Arterial Disease 





Arterial Pressure (mm Hg) 


Total Peripheral 








Cardiac Index Resistance Plasma Renin Activity 
re Week’s Average Mean During Study (liters/min per m?) (units/m2) (ng/ml per 4 hr) 
no. Pre Post Pre Post Pre Post Pre Post Pre Post 
A. Postoperative Normalization of Arterial Pressure 

1 159/103 127/87 132 102 2.83 2.84 47 36 2.8 0.4 
2 160/98 126/78 109 97 3.30 2.73 33 36 ign 

3 210/115 153/86 158 114 3.16 3.64 50 31 12.0 0.9 

4 187/100 133/82 125 108 2.75 2.92 46 37 3.0 1.6 

5 152/100 119/78 105 80 2.73 2.80 39 28 0.5 0.4 

6* 175/94 120/80 141-114 96 2.20-2.42 3.25 64-47 29 9.2 4.0 

B. Postoperative Arterial Pressure Substantially Unchanged 

192/104 183/113 133 130 3.21 3.60 42 36 3.6 3.2 

8* 195/127 178/121 159 145 3.33 2.38 48 60 vt eg 

9 175/103 172/101 144 146 4.09 2.13 37 54 1.2 0.8 

10 149/97 138/100 141 136 5.30 2.93 27 46 2.0 0.4 

11 180/98 160/92 130 130 3.54 3.55 37 37 3.2 El 

12 178/112 156/110 130 142 2.14 2.52 62 57 1.8 2.0 


E ANRA E N A A S E S O a ee EE ESAE E en EE 
* Patient 6 had 2 hemodynamic studies, 10 days apart, just before surgery; mean arterial pressure variation between the 2 studies was 
due toa change in resistance rather than in output. Preoperative plasma renin activity value corresponds to that of the first study. 
Post = postoperative; Pre = preoperative. 
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FIGURE 1. Changes of hemodynamic indexes in 6 patients with 
renal arterial disease whose hypertension remitted following 
surgical treatment. Cl = cardiac index; MAP = mean arterial 
pressure; TPR = total peripheral resistance. 


months postoperatively (median 5 months) in 5 and 14 
months in the sixth. On repeat study, none of the 12 pa- 
tients were anemic or febrile or were receiving antihyper- 
tensive medication; all had returned to normal activities. 

Standard statistical methods? were used to calculate 
Student’s t tests, chi-square values (with Yates’ correc- 
tion) and correlation coefficients (r) and to determine 
their statistical significance. 


Results 


Hemodynamic Indexes and Response to Surgical 
Treatment 


Twelve patients with renal arterial disease were 
treated surgically. The decision for surgery was 
based on careful interpretation of clinical and radio- 
logic data without regard to plasma renin activity or 
hemodynamic indexes. 

Preoperative hemodynamic studies of these 12 pa- 
tients showed a wide spectrum of cardiac output and 
arterial pressure levels (Table I). Cardiac index 
ranged from 2.20 to 5.30 liters/min per m?, blood 
pressure (week’s average) from 160/98 to 195/127 
mm Hg and total peripheral resistance from 33 to 64 
units. Thus, despite this group’s small size, it was 
reasonably representative of the total number of pa- 
tients with renal arterial disease studied under the 


TABLE Il 


Hemodynamic Indexes in 130 Patients with Hypertension 
(88 Essential and 42 Renovascular) 





Hypertension (mean + SEM) 





Essential Renovascular P Value 
Blood pressure 
(mm Hg) 

Systolic 181° +3.3 191 + 4.1 >0.05 
Diastolic 103. + 1.6 101 +2.0 NS 
Cl 2.81 + 0.05 3.44+0.11 <0.001 
TPR (units) 471.1 = 1.0 39.6 + 1.1 <0.005 


eT ee Sek Pee Blk, SAREE OR oS 

Cl = cardiac index (liters/min per m2); NS = nonsignificant; 
TPR = total peripheral resistance index calculated as the ratio of 
mean arterial pressure to cardiac index. 
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FIGURE 2. Changes of hemodynamic indexes in 6 patients with 
renal arterial disease with persistent postoperative hypertension 
despite “anatomically successful” surgery (see text). Abbrevia- 
tions as in Figure 1. 


same conditions (see later). Of the 12 patients oper- 
ated upon, 6 responded to surgical treatment with 
decrease of arterial pressure to within the normal 
range; the other 6 achieved no substantial benefit. 
There was no relation between preoperative level 
cardiac output and response of arterial pressure to 
surgery (Table I). 

Although findings differed in individual patients, 
the commonest change (5 of 6 patients whose hyper- 
tension remitted) was a reduction of total peripheral 
resistance (Fig. 1). In patients with persistent post- 
operative hypertension, peripheral resistance showed 
mixed changes; it was increased in 3, reduced in 2 
and unchanged in 1 patient (Fig. 2). Four of these 6 
patients had increased cardiac output (>3.30 liters/ 
min per m?) preoperatively; postoperatively, output 
was reduced and resistance increased in 3 of the 4 
(Table I). 

Peripheral plasma renin activity: In 10 of 12 
surgically treated patients, peripheral plasma renin 
activity was determined (modified Pickens’ meth- 
od13) both pre- and postoperatively at the time of 
the hemodynamic study. No dietary restrictions or 
sodium manipulations were imposed at either time; 
plasma samples were obtained before the cardiac 
output determinations, after the patients had been 
lying down for at least 30 minutes. Postoperative 
plasma renin activity was lower than the preopera- 
tive level in 7 of 10 patients, 4 of 5 from the group 
whose arterial pressure decreased postoperatively 
and 3 of 5 from the group with persistent hyperten- 
sion (Table I). Paired t test showed that the average 
reduction for the 10 patients (from 3.93 to 1.48 ng/ 
ml, standard error of difference = 1.06) was statisti- 
cally significant (P <0.05). 3 


Comparison of Hemodynamic Indexes in the 2 
Groups with Hypertension 


Distribution of cardiac output among patients 
with essential hypertension and those with renal 
arterial disease: Cardiac index ranged widely, from 
2.0 to 5.4 liters/min per m?, in both groups but was, 
on the average, significantly higher in patients with 
renal arterial disease (P <0.001) (Table II). This dif- 
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FIGURE 3. Distribution of cardiac index in 42 patients with renal 
arterial disease (RAD) and 88 patients with essential hyperten- 
sion (EH). The difference in the incidence of high (>3.3) and of 
low (<2.7) cardiac index in the 2 groups was significant (chi 
Square = 15.63 and 14.93, respectively, P <0.01 for both). 


ference in averages was due to the different distribu- 
tion of cardiac output values among the 2 groups of 
patients. Since the cardiac index for our laboratory 
averages 3.04 liters/min per m? (standard error 
0.09),3 patients in the 2 hypertensive groups were 
arbitrarily divided into 3 categories: (1) cardiac 
index less than 2.7, (2) cardiac index between 2.7 
and 3.3, and (3) cardiac index higher than 3.3 (Fig. 
3). The difference between the 2 groups in the inci- 
dence of either low or high values of output was sig- 
nificant (chi square = 14.93 and 15.63, respectively). 
There was no apparent relation between the level of 
output and estimated duration of hypertension in 
patients with renal arterial disease. 

Total peripheral resistance was significantly greater 
than normal in both hypertensive groups (normal for 
this laboratory = 29.8 + 0.91) (Fig. 4); not only did 
patients with renal arterial disease have a high level 
of peripheral resistance as a group (39.6 vs. 29.8, P 
<0.001), but also the 22 with increased cardiac index 
(>3.3 liters/min per m?) had a significantly higher 
level of resistance than normal (34.2 + 1.4, P <0.02). 

Correlation between cardiac output and arterial 
pressure levels: To determine more precisely the 
role of systemic blood flow in hypertension, cardiac 
output and arterial pressure values were correlated 
within each group under stricter conditions. Correla- 
tions were limited to patients within the same age 
group (35 to 55 years) since earlier unpublished ob- 
servations had shown a slight inverse correlation be- 
tween age and cardiac index when a wider age range 
was used (Table III). Thus, the following correlations 
were based on hemodynamic studies of 67 patients 
with essential hypertension and 35 with renal arteri- 
al disease, all between 35 and 55 years of age. 


Cardiac index 


L/min/M2 
mmHg /L/M2 





RAD EH 
FIGURE 4. Cardiac index and total peripheral resistance (TPR) 
in 130 hypertensive patients, 88 with essential hypertension 
(EH) and 42 with renal arterial disease (RAD). 


RAD EH 


Among patients with essential hypertension, arte- 
rial pressure (systolic, diastolic or mean) correlated 
significantly with peripheral resistance only (P 
<0.001 for all); there was no correlation between any 
of these arterial pressures and cardiac index (Table 
IV). In contrast, arterial pressure in patients with 
renal arterial disease correlated with both cardiac 
index and total peripheral resistance. Since the type 
of hypertension of those patients with renal arterial 
disease who did not respond to surgical repair or ne- 
phrectomy could be questioned, the correlations be- 
tween arterial pressure and hemodynamic indexes 
were recalculated without their data; the results re- 
mained substantially unchanged (Table V). Similar- 
ly, the results were materially unaltered when the 
correlations were calculated for all patients irrespec- 
tive of age (Table V). 

Discussion 

Cardiac output ranged widely among hypertensive 
patients with renal arterial disease but with a defi- 
nite prevalence of higher values (Fig. 3). Similar 
variations were also found in patients with essential 
hypertension, as reported by others.14:15 The main 
difference between the 2 groups was in the distribu- 
tion within each group of the different levels of out- 
put; the skewing toward higher levels in patients 
with renal arterial disease contrasted with the lower 
incidence of these values in those with the essential 
type of hypertension (P <0.005). On the other hand, 
decreased output was significantly (P <0.005) more 
frequent among patients with essential hypertension. 
This resulted in a highly significant difference in av- 
erage cardiac output between the 2 groups (P 


TABLE Ill 
Correlation Between Cardiac Index and Age (18 to 55 years) 


Correlation 
Coefficient 
Group r P Value 
Normotensive (25) 0.137 NS 
Essential hypertension (80) —0.212 <0.05 
Renal arterial disease (34) —0.103 NS 


Figures in parentheses indicate number of patients. 
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TABLE IV 


Relation of Arterial Pressure to Cardiac Index and Total 
Peripheral Resistance in Patients with Essential 
Hypertension or Renal Arterial Disease 





Correlation with 


Total Peripheral 





Blood Cardiac Index Resistance 
Pressure eK No BRT EE PO ONNO Ln 
(mm Hg) r P r P 

A. Essential Hypertension (67 patients) 
Systolic 0.053 NS 0.548 >0.001 
Diastolic —0.008 NS 0.582 >0.001 
Mean arterial —0.012 NS 0.596 >0.001 


B. Renal Arterial Disease (35 patients) 
Systolic 0.358 >0.05 0.354 >0.05 





Diastolic 0.380 >0.025 0.347 >0.05 
Mean arterial 0.400 >0.025 0.374 >0.05 
TABLE V 


Relation of Mean Arterial Pressure to Cardiac Index and 
Total Peripheral Resistance in Different Groups of 
Hypertensive Patients 


Correlation with 
Cardiac Index TPR 
Group r P r P 


A. Essential Hypertension 


1. Age 35-55 (67) —0.012 NS 0.596 
2. All ages (88) 0.014 NS 0.512 


B. Renal Arterial Disease 


1. Age 35-55 (35) 0.400 <0.025 0.374 <0.05 
2. Age 35-55, excluding 
‘‘nonresponders” (29) 


3. All ages (42) 


0.484 <0.01 0.361 <0.05 
0.306 <0.05 0.383 


Figures in parentheses indicate number of patients. 


<0.001) (Table II). The failure of smaller series!®:17 
to demonstrate this difference is probably due to the 
wide range of output among hypertensive patients of 
both groups. 

This wide range of variation might lead to a ques- 
tioning of the biological, as opposed to the statisti- 
cal, importance of differences in “averages.” We at- 
tempted to answer that question in part by investi- 
gating the hemodynamic correlates of arterial pres- 
sure in both types of hypertension. This uncovered a 
marked difference in hemodynamic patterns. The ar- 
terial pressure of patients with essential hyperten- 
sion correlated only with total peripheral resistance, 
whereas in patients with renal arterial disease, pres- 
sure correlated significantly with both peripheral re- 
sistance and cardiac output (Table IV). These find- 


ings in human renovascular disease are in agreement 
with results of experimental studies; in the later 
stages of hypertension produced by renal arterial clip- 
ping or perinephritic scarring, cardiac output re- 
turned toward (but not always to) normal levels as 
peripheral resistance increased.5-7 Thus, both output 
and resistance combined in differing proportions to 
sustain the increase in pressure. 

Role of increased cardiac output: The frequent 
occurrence of increased cardiac output in renal arte- 
rial disease and its positive correlation with levels of 
arterial pressure might indicate that increased out- 
put plays an important role in this type of hyperten- 
sion. However, this conclusion would not be entirely 
valid because of 3 considerations: (1) the occurrence 
of hypertension despite reduced cardiac output in 
some patients, (2) the increased total peripheral re- 
sistance encountered even in those with a high level 
of output, and (3) the postoperative hemodynamic 
changes. The first observation indicates that in- 
creased output was not indispensable for the mainte- 
nance of renovascular hypertension. In fact, the 
hemodynamic pattern in that type of hypertension 
was characterized as much by increased resistance as 
by a high level of average output. The pattern thus 
differed from that in labile hypertension, in which 
output is increased but resistance is normal.3-10.18,19 
Furthermore, acute or sustained reduction in cardiac 
output does not necessarily lead to reduction in arte- 
rial pressure in either essential or renovascular hy- 
pertension.?°:21 However, although increased cardiac 
output is apparently not essential for the mainte- 
nance of renovascular hypertension, its recognition 
was important in pointing to the hemodynamic 
heterogeneity of different types of hypertension.‘ 

Role of increased peripheral resistance: The 
probably overriding importance of increased periph- 
eral resistance in the maintenance of renovascular 
hypertension was shown mainly by postoperative 
hemodynamic changes. After anatomically successful 
repair of the arterial lesion or unilateral nephrecto- 
my, reduction of arterial pressure was more often as- 
sociated with a reduction in resistance than with de- 
crease of cardiac output. Similar observations were 
reported by Guedon et al.17 in 4 surgically treated 
patients. Consonant with this finding was the obser- 
vation that a good response to surgical treatment 
was not dependent on a high preoperative level of 
cardiac output. Among our 6 patients with persistent 
postoperative hypertension, 4 had increased cardiac 
output. 

Of the 12 patients operated upon, 5 had a preoper- 
ative cardiac index of 3.30 liters/min per m? or more. 
In all but 1, cardiac index was reduced postopera- 
tively irrespective of the arterial pressure response. 
Although the number of patients studied is small, 
one may speculate that increased output in patients 
with renal arterial disease may be a sign of renovas- 
cular hypertension. It is doubtful, however, that it 
plays a major role in the maintenance of renovascu- 
lar hypertension in man. It must be noted that a 
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consideration of the factors associated with chronic 
hypertension naturally cannot reflect on factors re- 
sponsible for its initiation. 

Role of plasma renin activity: Although individ- 
ual values differed, plasma renin activity was sub- 
stantially decreased postoperatively in 7 of 10 pa- 


tients (Table I). This finding suggests that the renin 
system may indeed continue to play a role in many 
cases of chronic renovascular hypertension in man. 
However, the many variables involved preclude an 
exact assessment of its role in the small group of pa- 
tients studied. 
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Arterial pressure-plasma volume relations were studied during 4 
days of sodium deprivation followed by 3 days of sodium loading in 
14 patients with essential hypertension who had received no treat- 
ment for 1 to 2 months and in 5 patients with primary aldosteronism. 
Thirteen of the 14 patients with essential hypertension had previously 
had long-term treatment with hydrochlorothiazide or spironolactone, 
or both, which had maintained arterial pressure at normal levels. 
Arterial pressure and plasma volume were variably affected by 
manipulating sodium intake. However, during both sodium depriva- 
tion and loading, pressure and volume correlated directly: r = 
+0.576, P <0.01 during deprivation and r = +0.588, P <0.01 dur- 
ing loading. This association seemed to be independent of changes 
in plasma renin activity and aldosterone excretion. Information con- 
cerning pressure-volume relations during long-term diuretic treatment 
was available in 11 of the patients with essential hypertension. In 
these patients arterial pressure was found to correlate directly with 
plasma volume (r = +0.61, P <0.05). The results of these short- 
term studies of sodium manipulation and long-term studies of diuret- 
ic treatment indicate that certain types of essential hypertension and 
the hypertension accompanying primary aldosteronism are volume- 
dependent. They also suggest that, as antihypertensive agents, low 
sodium diets and diuretic drugs have a synonymous mode of action. 


In treatment of hypertensive patients, both low sodjum diets and di- 
uretic agents are often by themselves effective measures. The nega- 
tive sodium and water balances that occur early during therapy and 
the fact that sodium is important for development of various experi- 
mental hypertensions have repeatedly indicated that extracellular 
fluid plays a central role in hypertension. Yet, attempts throughout 
the years to relate these antihypertensive effects strictly to depletion 
of extracellular fluid volume proved unsuccessful.!-!! Because chlo- 
rothiazide diuretic agents diminish peripheral vascular reactivity!2:1 
and arterial pressure responses to norepinephrine,!4:15 increase 
venous capacitance,!*:!® reduce venous reflex responses,!* interfere 
with cardioinhibitory reflexes,1® decrease the vasoconstrictor effects 
of sympathetic nervous activity!9:2° and, in vitro, inhibit responsive- 
ness of arterial and venous segments to norepinephrine,2° it is now 
widely believed that the antihypertensive property of diuretic agents 
relates in large measure to these effects independent of influences on 
sodium and water balance. 

However, most types of untreated hypertension are characterized 
by subtle abnormalities of intravascular volume,?!:22 even though a 
clear role for extracellular fluid has been defined only in the hyper- 
tension accompanying chronic renal failure. This type is usually the 
result of expansion of extracellular fluid and is therefore predomi- 
nantly volume-dependent.?*-?® Additionally, a direct relation be- 
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Effects of Various Levels of Sodium Intake on Sodium Excretion, Body Weight, Supine Arterial Pressure, Plasma Volume, 


Plasma Renin Activity and Aldosterone Excretory Rate 


LE a AS ee Dos a ee a 


Losses with Low 

















Na PV (% of normal) PRA (ng/ml) AER (ug/24 hr) 
BPM eee JS Supine Blood Pressure (mm H aia Xe 
Case Na(mEq/ Wt ay PIAS Piona Fieemure (ram HO) Low High Low High Low High 
no. kg) Percent C Low Na High Na C Na Na C Na Na C Na Na 
TERE O E Ry L AAA a RS ig ES h. E SE EE a 
Group 1. Essential Hypertension : Blood Pressure Normalized by Low Sodium Diet 

1 2.2 2.8 161/113 127/96 147/101 87 70 92 0.9 3.2... 0.8 a 34.4 15.7 

2 4.1 3.2 147/88 124/81 144/90 76 76 81 2.0 BO LD e 24.1 2.9 

3 3.0 3.0 182/113 137/88 159/98 90 77 87., 055 6:7. 0,8"> 10.3 45.3 10.6 

4 1.6 Lo 156/106 124/80 152/97 77 81 89 0.8 6:6—- 1:0 4.7 15.4 7.2 

5 1.8 1.5 174/110 154/82 164/94 83 71 81 0.9 EE 25 n A 42.8 15.1 

6 3.7 3:3 156/95 120/89 153/96 95 82 89 1.8 E I F< 7.9 16.6 8.7 

7 2.8 3.2 163/98 133/86 160/93 83 69 88 0.5 2203 dae 1.9 25.6 5.0 
Mean 2.8 2.6 161/103 131/86 154/95 84 75 Ts Bee | eh A 2B8* >” 28.3* 8.3* 

Group 2. Essential Hypertension: Blood Pressure Not Normalized by Low Sodium Diet 

8 2.4 3.6 154/104 142/93 145/98 93 89 Se 5.3 AS: 2.6 +). 138 36.6 10.8 

9 2.8 2.2 146/93 139/92 139/86 102 82 92 4.3 D EEA ? 1257 29.6 14.5 

10 1.9 1.3 172/110 160/110 166/110 89 80 88 2.0 30-27 128 23.8 12.8 

11 3.0 4.2 157/113 145/108 160/118 91 91 103 =1.0 fa Re 6.8 20.0 Va 

12 2.0 2.7 151/109 147/107 145/101 103 77 a 6.7 <a hat Gay 49.0 17:3 

13 4.7 3.9 164/113 171/114 158/103 88 81 OF 2d Os O 3.2 25.0 3.6 

14 1.1 1.5 182/108 154/97 171/100 92 81 OF iT 28 Bk 0.5 6.7 22.8 5.8 
Mean 2.6 2.8 161/107 151/103 152/102 94 83 101 §=3.4 A eae S: G3- -26.3f 9.2+ 

Group 3. Primary Aldosteronism 

15 2.9 4.0 147/99 137/94 (r 138/94 112 96 100 1.9 B29 >. 037. |, 2055 35.7 44.1 

16 3.0 2.9 167/108 138/98 165/118 88 81 98 D 0 0 72.9 46.0 46.7 

17 1.5 1.8 208/132 214/123 200/132 118 108 1 2G oi od. Aaa 036°: 4455 50.0 50.0 

18 1:3 1.3 147/95 152/90 149/89 93 80 94 =1.2 OE eng: Oe aime VN 19.0 14.6 

19 35 1,5 162/118 140/108 152/109 105 98 106 ~=—s«O..5 Le. 1.4 i S l 32.2 34.0 

Mean 2:5 2.3 166/110 151/102 165/104 103 92 UEPI Ress C2 ~Sa.3 36.6 37.7 


Rte STS Sid With EE Fe oe CESS yee a ee ee eee ee eee ee eee en eee 


* Means for group excluding values of Patient 1 because control aldosterone excretion rate was not obtained and sodium loading 


was given for only 2 days. 


+ Means for group excluding Patient 12 because sodium loading was given for only 2 days. 
AER = aldosterone excretion rate; BP = arterial pressure; C = control; high Na = 3 days of sodium loading; low Na = 4 days of 
sodium deprivation; PRA = plasma renin activity; PV = plasma volume; Wt = weight. 


tween intravascular volume and diastolic arterial 
pressure has been reported in nonuremic patients 
with pyelonephritis and hypertension??:?‘ as well as 
in a patient with terminal glomerulonephritic hyper- 
tension.?® 

There is substantial evidence that the antihyper- 
tensive effects of all diuretic agents are similar if 
they are given in equivalent diuretic doses?9.11,16,29- 
31 although they differ in structure and in primary 
site of renal action. Spironolactone, as an aldoste- 
rone antagonist, is considered specific therapy for 
hypertension of primary aldosteronism,??:3° but it 
has a major diuretic effect during long-term use in 
other situations as well.?4 Also, in contrast to earlier 
findings,®°:® recent studies have shown that treat- 
ment with chlorothiazide or its cogeners is associated 
with sustained reductions of plasma volume.*°-?" Fi- 
nally, we have found arterial pressure to be a direct 
function of intravascular volume in patients treated 
with combinations of adrenergic blocking drugs and 


diuretic agents.2® Although contemporary eating 
habits make the low sodium diet impractical treat- 
ment, past experience suggests that its mechanism of 
action as an antihypertensive agent may be identical 
with that of diuretic drugs. It not only produces and 
sustains sodium deficits? but also reduces arterial 
pressure responses to exogenously administered pres- 
sor agents.?9-41 

To investigate the possibility that the low sodium 
diet and diuretic agents have synonymous antihyper- 
tensive effects, we compared arterial pressure re- 
sponses during short-term manipulations of sodium 
intake with those found in the same patients during 
long-term diuretic treatment. The effects of short- 
term manipulations of sodium intake were also stud- 
ied in patients with primary aldosteronism. The re- 
sults suggest that (1) the antihypertensive effects of 
low sodium diets and diuretic agents are synony- 
mous, (2) during such treatment arterial pressure is 
directly related to intravascular volume, and (3) cer- 
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tain types of nonrenal hypertension, including pri- 
mary aldosteronism, are volume-dependent. 


Methods 


Patients: Fourteen patients with essential hypertension 
and 5 with primary aldosteronism were studied. Of the 
patients with essential hypertension, 11 were men and 3 
were women; they ranged in age from 38 to 65 years (me- 
dian age 45 years). All but 1 were part of our longitudinal 
study of hypertension. Diagnosis of essential hypertension 
was established by excluding known causes of hyperten- 
sion through urinalysis, intravenous urography, renal arte- 
riography and measurements of catecholamine excretion 
rates whenever indicated. Measurement of aldosterone ex- 
cretion rate and plasma renin activity in response to sodi- 
um deprivation and sodium loading (Table I) were also 
obtained. The 5 patients with primary aldosteronism were 
29 to 58 years old; 4 were women. The diagnosis of pri- 
mary aldosteronism was indicated during manipulations 
of sodium intake by increases in serum potassium during 
salt restriction and marked kaliuresis with reappearance 
of hypokalemia during salt loading. In 4 patients it was 
confirmed by the finding of a high aldosterone excretion 
rate which was not suppressed by sodium loading and by 
the level of plasma renin activity which, although abnor- 
mally low in only 1 patient, was not modified by sodium 
restriction (Table I). In the other patient (Case 18), al- 
though aldosterone excretion rate was not strikingly ele- 
vated, it was not modified by manipulation of sodium in- 
take. This, plus the patient’s prolonged hypokalemia, its 
repair with sodium deprivation and recurrence with load- 
ing, the presence of nonresponsive plasma renin activity, 
and previous excellent arterial pressure control with spiro- 
nolactone, seemed adequate evidence for a diagnosis of 
primary aldosteronism. Adrenal venography in 3 patients 
(Cases 15 to 17) revealed a solitary tumor, and surgical 
exploration substantiated the radiographic diagnosis. 

Short-term studies—sodium restriction and sodium 
loading: All patients were admitted to the hospital; if 
they had been receiving treatment for hypertension, all 
drugs were discontinued 1 to 2 months before admission. In 
the hospital, after a few days of consuming the house diet 
while control measurements were made, each patient re- 
ceived a diet containing 9 mEq of sodium and 80 mKq of 
potassium for 7 days. Days 1 to 4 comprised the period of 
sodium restriction, and on the first day 2 ml of Mercuhy- 
drin® was given intramuscularly. Days 5 to 7 comprised 
the period of sodium loading with each patient receiving 
daily 25 ml/kg body weight of 0.9 percent sodium chloride 
solution intravenously between 10 AM and 2 PM. The 
same amount was given each day and was calculated from 
body weight on the morning of Day 1. 

The following measurements were made: supine and 
standing brachial arterial pressure (4 times daily); body 
weight, serum concentrations of sodium, potassium and 
creatinine (daily); total blood and plasma volumes and 
plasma renin activity (at the end of control period, after 4 
days of sodium restriction and after 3 days of sodium 
loading); aldosterone excretion rate (during control periods, 
during the fourth day of sodium restriction and each day of 
sodium loading). Serum and urinary sodium and potassium 
concentrations were measured by internal standard flame 
photometry. Plasma volume was calculated from the 
volume of distribution of 2.5 ue 125I-labeled human serum 
albumin as previously described.21 This measurement 
was made in the morning after at least 30 minutes of supine 
rest. At the same time blood samples were obtained for 


estimation of plasma renin activity by a modification of the 
Pickens method.4?:43 Urinary aldosterone was measured by 
a modification*t of a previously described gas-liquid 
chromatographic method.*® 

To minimize the influence of differences in body fat, 
plasma volume was expressed in relation to height (milli- 
liters per centimeter) rather than body weight.*®-47 As pre- 
viously emphasized,” this procedure is important in hy- 
pertensive patients, who tend to be fatter than normoten- 
sive control subjects. Because women normally have a 
lower level of plasma volume than men, it was necessary 
in this study to express results in percent of normal. Fur- 
ther, although total blood volume is likely to be the sig- 
nificant hemodynamic variable, changes in plasma vol- 
ume were considered to represent changes in total blood 
volume since red cell mass did not change during these 
studies. 

Long-term studies of diuretic responses: Thirteen of 
the 14 patients with essential hypertension studied during 
manipulations of sodium intake had been followed up for 
3 to 25 years. In each, treatment with hydrochlorothiazide 
or spironolactone, or both, for months or years had re- 
duced arterial pressure to normal, or practically normal, 
levels. In 8, this treatment had been chosen because hyp- 
ervolemia or normovolemia, considered to be inappro- 
priate for the level of diastolic arterial pressure,?? had 
suggested that their hypertension might be related to ex- 
pansion of extracellular fluid. The other 5 patients were 
hypovolemic before treatment. The usual dosage of hydro- 
chlorothiazide was 25 mg, twice daily, although occasion- 
ally it was increased to 50 mg, twice daily. Spironolactone 
was usually given in a dose of 25 mg, 4 times daily, but in 
some patients it was reduced to 25 mg, twice daily, when 
the level of arterial pressure had decreased to normal. 
Each patient measured arterial pressure at home twice 
daily. In 11 patients sequential blood volume measure- 
ments during treatment were available for comparison 
with results obtained during the short-term studies. 

Analysis of results: To present the data from the 
short-term manipulations of sodium intake, we grouped 
the patients with essential hypertension according to their 
arterial pressure responses to sodium deprivation. In 
Group | there were 7 patients whose arterial pressure dur- 
ing the 4 days of a 9 mEq sodium diet averaged less than 
130 mm Hg systolic or less than 90 mm Hg diastolic. In 
Group 2 there were 7 patients who sustained less, or no, 
reduction of arterial pressure during that period. Group 3 
comprised the 5 patients with primary aldosteronism. 

Statistical analyses were carried out using Student’s t 
test to establish significance of difference between means 
and the F test for significance of correlation coefficients.*® 


Results 


Short-Term Studies: Sodium Deprivation and Sodium 
Loading 


Control observations (Table I): The 3 groups of 
patients happened to have the same average level of 
arterial pressure during control periods. However, 
they were distinguished by other features. Those who 
subsequently became normotensive during 4 days of 
sodium deprivation (Group 1) had a significantly 
lower level of plasma volume (P <0.01) than those 
whose hypertension did not respond (Group 2) or 
those with primary aldosteronism (Group 3). Ex- 
pressed as percent of normal, group values averaged 
84, 94 and 103, respectively, for Groups 1, 2 and 3. 
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These differences could not be attributed to differ- 
ences in sodium intake during the control period. 
During this time body weight was stable, and urinary 
sodium excretion for the 3 groups averaged 150, 163 
and 130 mEq/day, respectively. In the patients with 
essential hypertension who had been previously 
treated with diuretic agents, reduction in plasma 
volume did not represent a persistent effect since we 
had previously shown*® that by a month after such 
treatment had been stopped, plasma volume had at- 
tained pretreatment levels. Patients in Groups 1 and 
3 had a lower level of plasma renin activity than pa- 
tients in Group 2 (P <0.05) and, except for 1 patient 
with primary aldosteronism and absent plasma renin 
activity, their values were within the normal range. 
Average aldosterone excretion rates were similar in 
Groups 1 and 2 and distinctly increased in Group 3. 
Sodium deprivation (Table I): Sodium depriva- 
tion for 4 days produced similar total urinary sodium 
excretion in each group when expressed in relation to 
body weight and similar percentile weight losses. Ar- 
terial pressure decreased so promptly in patients in 
Group 1 that during the 4 day period it averaged 
131/86 in contrast to a control value of 161/103 mm 


TABLE II 
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FIGURE 1. Average diastolic arterial pressure (DBP) during so- 
dium deprivation plotted against plasma volume (PV) measured 
after 4 days of depletion. Studies were performed in men 
(closed circles) and women (open circles) with essential hyper- 
tension and in patients with primary aldosteronism (open 
squares). Plasma volume is expressed in percent of normal be- 
cause of naturally occurring sex differences. 


Effect of Sodium Loading on Arterial Pressure, Sodium Excretion and Body Weight After 3 Days of Sodium Deprivation 





Supine Blood Pressure (mm Hg) 








Na Excretion Body Wt.* 
Low N High k 
Case wit Se See Na Load Pg E S Eo. AT 
no. C Days 1-4 Day 5 Day 6 Day7 (mEq/day) Day5 Day6  Day7 Total Before After 
Group 1. Essential Hypertension : Blood Pressure Normalized by Low Sodium Diet 

1 161/113 127/96 138/95 139/94 167/117 401 6 71 ee ad 88.1 90.1 

2 147/88 124/81 140/90 136/84 149/92 197 23 74 93 63 49.0 49.6 

3 181/113 137/88 131/82 159/97 168/106 286 17 95 122 78 71.8 72.2 

4 156/106 124/80 140/91 148/97 152/98 294 9 83 103 66 73.0 74.5 

5 174/110 154/82 158/90 165/89 171/94 224 21 69 88 59 57.7 58.7 

6 156/95 120/89 139/86 146/96 153/93 309 27 90 90 69 78.1 79.1 

7 163/98 133/86 154/89 144/93 173/99 191 15 70 98 66 48.4 49.2 
Mean 161/103 131/86 143/89 148/93 162/99 272 17 73 98 66 

Group 2. Essential Hypertension : Blood Pressure not Normalized by Low Na 

8 154/104 142/93 143/99 148/99 143/98 471 10 86 108 68 107.2 108.1 

9 146/93 139/92 149/92 138/84 134/85 349 25 76 89 63 83.8 84.2 

10 172/110 160/110 164/115 164/118 170/106 293 44 119 72 78 74.0 73.6 

11 157/113 145/108 154/113 156/114 167/123 418 18 116 96 77 108.8 110.3 

12 151/109 147/107 160/104 141/97 shes 434 101 57 out Sia 111.1 112.9 

13 164/113 171/114 145/104 165/107 161/101 319 41 80 103 62 86.8 88.1 

14 182/108 154/97 148/87 175/102 168/101 417 37 107 95 80 103.2 103.0 
Mean 161/107 151/103 151/102 155/103 157/103 385 39 92 93 71 

Group 3. Primary Aldosteronism 

15 147/99 137/94 134/93 138/90 144/101 234 97 76 109 94 61.1 60.3 

16 167/108 138/98 152/101 166/105 165/107 219 73 78 105 85 53.7 52.4 

17 208/132 214/123 196/123 207/131 203/120 340 56 140 104 100 92.0 91.7 

18 147/95 152/90 143/80 151/91 152/91 292 74 91 106 90 73.1 72.9 

19 162/118 146/100 148/98 147/90 165/106 332 84 100 108 97 83.1 82.7 
Mean 166/110 151/102 155/99 161/101 165/105 283 76 97 106 93 


i 


* Before = body weight on the morning of Day 5, after 4 days of sodium deprivation; after = body weight on the morning after Day 7, 
after 3 days of sodium loading. 
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Hg. In some patients in Groups 2 and 3, arterial 
pressure was considerably reduced but did not be- 
come normal. Accordingly, group averages were less, 
151/103 versus a control value of 161/107 mm Hg for 
Group 2 and 151/102 versus a control value of 166/ 
110 mm Hg for Group 3. Plasma volume was reduced 
and percentile reductions (11 percent) were similar 
for each group. This resulted in a more abnormally 
low average value in patients in Group 1 (75 percent 
of normal) and averages of 83 percent and 92 percent 
of normal for patients in Groups 2 and 3, respective- 
ly. When data from all 3 groups were considered to- 
gether, arterial pressure and plasma volume correlat- 
ed directly (r = +0.576, P <0.01) (Fig. 1). 

Plasma renin activity increased in both groups of 
patients with essential hypertension, and average 
values for this period were not significantly different 
between the 2 groups in contrast to the control 
values. Plasma renin activity was unchanged in the 
patients with primary aldosteronism. Aldosterone 
excretion increased equally in both groups of pa- 
tients with essential hypertension and was irregular- 
ly affected in Group 3. 

Sodium loading (Tables I and II): Each group 
handled the sodium load differently. Patients in 
Group 1 excreted significantly less on the first day 
than did patients in Group 2 (17 vs. 39 percent, P 
<0.005). A significant difference was not found be- 
tween the 2 groups during the last 2 days. The pa- 
tients with primary aldosteronism excreted much 
more: 76 percent of the salt load on the first day, 97 
percent the second and 106 percent the third. 
Changes in body weight during loading reflected the 
differences in sodium handling. Thus, in Group 1 
body weight increased by an average of 2 percent on 
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FIGURE 2. Relation of diastolic arterial pressure (DBP) during 
sodium loading to plasma volume (PV) at end of loading. Sym- 
bols as described in Figure 1. 


the first day of loading in contrast to 1.3 percent in 
Group 2 (P <0.05), although in Group 3 only 1 pa- 
tient gained slightly (0.6 percent), 1 did not change 
and 3 lost weight (—0.3 to —1.1 percent). After the 3 
day period of loading all but 1 patient (Case 14) in 
the 2 groups of patients with essential hypertension 
weighed more than before loading, having gained 
from 0.4 to 1.8 kg, whereas the 5 with primary aldo- 
steronism had lost weight (0.2 to 1.8 kg). 

Arterial pressure in Group 1 increased with each 
day’s saline infusion so that the average for the load- 
ing period approached but did not reach control 


Supine Arterial Pressure Responses (mm Hg) to Long-Term Treatment with Hydrochlorothiazide or 


Spironolactone, or Both, in Patients with Essential Hypertension 





Hydrochlorothiazide Spironolactone Both Together 
Case no. Control Treatment Case no. Control Treatment Case no. Control Treatment 
A. Patients Receiving 1 or 2 Regimens 
1 155/115 120/90 1 155/115 122/88 2 156/96 127/87 
2 156/96 126/82 2 156/96 126/84 7 174/98 127/78 
3 141/92 128/73 5 145/90 124/65 8 150/100 139/89 
5 145/90 130/68 6 183/119 113/76 9 160/95 136/84 
7 174/98 144/68 7 174/98 119/80 10 191/128 145/99 
9 160/95 147/85 9 160/95 137/84 11 171/128 122/96 
11 171/128 130/102 12 163/112 137/93 12 163/111 135/94 
12 163/111 138/98 sta 2s 13 192/126 114/74 
13 192/126 134/88 oe Tr 14 195/119 154/93 
Mean 159/106 133/84 162/104 125/82 172/111 133/88 
B. Patients Receiving All 3 Regimens 
2 156/96 126/82 126/84 127/87 
7 174/98 144/68 119/80 127/78 
9 160/95 147/85 137/84 136/84 
12 163/112 138/98 137/93 135/94 
Mean 163/100 139/83 128/86 131/86 
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FIGURE 3. Relation of diastolic arterial pressure (DBP) to plas- 


ma volume (PV) in 11 patients with essential hypertension dur- 
ing long-term treatment with hydrochlorothiazide or spironolac- 
tone, or both, Value for diastolic arterial pressure represents the 
average of supine arterial pressure readings taken at home dur- 


Ing the week of the plasma volume measurement. Abbreviations. 


and explanations as in Figure 1. 


values. Pressure averaged 154/95 mm Hg as opposed 
to 161/103 mm Hg during control periods and 131/85 
mm Hg with sodium deprivation. Arterial pressure of 
patients in Group 2 was unaffected, and in Group 3 
it either increased or was unchanged. Plasma volume 
increased in all patients to values that approximated 
control levels. Arterial pressure and plasma volume 
were directly related (r = +0.588, P <0.01) (Fig. 2). 
Both plasma renin activity and aldosterone excretion 
rate were suppressed to the same mean values in the 
patients with essential hypertension and were un- 
changed in the patients who had primary aldo- 
steronism. 

Long-term studies—effectiveness of diuretic 
agents (Table III): Treatment with hydrochlo- 
rothiazide or spironolactone, or both, in 13 of the 14 
patients with essential hypertension during periods 
ranging from 3 to 11 years produced similar arterial 
pressure responses. Thus, during hydrochlorothiazide 
treatment in 9 patients, supine pressure averaged 
133/84 in contrast to pretreatment values of 159/106 
mm Hg. In 7 patients treated with spironolactone, 
arterial pressure fell from ‘a control average level of 
162/104 to 125/82 mm Hg and, in 9 patients receiv- 
ing combination therapy, treatment values averaged 
133/88 versus a control average of 172/111 mm Hg. 
For the 4 patients observed during administration of 
the drugs given singly and in combination the fol- 
lowing arterial pressure averages were obtained: con- 
trol 163/100, hydrochlorothiazide 139/83, spironolac- 
tone 128/36, combination therapy 131/86 mm Hg. 
None of the treatment values differed significantly 
from each other. 

Plasma volume was measured before treatment in 
each patient. It was not significantly related to arte- 
rial pressure at that time (r = 0.409, P <0.1). Se- 
quential measurements of plasma volume; made in 
11 patients during the various diuretic treatments 
showed modest and persistent oligemia, as previous- 
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ly reported,’5-37 and a direct arterial pressure-blood 
volume relation (r = 0.613, P <0.05) (Fig. 3). 
The results of this long-term study are similar to 


those of the short-term experience with sodium de- 
. privation. Comparison of the 2 studies showed that 


of the 11 patients whose plasma volume was mea- 
sured during diuretic treatment, -6 became normo-. 
tensive during the 4 days of sodium restriction and 5 
did not. Before diuretic treatment was begun, the 
former patients had had a lower level of plasma vol- 
ume than the latter (94 vs. 109 percent of normal), 

just as they had during control periods before the 


- start of the 9 mEq sodium diet. During diuretic 


treatment, the difference was maintained (77 vs. 89 
percent) since plasma volume was reduced by about 
the same amount in each. Arterial pressure averages 
during treatment were also slightly lower in those 
with the lower plasma volume levels (122/77 vs. 
136/85 mm Hg). However, during long-term diuretic 
treatment, plasma volume in all these patients was 


_ greater than it was at the end of sodium deprivation 


although arterial pressure was substantially reduced. 
These findings suggest that during long-term treat- 


. ment some hemodynamic adjustments occur that are 


not operating during the initial oligemia. 

Three of the patients with primary aldosteronism 
have been treated with spironolactone and hydro- 
chlorothiazide. In 2, arterial pressure was not de- 
creased by administration of 200 mg/day of spirono- 
lactone for 2 weeks, although serum ‘potassium levels 
became normal; addition of hydrochlorothiazide (50 
mg/day) reduced blood pressure to normal. In the 
third patient spironolactone treatment resulted in 
normal pressure levels that were unaffected by 
addition of hydrochlorothiazide. 


Discu ssion 


Our previous sities 22 have shown that differ- 
ent types of untreated hypertension are character- 
ized by abnormalities of plasma volume. In regard to 
the types of hypertension in. the present study, we 
have found that most patients with essential hyper- 
tension, like patients In our Group 1, are moderately 
oligemic and in the men, arterial pressure and plas- 
ma volume are inversely related. However, there is a 
small group of patients with essential hypertension, 
represented by our Group 2, who are either hyper- 
volemic or inappropriately normovolemic in the 
presence of increased arterial pressure. Patients with 
primary aldosteronism. are usually hypervolemic but 
may also have normal plasma volume in association 
with marked diastolic hypertension. As shown by 
urinary sodium excretion rates during the control pe- 
riod of this study, these differences in plasma volume 
are characteristic of the type of hypertension and not 
a reflection of differences in sodium intake. 

Relation of arterial pressure, extracellular fluid 
and plasma volume: Another important character- 
istic of hypertension appears to be the relation of ar- 
terial pressure to intravascular volume. Thus, in men 
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with untreated essential hypertension, as indicated 
herein, and in men with renal arterial disease?? or 
pheochromocytoma,?* pressure and volume were 
found to be inversely related. In contrast, we have 
recently reported that treatment of essential and 
renovascular hypertension with adrenergic blocking 


drugs alone or in. combination with diuretic agents ` 


reverses this relation and renders pressure dependent 
on volume.?8 In a like vein, the current study shows 
that sodium deprivation and loading in essential hy- 
pertension and primary aldosteronism, as well as 
chronic diuretic treatment in essential hypertension, 
also change the inverse pressure-volume relation to a 
direct relation. Further, these results suggest that 
both low sodium diets and diuretic agents are synony- 
mous in their antihypertensive effects that result 
from salt and water depletion. As yet unexplained is 
the fact that these direct pressure-volume relations 
are the same as those found in untreated nonazotem- 
ic patients with pyelonephritis and hypertension??>2? 
and in a patient with chronic renal failure before and 
after nephrectomy.?® Because arterial pressure corre- 
lated significantly with plasma volume in this study 
and in others does not necesarily mean that intra- 
vascular volume is the determining factor. It could 
be that tissue sodium, total extracellular fluid, inter- 
_ stitial fluid volume or some ratio between intravas- 
cular volume and interstitial fluid volumes is the im- 
portant variable. However, the results do focus at- 
tention on the possibility that extracellular fluid is 
hemodynamically significant. 

The findings of this study contrast with many oth- 
ers of the past 25 years in which an association be- 
tween the antihypertensive and extracellular fluid- 
depleting effects of low sodium diets! and diuretic 
agents®-!1 was sought and not found. The most likely 
explanation for this difference would seem to be a 


difference in expressing plasma volume results. In’ 


this and our previous studies?1.22.36,38,43 plasma vol- 
ume was expressed in milliliters per centimeter of 
height but in the others,!-1! ag milliliters per kilo- 
gram of body weight or total volumes. Using the ex- 
pression milliliters per kilogram could obscure a 
pressure-volume relation because it makes no allow- 
ance for various degrees of obesity, and the fatter a 
person is the lower his blood volume in milliliters per 
kilogram.*® Use of total volume as the reference also 
presents difficulties because one cannot, for instance, 
equate a 500 ml reduction in plasma volume in a 
person 5 feet tall with a similar reduction in another 
6 feet tall. Although expressing plasma volume in 
milliliters per centimeter of height allows for differ- 
-ences in height and therefore in lean body mass, it 
does not allow for differences in obesity. Thus, this 
‘expression has a disadvantage for a study such as 
ours because hypertensive patients are generally 
more overweight than those with normal pressure.” 
Perhaps a better expression is liters per square meter, 
which allows for small increases in blood volume ac- 
companying increased body fat. Such a reference 
point was used by McQueen and Morrison,?? who 


found that the early hypotensive effects of chlo-. 
rothiazide, hydrochlorothiazide and mersalyl corre- 
lated directly with losses in extracellular fluid but 
not in plasma volume. 

Mechanism of hypotensive effects of diuretic 


agents: Because diuretic agents modify vascular re- 
- sponses to physiologic’ stimuli4’-2° and vasoactive 


drugs,/2-14:18 and because early studies during 
chronic treatment failed to show maintenance of the 
reduced plasma volume found during early phases of 
therapy,°-7:® current opinion holds that the antihy- 
pertensive property of these drugs represents a direct 
vascular effect. However, this report comparing 
short-term sodium deprivation with long-term di- 
uretic treatment indicates a similar mechanism -for 
their antihypertensive effects: that seems to depend 
on volume depletion. Whether the direct vascular ef- 
fect of a diuretic agent plays a role in arterial pres- 
sure control is not assessable, although the finding 
that chlorothiazide, which did not affect arterial 
pressure of normotensive persons,}°:+4 diminished 
pressor responses!’ and forearm vascular responsive- 
ness!? to norepinephrine suggests that it may not. 
Further, there is ample evidence that all diuretic 
agents have similar hypotensive effects,1°:11,16.29-31 
and it seems unlikely that compounds of such differ- 
ent structures would have similar hypotensive effects 
on vascular smooth muscle. Also diazoxide, which 
had little hypotensive effect given orally and caused 
marked fluid retention,*? diminished forearm vascu- 
lar responses to norepinephrine in normal subjects? 
in a fashion similar to chlorothiazide!* and in vitro 
inhibited responses to norepinephrine.®! However, 2 
puzzling aspects of chlorothiazide diuretic treatment 
might be explained by a direct vascular effect. One is 
the fact that hypertension does: not always return 
with rapid intravascular volume expansion.® It is 
possible that the increased distensibility of forearm 
veins found during diuretic therapy1>18 may reflect 
an enhanced reservoir function of capacitance: vessels 
that could lessen effects of volume expansion on the 
arterial side of the circulation. The other puzzling 
finding is the common experience that when chlo- 
rothiazide therapy is discontinued, fluid retention is 
prompt but arterial pressure increases slowly. This 
response is in contrast to the. prompt return of hy- 
pertension during 3 days of sodium loading found in 
our study, and the difference might represent direct 
diuretic vascular effects. If so, it would suggest that 
vascular effects dissipate more slowly than renal ef- 
fects, thus permitting volume expansion without an 
increase in arterial pressure. This hypothesis would 
explain the finding of Feisal et al.1? that even a week 
after discontinuation of chlorothiazide forearm blood 
flow failed to decrease progressively with increasing 
amounts of norepinephrine, a response that had been 
abolished during treatment. l 

Hypotensive effect of sodium restriction: Low 
sodium diets also affect responses to vasoactive 
agents. Raab et al.3? found that pressor responses to 
epinephrine and norepinephrine decreased with sodi- 


um deprivation, and it is now well known that angi- 
Otensin pressor responsiveness is attenuated by sodi- 
um restriction and enhanced by sodium loading.*° 41 
This effect of a negative salt balance on angiotensin 
responsiveness may explain why arterial pressure 
does not increase when the renal pressor system is 
stimulated by volume depletion. In the present 


study, the patients with essential hypertension who ` 


became normotensive during sodium deprivation had 
a significantly lower control value for plasma renin 
activity than the patients who did not. With salt and 
water losses, plasma renin activity increased in both 
groups and the mean values became insignificantly 
different; however, plasma volume remained signifi- 
cantly lower in responding than in nonresponding 
patients. The difference in degree of volume deple- 
tion between the 2 groups may have determined, in 
part, whether they responded to an increased renal 
pressor factor. Possibly the lack of increase in plas- 
ma renin activity during sodium deprivation in the 
patients with primary aldosteronism permitted some 
decrease in arterial pressure even though volume de- 
pletion was not so great as that occurring in the 
other groups. 

Aldosterone excretion rate was the same in the 2 
groups with essential hypertension during control, 
sodium deprivation and sodium loading periods. 
Whether it failed to be suppressed adequately by 
volume expansion, as was the experience of Collins 
et al.,°* cannot be said. Although aldosterone exere- 
tion rate was suppressed to half this value in our 
normal control subjects, the latter were considerably 
younger than the patients of Collins et al.; Flood 
et al.53 have shown that age influences secretion of 
aldosterone. p 

The degree of sodium retention during the first 
day of sodium loading seems likely to have reflected 
the combined influences of volume depletion, reduc- 
tion of arterial pressure, increased aldosterone pro- 


duction and changes in plasma renin activity caused | 


by sodium deprivation. Thus the patients who be- 
came normotensive with sodium deprivation (Group 
1) had the lowest values for plasma volume and arte- 
rial pressure and sodium excretion during the first 
day. The patients with primary aldosteronism, who 
had a high aldosterone excretion rate all along and 
no change in plasma renin activity with salt restric- 
tion, responded to sodium loading with significant 
natriuresis, as has been previously reported.°* That 
the renal pressor system may modulate the effects of 
diuretic agents or sodium loading has been shown by 


Krakoff et al.5° and Schalekamp et al.,°® who found > 


that saluresis was greater in patients with sup- 
pressed plasma renin activity than in those with nor- 
mal activity. This finding may explain the rapid so- 
dium excretion in our patients with primary aldoste- 
ronism but not the first day difference in sodium 
handling found between the essential hypertensive 


groups because patients in Group 2 excreted more of | 


the load yet had higher plasma renin activity than 
patients in Group 1. 


VOLUME-DEPENDENT HYPERTENSION—DUSTAN ET AL. 


The possibility also exists that sodium deprivation 
and diuretic treatment in man interfere with cate- 


‘cholamine handling by peripheral neurones. deCham- 


plain et al.57 have shown that deoxycorticoste- 
rone (Doca®) and salt profoundly influence norepi- 
nephrine storage in rats and suggest that these 
changes indicate a neurogenic component in Doca- 
induced hypertension. 

Steroid hypertension and spironolactone: Con- 
siderable emphasis has been given to a subgroup of 
patients with essential hypertension who, without 
hyperaldosteronism, have reduced and poorly re- 
sponsive plasma renin activity.?3 58-62 Woods et al.®? 
found that such patients responded to aminoglu- 
tethimide with normalization of arterial pressure, 
and others have reported that spironolactone seemed 
to be specific antihypertensive therapy.??:§! From 
these studies has come the suggestion that there may 
be an as yet unidentified electrolyte-active steroid 
responsible for this type of hypertension.33-§? Al- 
though the results of the current study provide no 
insight into this possibility, they suggest that many 
of the patients previously reported on may have 
hdd volume-dependent hypertension as did our 
patients. 

It has been suggested that spironolactone is also 
specific treatment for- the hypertension accompa- 
nying primary aldosteronism.®*.%3 This suggestion is 
not supported by the responses of our patients dur- 
ing sodium deprivation and loading..Further, in a 
more recent study,®? we found that adequate volume 
depletion with a 9 mEq sodium diet and injections of 


“mercurial diuretic agents reduced the arterial pres- 


sure of 3 such patients to normal levels. Additional- 
ly, in a study of chronic treatment of patients with 
primary aldosteronism with small doses of spirono- 
lactone and hydrochlorothiazide, arterial pressure 
and plasma volume were directly related.®3 

Importance of intravascular volume in hyper- 
tension: The results of this study do not explain the 
mechanism whereby low sodium diets and diuretic 
agents reduce arterial pressure in hypertensive pa- 
tients. However, they add further evidence that 
extracellular fluid volume is an important factor as 
Guyton®* has emphasized. This finding is not sur- 
prising because the pressure generated by each car- 
diac contraction must reflect the diastolic arterial 
volume as well as the volume ejected, the speed of 
ejection, the distensibility of the aortic compression 
chamber and the resistance to outflow provided by 
the arterioles. Thus, in a very real sense, intravascu- 
lar volume is.a hemodynamic variable and in hyper- 
ténsion seems to have singular importance. 
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Phonocardlographic and clnefluorographic methods were used to’ 
study the mechanism of closure of the Starr-Edwards mitral pros- 
thetic valve (model 6320) in 41 patients with a normal QRS interval. 
Atrlal fibrillation was present In 23 patients and normal sinus rhythm 
In 18. The following Intervals were measured: QRS to mitral closing 
click (Q—Mc), QRS to onset of closure (Q-Oc) and QRS to comple- 
tlon of closure (Q-Cc) of the prosthetic valve. Ball travel time was 
measured as Q-Cc minus Q--Oc. Mean Q-Oc was shorter In the 
group with normal sinus rhythm. In 8 patients in this group, Q—-Oc 
occurred before ventricular systole and, in 2, completion of closure 
occurred before the QRS Interval. Early closure In the group with 
normal rhythm was related to a prolonged P-R interval. in this 
group, values for Q-Mc and Q-Cc intervals did not differ significant- 
ly. Q—Cc In the groups with atrial fibrillation and normal sinus rhythm 
were not significantly different. Ball travel time was significantly 
longer in the latter group. Long R-R Intervals in the group with atrial 
fibrillation may be assoclated with partial and occasionally complete 
premature closure of the valve. Q-Mc was Inversely relateq to the 
R—R interval in this group. 

This study Indicates 3 mechanisms for closure of the mitral pros- 
thetic valve. Atrial or ventricular contraction alone may close the 
valve. The contribution of each is dependent on the time Interval 
separating the contraction of these chambers. Spontaneous partial 
or complete closure may occur before ventricular systole during a 
prolonged R-R Interval. 


The mechanism of closure of the atrioventricular valves, particularly 
the role of atrial systole, has been considered for many years.1-° In 
1912, Henderson and Johnson? concluded that atrial systole alone 
can close the mitral and tricuspid valves. This was further supported 
by the work of Little,? Sarnoff et al.4 and Brockman.’ These investi- 
gators demonstrated an atrial induced rise in ventricular pressure 
preceding ventricular systole, resulting in a negative difference in the 
atrioventricular pressure gradient. It was thus speculated that this 
reverse gradient across an atrioventricular valve could close the valve 
without ventricular contraction. Shah et al., using an ultrasound 
technique in patients with heart block, demonstrated that atrial 
contraction alone may result in mitral valve closure. 

This study was designed to evaluate the mechanism of closure of 
the Starr-Edwards valve and the role of atrial contraction in its clo- 
sure. Both phonocardiographic and cinefluorographic techniques 
were utilized, and the results indicate that atrial systole can initiate 
closure of the prosthetic valve. Furthermore, the valve may be com- 
pletely closed by atrial systole in the presence of a prolonged P-R in- 
terval. In this situation, the valve may reopen and be closed again by 
ventricular contraction. Under certain circumstances, the valve may 
be partially closed without atrial systole and before the ventricle con- 
tracts. 
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Subjects and Methods 


Studies were performed on 41 patients with a Starr- 
Edwards prosthetic mitral-valve (model 6320) 3 weeks to 1 
year after operation. Thirty-four patients underwent oper- 
ation for rheumatic mitral valve disease. In 5 patients an 


aortic valve and in 3 a tricuspid valve were replaced at. 


the same time. One patient had both the aortic and tri- 
cuspid valves replaced as well as the mitral valve. Seven 
- patients had valve replacement because of prolapse of the 
mitral valve. In 3 of these the prolapse was secondary to 
papillary muscle dysfunction. All 3 had saphenous vein 
bypass surgery for coronary artery disease at the time of 


valve replacement. Two patients had prolapse of the mi- . 


tral valve associated with unexplained rupture of the 
chordae tendineae, and 1 patient had rupture of the 
chordae tendineae and severe mitral insufficiency as a re- 
sult of bacterial endocarditis. The ages of the patients 
ranged from 37 to 74 years (mean 48 years). There were 33 
female and 8 male patients. No patient had evidence of 
an intraventricular conduction disturbance. 
Phonocardiograms were recorded with a direct-writing 
instrument (4 channel Schwarzer Physioscript no. 421) at 
a paper speed of 100 or 200 mm/sec with 10 or 20 msec 
time lines. The microphone was usually positioned at the 
apex, and recordings were made at both medium (70 to 
230 Hz) and high (230 to 750 Hz) frequencies. Simulta- 
neous lead JI of the electrocardiogram was recorded in all 
instances. For this study, the interval from the onset of 
the QRS to the onset of the high amplitude high-frequen- 
cy vibration of the mitral closing click (Q-Mc) was mea- 


sured. The Q-Mc interval given represents the average 


obtained in 10 to 15 consecutive cardiac cycles. A negative 
Q-Mc valve indicates that the mitral closing click oc- 
curred before the QRS interval. 

Cinefluorographic evaluation was performed in all pa- 
tients immediately after the phonocardiographic study. 
The patients were placed in a right anterior oblique posi- 
tion so that the base of the prosthetic valve was perpen- 
dicular to the X-ray beam. Cinefluorographic films were 
taken at intervals of 16.7 msec on 35 mm film. The X-ray 
exposure duration for each cine frame was 4 msec. The 
cinefluorograms were obtained with an image intensifier 
(General Electric), equipped with a 9 inch by 6 inch dual 
field tube. A tracing of lead I of the electrocardiogram 
was superimposed in the right upper corner of each cine 
frame (Cinetrace, Electronics for Medicine). A continuous 
recording of the electrocardiogram was simultaneously 
taken on an oscillographic recorder (Electronics for Medi- 
cine) at a paper speed of 200 mm/sec with 20 msec time 
lines. To determine the exact relation of individual frame 
exposure with the electrocardiogram recorded, each 4 
msec X-ray pulse from the X-ray grid control pulse unit 
was displayed as a square wave pulse in the direct-current 
channel of the recorder and recorded simultaneously with 
the electrocardiogram. In this manner the time intervals 
measued were taken from the recording paper at the ap- 
propriate 4 msec square wave pulse and measured to the 
beginning of the QRS interval. The cine films were pro- 
jected with a 35 mm projector (Vanguard Instrument 
Corp.) and displayed on an x-y digital data recorder 
(Newhouse Laboratories). This permitted frame by frame 
analysis and timing of the movement of the metallic pop- 
pet of the prosthetic valve with the electrocardiogram. 
The average time interval of 10 consecutive cardiac cycles 
was measured from the onset of the QRS interval to the 
first movement of the poppet, which indicated the onset 
of closure (Q—-Oc) of the prosthetic mitral valve. The onset 
of the QRS interval to the completion of closure (Q-Cc) 
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FIGURE 1. The distribution of the onset (Q-Oc) and completion 
(Q-Cc) of closure and ball travel time (BTT) of the prosthetic 
mitral valve In 23 patients with atrial fibrillation and 18 patlents 
with normal sinus rhythm. The horizontal line represents the 
mean of each variable for the respective group. Note the differ- 
ence in mean values of both groups for Q-Oc and ball travel 
time. Also note that early onset of closure only occurs In pa- 
tients with normal sinus rhythm having a P-R Interval of 200 
msec or more (open circle). Also note the scatter of the Q-Oc 
Interval in the group with normal sinus rhythm compared to the 
pattern In the group with atrial fibrillation. A negative value Indi- 
cates that the event took place before onset of the QRS interval. 


was also measured. A positive sign before either of these 
intervals indicated that the event took place after onset of 
the QRS interval, whereas a negative sign indicated that 
the event took place before onset of this interval. The dif- 
ference between Q-Ce and Q-Oc intervals was designated 
as the ball travel time. The diameter of the poppet was mea- 
sured as projected and, with use of data obtained from the 
manufacturer on the true size of the poppet, a factor was 
derived to correct for magnification due to nonparallel 
X-ray beams. A frame by frame analysis of the poppet 
movement was measured and plotted with use of an x- -y 
plotter (Hewlett-Packard). In this manner, the “x” axis 
represented time with the electrocardiogram as the refer- 
ence, and the “y” axis represented the distance the pop- 
pet moved from as base of the valve. 


Results 


The 41 patients consisted of 23 patients with atrial 
fibrillation and 18 with normal sinus rhythm. The 


- group with atrial fibrillation had a mean heart rate 


of 86 + 15 (+1 SD), which was not significantly dif- 
ferent from the value of 81 + 11 (+1 SD) in the 
group with normal sinus rhythm. Figure 1 shows the 
individual values for onset of closure (Q—-Oc), com- 


- pletion of closure (Q-Cc) and ball travel time of the 


mitral prosthetic valve in the 41 patients. 

Q-Oc interval: The mean Q-Oc interval for the 
group with atrial fibrillation was 54 + 4.9 (+1 SD) 
msec. In the group with normal sinus rhythm (Fig. 


- 1), there was considerable scatter of individual Q—-Oc 
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values. Eight patients in this group had Q-Oc inter- 
vals of less than 40 msec. All of these patients had a 
_prolonged P-R interval. Four patients had negative 
.Q-Oc intervals, indicating that the prosthetic valve 
started to close before onset of the QRS complex. In 
these patients with early onset of closure, the poppet 
started to close the valve 200 to 280 msec after the 
onset of the P wave. The mean Q-Oc valve for the 14 
patients in the group with normal sinus rhythm and 
positive intervals was 42 + 11.3 (+1 SD) msec, 
which was significantly lower than values in the 
group with atrial fibrillation (P <0.005). 

Q-Cc interval: The completion of valve closure 


' (Q-Cc) was 87 + 4.1 (£1 SD) and 71 + 29.9 (+1° 


. SD) msec in the groups with atrial fibrillation and 
normal sinus rhythm, respectively. These values 
_were not significantly different. However, in 5 pa- 
tients in the group with normal sinus rhythm closure 
of the prosthetic valve came early occurring in 2 pa- 
tients before onset of the QRS interval (Fig. 1). The 
early onset of closure (Q-Oc) of the prosthetic valve 
in the group with normal sinus rhythm as compared 
to findings in the group with atrial fibrillation in the 
presence of similar mean values for the Q-Cc inter- 
val resulted in a longer ball travel time in the group 
with normal sinus rhythm (Fig. 1). Travel time was 
33 + 3.2 (+1 SD) msec in the group with atrial fi- 
brillation, which was significantly less (P <0.005) 


than the time of 45 + 13.9 (+1 SD) msec in the 


group with normal sinus rhythm. 


An example of early closure of the mitral prosthetic 
valve in a patient with normal sinus rhythm is shown in 
Figure 2. The patient has a prolonged P-R interval (325 
_ msec). Each closed circle represents the position of the 
' poppet at that particular time in reference to the electro- 





closing clicks. 


FIGURE 2. Cinefluorographic study demon- 
strating that closure of the prosthetic valve 
took place before the QRS interval in a,pa- 
tient with first degree heart block (P-R = 
325 msec). The plot of the poppet movement 
is shown. Each individual point corresponds 
to the cine frame marker (4 msec square 
wave pulse of individual frame exposure) 
and represents the position of the poppet for 
that particular cine frame. Selected photo- 
graphs of the valve are shown with a number 
corresponding to a particular cine frame, as 
Indicated by the cine frame marker. Paper 
speed 200 mm/sec. See text for details. 


cardiogram. The numbers above the square wave pulse 
(cine frame maker) correspond to the cine frames noted 
on the sides of the figure. Frames 1 and 2 were taken be- 
fore and just after the P wave, respectively; with the valve - 
completely open. The valve starts to close 230 msec after 
the onset of the P wave and is completely closed 300 msec 
after the P wave (frame 3). The Q-Oc and Q-Cc intervals 
are —95 and —25 msec, respectively. After this early clo-- 
sure of the valve, slight opening of the valve occurs and a 
second closure (frame 4) is recorded 50 msec after the 
QRS interval. This late diastolic double closure of the 
mitral prosthetic valve may give rise to 2 late diastolic 

In Figure 3, the first diastolic click (CL) indicates com- 
plete opening of the valve at the onset- of ventricular fill- 


‘ing. There are 2 other early diastolic clicks corresponding 


to bouncing of the poppet on the struts of the cage of the 
prosthetic valve. Thereafter the valve remains open until 


late_in diastole. A late diastolic click (xı) occurs 30 msec 


before the QRS interval and, as indicated by the plot of 


. the poppet movement, corresponds to early closure of the 


prosthetic valve. A second click (xg) occurs 50 msec after 
the QRS interval and corresponds to the second closure of 
the prosthetic valve. A double closing click (xı and x2) 
therefore occurs—the first click (x1) due to closing of the 
valve by atrial systole and the second click (xe) due to 
closure as a result of ventricular systole. 


Q-Mce interval: The mitral closing click (Q-Mc) 
interval was 86 + 5.4 (+1 SD) and 63 + 38 (+1 SD) 
msec in the groups with atrial fibrillation and nor- 
mal sinus rhythm, respectively. These values were 
not significantly different from each other or from 
the corresponding values for the Q-Cc interval ob- 
tained from the cinefluorographic study. In the 
group with atrial fibrillation, an inverse relation was 
seen between the Q-Mc interval and the R-R inter- 
val (Fig. 4). In some patients in this group with long 
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FIGURE 3. Movement of the pop- 
pet as related to the phonocardlo- 
gram (PCG). in this patient the 
heart rate at the time of the cine- 
fluorographlc study was the same 
as that when the phonocardlogram 
was taken, The electrocardlogram 
recorded at the time of the cineflu- 
crographic study was used as a 
reference point and enabled plot- 
ting the movement of the poppet 
on the phonocardiogram. Note the 
early diastolic clicks (CL) corre- 
sponding to opening of the valve. 
The extra clicks after opening of 
the valve correspond to movement 
of the poppet against the metallic 
struts. Early closure of the valve 
gives rise to a closing click (x1) 
occurring before the QRS Interval. 
The poppet then moves slightly and 
again closes after onset of the QRS 
Interval, glving rise to a second 
closing click (x2). Double closing 
clicks are therefore recorded. The 
first click (x1) is due to closure by 
atrial systole and the second (x2) 
to closure by ventricular systole. 
Paper speed 200 mm/sec. See 
text for detalls. HF, MF and LF = 
high, medium and low frequency, 
respectively; P and T = P and T 
waves, respectively. 


| Movement 


Valve Opened 


Poppet 


Valve Closed 
PCE 





cog \ 
QRS 


R-R intervals, closure started before onset of the 
QRS complex (Fig. 5 and 6C). As seen in Figure 5, in 
the short cycle (R-R = 330 msec), the poppet starts 
to close the valve (frame 3) 55 msec after the QRS 


interval, whereas in the long cycle (R-R = 640 


R-R Interval (msec) 


50 60 70 BO 

Q-Mc Interval (msec) 
FIGURE 4. Relation of the preceding R-R ena. and the Q-Mc 
interval. Study was taken from the continuous phonocardio- 
. grams of 5 patients with atrial flbrlilation. There Is an inverse 
relation between the preceding R-R interval and the Q—Mc In- 
terval. 
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msec), the poppet starts to close the valve before the 
QRS interval (frame 3). Therefore, the Q-Ce interval 
is 85 msec in the short cycle, and 55 msec in the long 
cycle. This finding is further illustrated in Figure 6, 


C and D. As shown in Figure 6E, complete closure of 


the mitral prosthetic valve may occur before the 
QRS complex when there are excessively long R-R in- 
tervals. In this case a ventricular premature beat was 
followed by a compensatory pause (R-R = 1,100 
msec) with complete closure of the valve before the 


next QRS complex. 


Discussion 


Our study indicates that effective closure of the 
mitral prosthetic valve can occur with either atrial or 
ventricular contraction. In normal sinus rhythm clo- 
sure is usually initiated by atrial contraction and 
completed by ventricular contraction (Fig. 6B). This 
is especially evident with prolongation of atrioven: 
tricular conduction, which permits atrial contraction 
to influence closure of the prosthetic valve before the 
ventricle contracts (Fig. 6A). Furthermore, in pa- 
tients with marked prolongation of the P-R interval 
(Fig. 2 and 3), the prosthetic valve may be complete- 
ly closed by atrial systole. In atrial fibrillation, clo- 
sure is almost invariably dependent on ventricular 
contraction (Fig. 5 and 6D). During prolonged R-R 
intervals (Fig. 5 and 6C), especially during a com- 
pensatory pause after a ventricular premature beat 


fore the ventricle contracts. 


(Fig. 6E), partial and complete closure can occur be- 
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S Role. a atrial Pee tea contraction in 


“mitral valve closure:. Earlier workers using excised - 


i E animal hearts-demonstrated that atrial contraction 


ate. 


5 


` 
w 
, ETA 


~ can effectively. close’: the normal atrioventriciilar- 
: “valves before the” onset of ventricular, systole.2>7' Hèn- | 
“derson and Johnson?: speculated that the normal 
atrioventricular valve -i3 closed by atrial systole :þy ` 
* the unrolling. of the edges of. the valve leaflet-so that — 
they approximate each’ other. In contrast, when’ ven- 
‘tricular systole. occurs ‘without. a: preceding ‘atrial 
contraction, the valve cusps’ close by’ a hinge-like- 
7; movement. ‘Dean™..demonstrated partial closure of 
‘the atrioventricular. valves: ‘by atrial systole and com-_ 
: pitin of closure by ventricular contraction. In more, 
than’ half. 'our- patients . with : normal. sinus rhythm,. 


-atrial contraction initiated: ‘closure, which was then 


5 completed by-ventrictilar contraction. It was also ap- 


-parent that there must,be'a ‘prolonged delay between : 


atrial and ventricular. ‘contraction for atrial systole to: 
_-affect valve. closure significantly. | ‘Dean? also’ noted 
< that the contribution of both atrial and ventricular 
‘contraction on. ‘valve’ ‘closure “is dependent: upon the 
time interval . separating, the contraction. of ‘these. 
~Jehambers. He observed that ‘if ventricular’ contrac- 
‘tion is: ‘delayed because of marked prolongation’ of 
“AV conduction. complete- closure is followed: by. re- 
opening. of the: valve ‘leaflets. before final closure by 
‘ventricular contraction. A` similar course. of:-eyents 
‘was demonstrated: in`2 of our patients (Fig. 2. and.3)" 
" with a mitral prosthetic valve. The. cinefluorographic 
observation of -double late diastolic’ closure: of the 


oo. mitral prosthétic valve was accompanied by a double 


J E 


mitral prosthetic closing click (Fig. 3, x1 and Xg). 
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vc + The onset of closure (Q-Oc) occurred less than 45 
ee ' misec anier onset of' the e QRS interval i in 72: ‘percent of i 


‘FIGURE 5. The’ effect of, a. short 
` ee: (A) ` (R-R: 330 msec): and a 
‘long ‘cycle (B) {R-R 640.msec) on, 
_ the’ movement: of the poppet: The’ 
“numbers ` ofi the individual ; photo- i 
< graphs of the valve correspond - ‘to 
the numbers above the 4. msec 
-cine - frame marker.. Note’ in- the 
short cyclé that the poppet: does . 
i fe Mess o. not start., to move untll-“after’ the 
eg, eee Sk peak of the. R wave (frame 3 on 
a i r left); ‘whereas In.the long cycle. the 
poppet starts to close the valve be- 
- fore. the: ‘R-wave (frame 3 on right). 
` The short’ R- R cycle. has’ a: Q- Cc” 
interval’ of: 85, msec, whereas the ` 
"long .R- R :cycle has a: Q- -Cc Inter- 
val of 55:msec. se a a S 


ung ‘ 5 A e 


tae pee” 


Pateni wiih mi sinus is rhythm (Fig. iy: ii 4 pa- 
‘tients the valve started: to ‘close before onset: of the . 


QRS interval.. The early. closure: in ‘these 13: patients*. 


was associated . in 10 patients “with.a P-R- interval 
` greater than 200 msec. The ‘failure to demonstrate. 


` earlier. closure in. 5; patients: with: normal “sinus 


} rhythm: was ‘probably. due to a ‘shorter P-R interval. 


in some and ineffectual left: atrial contractions? in 
' others. In all patients: with ` ‘atrial fibrillation the ` 
”'Q-Oc interval was 45 msec or'greater (Fig: 2). In 23 . 
‘patients with atrial fibrillation, the: meéan onset. of 
closure (Q-Oc)’ of the: prosthetic valve was'54.4 4.9 - 


(+1 SD) msec, This-value corrégponds to the normal .” 


a value of 52 mséc-from onset of the QRS’ interval: to ` 


left ventricular systole, as Teported by. Braunwald et . 


atrial fibrillation. j is: associated: with the onset- of ven= 
tricular systole’ and indicates that, in our patients, 
‘closure occurring earlier than 50 msec after the QRS. 
interval was not due to left ventricular contraction... - 

_ Atrial induced negative pressure . gradients . 
across mitral valve: Presystolic as: well as double 


ments were carried out under .a constant atrial pres- 


| sure, thus removing the effect of atrial systolic | pres- 
‘while ‘recording phasic pres- - i 


‘gure changes. Little,’ 
súres in the right atrium and’ ‘ventricle in:‘the dog, 
observed a presystolic ‘increase in ventricular pres-, . 


sure due to atrial systole. The increase’ occurred at.’ 


the time the atrial pressure was decreasing and. rē- 
‘sulted in a negative atrioventricular pressure. gradi- `. 
ent. It. was speculated that this gradient. could effec- 


© tively close the tricus id valve without contraction’ of- i i 
i te right ventricle. Little: st. al. 11 ' recorded: the valye ie 
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a] .30 Thus, closure, of the .mitral prosthetic valve-i in: ao 


-diastolic closure of the mitral valve was recorded by, ~: 
_ Dean’ in perfused cat hearts. However, these experi- ` ` 
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FIGURE 6. Examples of poppet movement E. Valve —e 
as related to the electrocardiogram during a 
normal sinus rhythm and first degree block 

(A); normal sinus rhythm and a normal P-R 
interval (B); atrial fibrillation and a long R-R ae ae 


interval (C); atrial fibrillation and a short R-R 
interval (D); and compensatory pause after 
ventricular premature beat (VPc) (E). 


closure sound and observed that in the absence of 
atrial contraction the sound occurred later, whereas 
when atrial contraction preceded ventricular con- 
traction by 120 to 200 msec, the closure sound oc- 
curred earlier. Sarnoff and associates* and Brock- 
manë demonstrated in the dog an atrial induced in- 
crease in left ventricular pressure associated with a 
negative difference in pressure across the mitral valve, 


which was considered sufficient to close the valve 


without ventricular systole. Sarnoff et al.4 observed 
that the atrial induced pressure gradient across the 
mitral valve could be altered by sympathetic or vagal 
stimulation. Sympathetic stimulation resulted in in- 
creased atrial contractility associated with an in- 
creased negative gradient across the mitral valve, 
whereas vagal stimulation had the opposite effect. 
Brockman® suggested that the atrium contracts in a 
peristaltic manner toward the atrioventricular orifice, 
generating a propagated wave. When the wave 
reaches the ventricle, the atrium is relaxing and its 
pressure is thus decreasing, and the result is a reverse 
gradient favoring closure of the mitral valve. Work by 
Nolan et al.12 demonstrated in the dog that the flow 
pattern across the mitral valve varied with the P-R 
interval. Atrial contraction was associated with 
accelerated flow across the mitral valve. The reversal 
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of the atrioventricular pressure gradient resulted in 


- rapid deceleration of the flow. 


These observations made in animals help to ex- 
plain our findings in the group of patients with nor- 
mal sinus rhythm. We have observed that the poppet 
starts to close the valve 200 to 280 msec after the 
onset of the P wave. If the ventricle does not start to 
contract until 50 msec after the QRS interval,?° then 
atrial contraction can theoretically effect the closure 
of the valve with a P-R interval of 150 msec. How- 
ever, with' such a short P-R interval, the effect of 
atrial systole would not be optimally apparent with- 
out a delay in left ventricular contraction. Brock- 
man? further demonstrated in experimentally pro- 
duced heart block in dogs that an atrial induced nega- 
tive gradient across the mitral valve, if not followed 
by a ventricular contraction, gradually returns to 
zero, which would allow the valve to reopen and be 
closed finally by ventricular contraction. Such double 
diastolic closure of the prosthetic valve was observed 
in 2 of our patients with first degree heart block (Fig. 
2 and 3). This observation illustrates independent 
atrial and ventricular components of valve closure in 
1 cardiac cycle. Similar observations were made in the 
cat preparation’? but could not be shown to occur in 
the normal mitral valve of man. 
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Ball travel time: The interval from the QRS com- 
plex to the mitral closing click (Q-Mc) includes both 
an electrical event and the early part of ventricular 
systole. The average normal Q-Mc interval, as re- 
- ported by others!-44-17 and noted in our study, rang- 
_es between 73 to 100 msec. This interval is similar, 
as also noted by us and others,?® to the time from 
the QRS interval to the completion of closure (Q- 
Cc) of the mitral prosthetic valve. The difference be- 
tween the Q—-Cc interval and the time from the QRS 
interval to the onset of closure (Q—-Oc) represents the 
ball travel time. This time is therefore included in 
the phonocardiographic Q-Mc interval. Use of the 
Q-Mc interval as a reference for measuring left ven- 
tricular mechanical events!” can therefore introduce 
an error of 20 to 30 msec due ‘to ball travel time. 
This observation agrees with those of Dayem and 
Raftery,15 who noted that the mitral closing click 
usually occurs 20 msec after the crossing of the left 
atrial and left ventricular pressure curves. We have 
also found that the ball travel time for opening of 
the prosthetic valve takes about 20 to 30 msec. Be- 
cause of cancellation of the ball travel time for both 
closing and opening of the valve, the interval be- 
tween the closing and opening mitral prosthetic 
clicks reflects the sums of isovolumic contraction and 
relaxation and ejection of the left ventricle. 

Effect of prolonged diastolic filling (long R-R): 
In atrial fibrillation an inverse relation exists be- 
tween the preceding R-R interval and the Q-Mc in- 
terval4:19.20 (Fig. 4). This relation is probably due 
in some cases to spontaneous, partial closure of the 
prosthetic mitral valve (Fig. 5 and 6C), which occurs 
with long R-R intervals. A partially closed position 


of the poppet would require less time for complete 
closure at the onset of ventricular systole; thus, the 
Q-Mc interval would be shortened. This was strik- 
ingly demonstrated when the compensatory pause 
after a ventricular premature beat allowed complete 
closure of the valve before ventricular contraction 
(Fig. 6E). This finding demonstrates that prosthetic 
mitral valves can be closed completely, not only by 
atrial or ventricular contraction, but during pro- 
longed diastolic filling periods as well. The mecha- 
nism of partial or complete spontaneous closure with 
prolonged filling periods can’ only be speculated 
upon. Excessive filling of the left ventricle can be as- 
sociated with a greater increment in left ventricular 
pressure in relation to volume change, which may 
momentarily cause a negative gradient across the 
valve adequate to close the valve without contraction 
of the ventricle. Another possible mechanism of dia- 
stolic closure of the prosthetic valve before ventricu- 
lar contraction is the reflection off the apex of the 


- left ventricle of the incoming jet of blood during 


early diastole, producing a ring-vortex. Bellhouse*! 
demonstrated the production of an asymmetrical 


ring-vortex in a model of the left ventricle. The vor- 


tex was capable of increasing pressure in the left 

ventricle sufficiently to close the anterior cusp to a 

greater extent than the posterior cusp and was more 
effective in a smaller heart chamber. 
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Clinical and necropsy findings are described in 10 patients with quad- 


-ricuspld semilunar valves, and previous reports of 197 cases are 


reviewed. Quadricuspid semilunar valves occur infrequently, and 
usually the pulmonic valve is affected. The quadricuspid pulmonic 
valve typically functions normally. The quadricuspid aortic valve was 
functlonally abnormal In 5 of 11 cases studied. 


The most common major congenital anomaly involving the heart or 
great vessels is malformation of one or both semilunar valves.! Of 
the various congenital abnormalities affecting these valves, the most 
frequent by far is the bicuspid aortic valve (occurring in approxi- 
mately 2 percent of the general population); next in frequency is the 
unicuspid aortic valve.? Semilunar valves with 4 cusps are much less 


. common than those with either 1 or 2 cusps. The bicuspid and uni- 


cuspid malformations of these valves have received considerable at- 
tention in recent years.!»? In contrast, the occurrence of 4 cusps in 
either the pulmonic or aortic valve has received relatively little at- 
tention. This report focuses on the quadricuspid semilunar valve. 
Clinical and necropsy observations in 10 patients studied by us are 
summarized, and observations previously recorded by others are re- 
viewed. 


Patients Studied 


Pertinent information on the 10 patients is summarized in Table I. 
In 2 patients the aortic valve was quadricuspid (Fig. 1 and 2), and in 
the other 8 the pulmonic valve was quadricuspid (Fig. 3). Function 
of the quadricuspid valve appeared to have been normal in 8 pa- 
tients and abnormal in 2. One of the latter, a 51 year old woman, 
had severe aortic regurgitation necessitating aortic valve replace- 
ment (Fig. 1). The other patient, a 3 day old boy, had a dysfunction- 


‘ing quadricuspid valve with severe valvular pulmonic stenosis. He 


died shortly after operative alleviation of the right ventricular out- 
flow obstruction. Other congenital cardiovascular anomalies—name- 
ly atrial septal defect of the fossa ovale type, partial atrioventricular 
canal and ventricular septal defect—were present in 3 of the 10 pa- 
tients. Two other patients, each with a quadricuspid pulmonic valve, 
had rheumatic mitral and aortic valvular stenosis, but there was no 
evidence in either patient that the rheumatic process had involved 
the pulmonic valve. 

Of the 2 patients with a quadricuspid aortic valve, 1 had a valve 
with 3 equal-sized cusps and 1 smaller cusp (Fig. 4), and the other 
had a valve with 2 equal larger and 2 unequal smaller cusps. In 5 
cases, the pulmonic quadricuspid valve had 3 equal larger cusps and 
1 smaller cusp; 1 valve had 4 equal-sized cusps, 1 had 2 equal larger 
and 2 equal smaller cusps, and 1 valve had 1 larger, 2 intermediate 
and 1 smaller cusp. 
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FIGURE 1. Case 1. Schematic diagram of the Incompetent qua- 
dricuspid aortic valve In a 51 year old woman with angina pec- 
‘torls and refractory congestive failure necessitating aortic valve 
replacement. At operation, the aortic valve was quadricuspld 
with 2 smaller and 2 larger cusps. A prosthesis was Inserted. 
She died suddenly 17 days later. At necropsy, the heart weighed 
520 g. Both ventricles were markedly dilated, and the left ven- 
tricular free wall measured up to 1.7 cm in thickness. Death 
was due to acute myocardial Infarction secondary to an embo- 
lus to a coronary artery. l 





FIGURE 2. Case 2. A normally functioning E aortic 


valve In an 11 year old girl with a known ventricular septal de- l 


. fect. Six months before death she was successfully treated for 
alpha streptococcus endocarditis; however, she died of progres- 
slve renal fallure. At necropsy, the heart weighed 270 g. Both 
ventricles were dilated. The septal leaflet of the tricuspld valve 
was bound down to the ventricular septum by fibrous tissue, and 
a Jet lesion (2 cm in diameter). was evident on the free wall of 
the right ventricle. There was no evidence of endocarditis on the 
quadricuspid aortic valve. The “closed” ventricular septal defect 
Is outlined by the dashed circle. A = accessory valve ne 
A.M.L. = anterior mitral leaflet; L| = left aortic valve cusp; L.V. 
left ventricie; N = noncoronary valve cusp; R = right vaive cusp. 


-‘Comments 


A quadricuspid semilunar valve is an uncommon 
condition. Review of previous reports yielded 197 
cases: in 184 cases (93 percent) the affected valve 
was pulmonic?-8 and in 13 cases (7 percent) was aor- 
tic.5.7:914 Jt is unclear why the pulmonic valve is 
more commonly affected, since the aortic valve is 
more commonly bicuspid or unicuspid.1-2 The quad- 
ricuspid pulmonic valve has been found in from 1 in 
4007 to 1 in 2,000 necropsies.4 We found 8 quadri- 


TABLE } 
Data on 10 Patients with Quadricuspid Semilunar Valves | 





Case Age(yr) Quadricuspid Functional desea Other Cardiac 
no. & Sex Valve Status RF 1E* Abnormalities 
1 “SLE Aortic incompetent 0 0 0 
2 LF Aortic Normal 0 + VSD 
3 40M Pulmonic Normal. 0 0 0 
4 3daysM Pulmonic Stenotic - 0 0 ASD 
5 HM Pulmonic Normal, ? ? Partial A-V 
l canal 
6 57M Pulmonic Normal + + Rheumatic 
MS, AS 
7 46F Pulmonic Normal 0 00 =, 
8 81M Pulmontc Normal 0 0 0 | 
9 AIF Pulmonic Normal! 0 0 HC 
10 34M Pulmonic Normal + 0 Rheumatic 
MS, AS 


* Although 2 and possibly 3 patients had a positlve history of 
Infective endocarditis, none had VOR CAPONE involving the 
quadricuspld valve. , 

AS = aortic stenosis; ASD = atrial septal defect; A-V -= atrio- 
ventricular; HC = hypertrophic cardiomyopathy without sub- 
aortic stenosis; IE = Infective endocarditis; MS = mitral steno- 
sis; RF = acute rheumatic fever; VSD = ventricular septal de- 
fect. i 





FIGURE 3. Quadricuspid pulmonic vao observed as ineldenial 
necropsy findings In 2 patlents. a, Patient 3, who died of carci- 
noma of the pancreas. b, Patient 7, who died of acute leukemia. 
Neither patlent had symptoms of cardiac dysfunction. 


cuspid pulmonic valves and. 2 quadricuspid aortic 


valves during examination of 6,000 necropsies. Oth- 
ers have shown a similar smaller incidence of quadri- 
cuspid aortic valves. Neither Simonds* nor Simpson® 
found a quadricuspid aortic valve during examina- 
tion of 6,252 necropsies; deVries observed only 1 in 
3,600 necropsies. These reports may underestimate 
the actual frequency of this anomaly since, unless - 
they are specifically sought, minor-abnormalities of 
the semilunar valves may be easily overlooked at 
necropsy examination. l 
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Sex distribution: The quadricuspid pulmonic 
valve more commonly occurs in male subjects: of 79 
affected patients whose sex was known, 52 (65 per- 
cent) were male and 27 (35 percent) were female. 
Unlike other malformations of the aortic valve that 
primarily affect male subjects,!-2 the quadricuspid 
aortic valve appears to have an equal sex distribu- 
tion. Of affected patients whose sex was known, 4 
were male and 3 were female. 

Valve function: The quadricuspid pulmonic valve 
nearly always appears to function normally. Conse- 
quently, most quadricuspid pulmonic valves repre- 
sent incidental findings at necropsy. Why one quad- 
ricuspid valve functions normally and why another 
functions abnormally is uncertain. Of 158 quadri- 
cuspid pulmonic valves available for study or review, 
6 (4 percent) functioned abnormally; of these, 2 were 
stenotic and 4 were purely incompetent. In contrast, 
the quadricuspid aortic valve frequently functions 
abnormally. Of 11 quadricuspid aortic valves, 1 was 


stenotic and 4 were incompetent. Valvular incompe- 


tence, the most common hemodynamic abnormality, 


was not observed in infants or young children, thus 


suggesting that the quadricuspid valve is not incom- 
petent from birth. In no case was incompetence a re- 
sult of infective endocarditis. The finding of a steno- 
tic quadricuspid valve in a 3 day old infant (our 
Case 4) suggests that the quadricuspid valve, unlike 


the congenitally bicuspid valve,4 may be stenotic ` 


from birth. | 

Other cardiac anomalies: The quadricuspid 
semilunar valve is rarely associated with other con- 
genital cardiac anomalies. Seven patients (4 percent) 
with quadricuspid pulmonic valves had other abnor- 
malities: 4 had atrial septal defect of the fossa ovale 
type, 1 had ventricular septal defect, 1 had partial 
atrioventricular canal and 1 had patent ductus arte- 
riosus. One patient with a quadricuspid aortic valve 
had ventricular septal defect. 

‘Endocarditis: The normally functioning quadri- 
cuspid valve does not appear to be more likely to 
have infective endocarditis than the normally formed 
valve. The only reported case of endocarditis involv- 
ing a quadricuspid valve occurred on a previously 
stenotic valve.13 Our Patient 2, who had a ventricu- 
lar septal defect, had endocarditis of the right ven- 
tricular endocardium but no evidence of vegetation 


on the normally functioning quadricuspid aortic 


valve. 

Although the rheumatic process has been demon- 
strated to involve the congenitally bicuspid aortic 
valve, it does not appear to involve quadricuspid 
semilunar or any other malformed valve with in- 
creased frequency. Although 2 of our patients had 
rheumatic disease of both mitral and aortic valves, 
the quadricuspid pulmonic valves were unaffected by 
the rheumatic process. 

Anatomic variations: The anatomic variations of 


the quadricuspid valves are schematically presented - 


in Figure 4. Of 121 quadricuspid pulmonic valves re- 
viewed, 72 valves (60 percent) had 3 equal-sized 
cusps and 1 smaller cusp; 18 valves (15 percent) had 
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TTT Equal Cusps 
Thres Equal Cusps, 
One Smaller Cusp 
Two Equal Larger Cusps, 
Two Equal Smaller Cusps 
One Large, Two Intermediate, 
One Small Cusp : 
Three Equal Cusps, 
One Larger Cusp 
Two Equal Larger Cusps, 
Two Unequal Smaller Cusps 
viwe Four Unequal Cusps 


FIGURE 4. Seven described anatomic variations of quadricuspid 
vaives. The most commen variation In either aortic or pul- 


‘ monic valve consisted of 3 equal-sized cusps and 1 smaller 


cusp (b). No correlation was found between anatomic variation 
and functional! status. 


Normal and Abnormal Development 
of the Aortic Valve 


NORMAL 


- COMMON TRUNK 


me 
Tu 
SEPTATION 


4}, 
~ Ly 
Seo, 
Ny 







N°) sce AV 


ABNORMAL 
COMMON TRUNK 


$ ° Ss 7 
Quadricuspid AV 


FIGURE 5. Diagrammatic portrayal of the probable mechanism 
of development of both normal and abnormal semilunar valves. 
Abnormalities may occur from elther abnormal! septal division or 
from abnormalities of mesenchymal proilferation In the common 
trunk. A.V. = aortic valve; P.V. = pulmonic valve. 
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2 equal larger and 2 equal smaller cusps; 15 valves > 


(12 percent) had 4 equal cusps; 7 valves (6 percent) 
had 1 larger, 2 intermediate and 1 smaller cusp; 4 
valves (3 percent) had 3 equal and 1 larger cusp; 3 
valves (2 percent) had 2 equal and 2 smaller unequal 
cusps and 2 valves (2 percent) had 4 unequal-sized 
cusps. Of 7 quadricuspid.aortic valves reviewed, 3 
valves had 3 equal and 1 small cusp; 2 valves had 4 
equal cusps; 1 valve had 3 equal and 1 larger cusp; 
and 1 valve had 4 unequal cusps. 

Multiple small fenestrations were commonly ob- 
served in both quadricuspid aortic and pulmonic 
valveg. In no patient were both aortic and pulmonic 
‘valveg quadricuspid. In contrast, several patients 
with congenitally bicuspid pulmonic and aortic 
valves have been observed. 


Embryology: Semilunar valve formation appears 
to occur as follows: By the fourth week of gestation, 
a pair of mesenchymal ridges have formed in thé 
cephalad portion of the truncus arteriosus. With fur- 
ther growth these truncoconal ridges ‘fuse and des- 
cend ta the ventricles in a spiral fashion forming the 
aorticopulmonary septum and thus dividing the 
truncus into 2 distinct chambers..At the junction of 
the truncus and conus, the semilunar valves are 
formed by mesenchymal outgrowth from the devel- 
opment of 2 smaller mesenchymal proliferations, the 
intercolated valvular swellings, situated between the 
main truncoconal ridges,15- Abnormal cusp forma- 
tion, therefore, is due either to aberrant fusion of the 
aorticopulmonary septum or to abnormal prolifera- 
tions in the common trunk (Fig. 5). 
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Dilution curves of Rehovist®-indocyanine green dye solutions and 
blood oxygen saturation and pressure levels were studied In 6 dogs 
21 to 45 days after creation of a ventricular septal defect. Left to 
right shunt indexes; after right- and left-sided circulatory injections, 
were determined from the following: (1) the ratio of the area under 
roentgen videodensitometric dilution curves recorded over the sil- 
houettes of the pulmonary artery and aorta during replays of video- 
taped angiograms, and (2) the ratio of the area under indocyanine 
green dye curves In blood from the same Circulatory segments. 
These left to right shunt indexes were also compared with values 
calculated from oxygen saturation levels of pulmonary arterlal and 
caval blood. After correction for rapid circulation of Renovist by way 
of distal pulmonary, bronchial and intercostal vasculature super- 


posed in the densitometric pulmonary arterial window, a high corre- 


lation was demonstrated betWeen values determined by each meth- 


_od. Phasic variations In shunted Renovist occurred durifhg the cardi- 


ac cycle. 


Roentgen videodensitometry is an indicator-dilution method that 
uses a roentgenopaque substance as the indicator.!.2 This method 
has been used for the investigation of valvular regurgitation,*® left 
to right shunts through atrial septal defects’ and, recently, measure- 
ment of coronary blood flow.’ In our study, videodensitometry was 
used for the quantitation of left to right shunting through surgically: 
created veritricular septal defects in dogs. The shunt values were 
compared with values calculated from blood oxygen saturation 
values and by conventional dye-dilution technique using indocyanine 
preen dye. The dynamic response of the roentgen video system (60 
samples/sec) was fast enough to permit analysis of the cyclic 
changes in opacity at selected sites over the right ventricle; the ` 
changes presumably were due to phasic variations in shunt flow dur- 
ing individual heartbeats. 


Materials and Methods 


In 6 dogs, weighing 13.0 to 19.0 kg, a ventricular septal defect was created 
with a circular punch in the mid-portion of the ventricular septum through a 
right ventriculotomy. ® The diameter of the punch was 7 mm in 2 dogs and 
12 mm in 4 dogs. 

At cardiac catheterization, 21 to 45 days after operation, all dogs had re- 
covered completely, and were studied without thoracotomy under morphine 
(2.4 to 3.5 mg/kg body weight) and sodium pentobarbital (16.7 to 20.5 
mg/kg body weight) anesthesia. The defects created with the 7 mm punch 
wete healed at this time, and these dogs served as control animals. Two 5F 


May 1973 The American Journal of CARDIOLOGY Volume 31 627 


a r 
url’ - 


sty 
© 


a 





. FIGURE. t.: -Positions or tips sf catheters ‘and videodensitometer sampling sites: (lett anterlor 2-0: 
‘. oblique projection), Left panel, peripheral: pulmonary artery (PAz), main‘pulmonary artery. (PAj), ree 
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iz, Videodensitometer 
- Sampling’ Sites 


i 
+ i . “4 


Left. 


ventricle Da Bee eee 


right atrium (RA); inferior vena cava (IVC), left atrlum ' (LA), left ventricle (LY), ascending aorta ee es 
. (A Ao) ‘and thoracic aorta (Thor Ao). Right panel, AA and PA are vidsodensitometer sampling: 2" yas 
sites for. quantitation of left to right shunts; and RVor, RVMR and RVar are: sampling sites. (out- ee a ee 


f i _ flow tract; rnid-region and aplcal region) used to study regional differences In roentgen density see 
of Fight ventricle caused by left to right shunting of Renovist- blood mixtures by war of the’ septal oe % 


` defect: 


pe ee i s 4 
pos ar ji 


=? 


- .catheters were positioned to'record pressure in the thoracic 


aorta. and dye- dilution curves from ‘the, abdominal aorta. 


{One 5F Rodriguez cathéter was placed in the. ascending _ 


aorta, 1 to 2 cm downstream: to the aortic valve, for. the in- 


jection of:indocyanine. green: Or. roentgen contrast. medium 
-” .(69 percent Renovist-indocyanine green dye mixture). Two 
=- 6F catheters: were. positioned transseptally, 1 in the left 
‘atrium ahd 1. in the left:ventricle, for pressure recordings 
= and for injection of indicator. Three. 6F catheters were posi- 
. . tioned with their tips in thè.-peripheral and proximal pul- ' 
monary arteries, and ‘in either the right atrium or inferior’ 


..-. vena cava for pressure ‘or dye- dilution curve recordings or 


628 


„the. injection ` .of indicator. Intracardiac and intravascular . 
- pressures were measured by strain gauges (Statham P23Dd - 
and P23Dg). Two 6F bipolar ‘electrode catheters ‘were: po- - 
` gitioned in the right atrium and the outflow tract of the 
: right ventricle’ for pacemaker control of heart rate and 
+ -atrial-ventricular interval. „The position of these catheters 
= is shown in Figure 1. i 
` The dogs were placed ‘i in the right decubitus position in": 
a half-body molded. Lucite® cast and positioned: so: that ` 
the plane of the ventricular. septum was parallel. to: the 


X-ray beam. The dogs’ were ventilated’ with room air: by 


way of a cuffed endotracheal tube at an inspiratory pres- 


sure of 10 cm H20 and rate.of 12 to 20 breaths/min. Res- 


. `. piration - was temporarily suspended. .during all data re- 
`? ` cordings by opening the ; airway. to ambient pressure. 


Videoangiograms were recorded on video tape. Diltition 


curves of indocyanine green dye were recorded. simulta- 
‘ neously from the pulmonary artery and abdominal dorta 


_'. before, during and after injection of. 0.15 to 0.4 ml/kg. 
body weight of a solution of 0.3 mg. -indocyanine green/ml 


of 69 percent Renovist (meglumine and ‘sodium diatri- 
zoate) into the peripheral pulmonary artery or vein, left 


: atrium, left ventricle and ascending aorta. Roentgen con- 
. trast medium was injected by.a pneumatically powered `- 


syringe triggered by the’R wave of the electrocardiogram, 


over i to 4 heart cycles. 
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The electrocardiogram, left ventticular pressure and the 
Position of the piston. of. the injection syringe were record-: 
ed simultaneously, « on data - ‘channels of the: same video i 
‘tape. 5 
The oxygen satan levels o booa samples saii , 


drawn simultaneously from the pulmonary artery; aorta.’ . 


and right atrium were determined by successively, reinfus- 

_ing the samples by way of a cuvette oximeter.” ~ +. l 
Intracardiac and’ intravascular pressures- and- the dilu- 

: tion curves’ of indocyanine green’ dye. ‘and Renavist were ` 


r recorded repeatedly during ‘control hemodynamic. ‘condi- 


- tions with sinus rhythm, during. incremental-increases in’ 
"heart rate up to` 180. beats/min produced by: atrial pacing 


“or during combined atrial and ventricular pacing with a | 


- fixed atrial- ventricular stimulus interval. ic A 
The videoangiograms were analyzed by. replaying: the 


video tapes and recording the. changes i in- roentgen density ` ~. 


. from sampling windows positioned over the -main pulmo: 


nary artery and: over the ascending aorta downstream to` 


the aortic valve (Fig. 2): The data obtained, from -video-,- - 


‘densitometer and electrocardiogram and the’ position’ “of. ; 3 


` the injection syringe piston. were. fed intoa time- shared 
digital computer by a 10-bit analog to digital, converter. 


The nonspecific variations’ iri roentgen density’ associated. oe 


‘with each: cardiac- cycle were measured and - averaged” at. 
successive 1/60 second intervals, from the R. wave of each. 
of'5 heartbeats just before’ injection of the contrast. medi- 


‘, um. This mean cardiodensographic value (Fig. 3) was: 


p” 


= -and the- duration of the injections was aes to extend . . 
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subtracted from .the original videodensographic value.’ din 


_ exact temporal relation to the R wave of all successive cy-. 
cles during the entire period of the videodensitometric re- 


7 To to, obtain: a compensated videodensographic value, 


. as described. previously: The method of calibration, Üne- ` 


arity and sensitivity. of, videodensograms have been pre- i 5 , 


viously described.?:3:19 a 


Dye-dilution curves were seconded from. densitometérs te ae A 


(Waters XC 250A) calibrated by: withdrawing solutions.of. = 


indocyanine green of known concentration. in the dog’ Ce 
: blood through me densitometer. Areas under the. e-dye- dio o 
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PULMONARY ARTERY 


FIGURE 2. Television images of a 
tape-recorded left ventricular an- 
glogram. Rectangular 7 by 6 mm 
videodensitometer sampling win- 
dows (brightened areas) are locat- 
ed over the pulmonary artery (left 
panel) and the ascending aorta 
{right panel) for quantitation of left. 
to right shunting In ventricular sep- 
tal defect. 
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FIGURE 3. Dog 5. Computer replottings of roentgen videodensi- 
_tometric dilution curves recorded over the pulmonary artery and 
ascending aorta after injections of roentgen contrast medium 


into the left atrium (upper panel) and ascending aorta (lower - 


panel). Slmultaneously recorded electrocardlogram and amount 
and duration of Renovist Injection are shown in the lowest trac- 
ing in each panel. Nonspecific variations In roentgen density 
have been removed from these curves by subtracting the re- 
spective mean cardiodensographic value for individual heart- 
beats (Insets above beginning of each curve). The major ‘portion 
of the large Increase in roentgen density of the pulmonary artery 
after Renovist injection Into the left atrium (upper panel) Is due 
to the blood-Renovist mixture that was shunted by way of ven- 
tricular septal defect. The smaller Increase in roentgen density 


recorded over the pulmonary artery after Renovist infection into © 


the ascending aorta (lower panel) is caused by traversal of Re- 
novist through superposed segments of systemic vasculature in- 
cluded in the pulmonary arterlal sampling window (see text). 
The computer-caiculated left to right shunt Index from these 
curves was 38 percent. 





ASCENDING AORTA 





tion curves obtained in the pulmonary artery or aorta 
after distal pulmonary arterial, pulmonary venous, left 
atrial and left ‘ventricular injections of dye were deter- 
mined by the forward triangle method.11 The magnitude 
of the shunt was expressed as the shunt fraction of total 
pulmonary blood flow:/” 


Fir = Ana/Asa 


where Fg represents the left to right shunt index; Apa, 
the area under the dilution curve recorded from the pul- 
monary artery; and Aṣa, the area under the dilution re- 
corded from the aorta. 

Similarly, the shunt index by videodensitometry was 


. determined from the ratio of the areas of the pulmonary 


arterial and aortic videodensograms. A small increase in 
roentgen density was observed uniformly over the pulmo- 
nary artery immediately after Renovist was injected into 
the ascending aorta. This rapidly appearing indicator 
(demonstrating apparent left to right shunt) over the pul- 
monary artery is due to the’traversal by Renovist of those 
segments of the systemic circulation that are superposed 
in the area of the. pulmonary arterial sampling window. 
The following formula was used to exclude this false left 
to right shunt due to superposition of other vessels: 


Fir = Apa = (Aga x [A’pa/A’sal)/Asa 


where A’pa and A’sa represent, respectively, the areas 
under the pulmonary and aortic videodensograms after in- 
jection of Renovist into the ascending aorta. 

The phasic changes of videodensograms were analyzed 
before, during and after injection of the contrast medium, 
when the sampling window was placed over the right ven- 
tricle, close to the site of entry of the left to right shunt. 

‘The locations and sizes of the ventricular septal defects 


‘were examined at the end of the experiments in all dogs. 
‘The septal defects were located in the muscular mid-por- 


tion of the ventricular septum and ranged from 2 to 7 mm 
in diameter in 4 dogs. The defects had healed in 2 dogs 
(Table ID). There was no damage to the atrioventricular 
valves in any.dog. 


Results 


In dogs with a ventricular septal defect, roentgen 
density increased rapidly over the pulmonary artery 
when Renovist was injected into a peripheral pulmo- 
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TABLE I 


Data on Dogs with a Surgically Created Ventricular Septal Defect 





~ 


; Time of Study 

Dog Body Weight (postoperative Size of Defect 

no. (kg) day) ` (mm) Ao 
1 15.5 31 Closed 149/113 
2 18.0 30 . 5x4 116/97 
3 ` 13.0 31 7X5 88/71 
4 19.0 45 ` Closed 126/113 
5 18.5 34 2x2 134/103 
6 19.0 > 21 7X6 132/102 


Pressure (mm Hg) 


Left te Right Shunt 


(% pulmonary blood flow) Heart Rate 


LV PA RV Oximetry Dye Method (beats/min) 
141/8 - 21/8 21/3 0° 0 81 
116/18 29/10 - 33/8 58 58 66 

89/9 23/10 23/3 82 79 135 
128/10 18/9 19/4 0 0 = 12 
134/6 16/9 16/2 27 14 90 
128/26 37/14 35/4 70 51 132 


Ao = aortic; LV = left ventricular; PA = pulmonary arterlal; RV. = right ventricular. 


nary artery or vein, left atrium and left ventricle 
(Fig. 3). A small but significant increase in roentgen 
density over the pulmonary artery was also observed 
(Fig. 4) in the 2 dogs with healed ventricular septa. 
In every dog, some increase in roentgen opacity was 
‘detected over the pulmonary artery after Renovist 
was injected into the ascending aorta. This increase 
was due to the superposition of segments of systemic 
vessels in the sampling window (Fig. 3 and 4). The 
ratio of the areas of the curves recorded simulta- 
neously over the pulmonary artery and ascending 
aorta after injections into the ascending aorta ranged 
between 10 and 25 percent (average 17 percent). 
Comparison of simultaneous determinations of the 
left to right shunt indexes by dye densitometry and 
videodensitometry is depicted in Figure 5. There was 


a high correlation between the shunt index values of _ 


the 2 methods. 

Reproducibility for the shunt index by videodensi- 
tometry was evaluated by comparing the values ob- 
tained from independent computer analyses of suc- 
cessive replays of the recorded angiograms. Excellent 
agreement between the paired values was obtained 
(Fig. 6). 

In 3 dogs, the videodensograms were recorded 
while the heart rate and the atrial-ventricular inter- 
val were controlled by pacing (Fig. 7). When the 
heart rate was increased to 180 beats/min, the mag- 
nitude of the left to right shunt increased in 2 dogs 
and was unchanged in 1 dog. 

A typical videodensogram recorded with the sam- 
pling window over the right ventricle near the septal 
defect, is depicted in Figure 8. After the injection of 
Renovist ‘into the peripheral pulmonary artery or 
vein, left atrium and left ventricle, the videodenso- 
gram showed an increase in roentgen density during 
both systole and diastole on its build-up slope in the 
4 dogs with ventricular septal defect, although this 
phenomenon was not observed in the 2 control dogs 
under the same conditions. The phasic rate of opaci- 
fication of the cardiodensograms, presumably as a 
result of phasic changes in shunt flow, was greater in 
all dogs during diastole than during systole at heart 
rates of less than 110 beats/min. When the heart rate 
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FIGURE 4. Dog 4. Computer replottings of roentgen videodensi- 
tometric dilution curves for quantitation of left to right shunt re- 
corded over the pulmonary artery and ascending aorta after in- 
jections of Renovist into the left ventricle (upper panel) and as- 
cending aorta (lower panel). This dog had a healed ventricular 
septal defect. See legend of Figure 3 for detalls. Small in- - 
creases In roentgen density over the pulmonary artery after both 
injections are due to traversal, of contrast medlum through seg- 
ments of systemic vessels interposed tn the path of the roentgen 
beam belng sampled over pulmonary artery. The calculated 
shunt Index of 4 percent obtained from this dog is within the 
range of sensitivity of this technique. j 


was increased by atrial pacing to a rate of 180 beats/ 
min, the increase in density occurred mainly during 
the systolic phase of the cardiac cycle (Fig. 8). 

When the sampling window was placed over the 
outflow tract of the right ventricle, the phasic rate of 
opacification of videodensograms showed nearly the 
same pattern as that obtained from the mid-region; 
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SHUNT INDEX BY CUVETTE DENSITOMETER (%) 


FIGURE 5. Comparison of left to right shunt indexes measured simultaneously by conventional 
double-sampling indocyanine green-dilution technique and videodensitometric method. Solid fine 
is the line of Identity, and the dashed line is the regression line for palred sets of values. Left 
panel, values obtained by curves after Renovist injections Into the peripheral pulmonary artery or 
vein, or the left atrium. Values from Individual dogs are shown by different symbols. Right panel, 
values obtained by curves recorded after Renovist Injections Into the left ventricle (ellipses). The 
erroneously high (>100 percent) shunt values obtained when indicator was Injected into left 
ventricle are presumably due to Incomplete blood-indicator mixing and preferential flow of indi- 


cator across the defect. 
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FIGURE 6. Variability of replicate measurements of left to right 
shunt Index by videodensitometry. Each shunt index was plotted 
against measurements obtained from curves recorded during 
successive replays of angiograms from video tapes. Solid line-is 
the line of identity between paired values. 


the simultaneous recordings over the apical region of 
the right ventricle showed a different pattern (Fig. 
9), | 


. Discussion 


The magnitude of the left to right shunt was de- 
termined in this study by measuring the amount of 
rapidly appearing indicator in the dilution curves re- 
corded over the pulmonary artery and aorta after in- 
jections of indocyanine green dye or Renovist-dye so- 
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HEART RATE ( beats / minute) 
FIGURE 7. Relation between heart rate and left to right shunt. 
index in 3 dogs with a ventricular septal defect. Heart rate and 
atrial-ventricular interval were controlled by electric pacing. 
Note the tendency for relative shunt values to increase when the 
heart rate was increased to 180 beats/min. 


lution into the peripheral pulmonary artery or vein, ` 
left atrium and left ventricle. 
However, in the videodensitometric recording of 


_ the traversal of the contrast medium through a par- 


ticular vessel, some superposition of segments of 
other vessels cannot be avoided. Small increases in 
roentgen density over the pulmonary artery were ob- 
served in the 2 control dogs after Renovist was in- 
jected into the peripheral pulmonary artery or vein, 
left atrium and left ventricle, and in all dogs after 
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Renovist was injected into the ascending aorta. the pulmonary artery and to rapid recirculation by 
These increases in roentgen density are due to the way of the coronary system.+?.14 

traversal of contrast medium through the bronchial, The ratios of the areas of pulmonary arterial-aortic 
intercostal and other intrathoracic vessels interposed curves (shunt index) obtained by videodensitometry 
in the path of the roentgen beam being sampled over were larger than the indexes obtained from simulta- 
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FIGURE 8. Extended tIme-base Renovlst dilution curves, showing phasic relation between changes in right ventricular roentgen density 
and cardiac cycle during slow (upper panel) and fast (lower panel) heart rates. Before Renovlst injections, cyclic changes in roentgen 
density are evident In uncompensated (upper) curves, Increasing during ventricular diastole and decreasing during systole. Immediate- 
ly after Renovist infection into the peripheral pulmonary artery, a small increase in roentgen density is observed In all curves (beats 5 
to 7 and 5 to 10 In upper and lower panels, respectively) due to traversal of Renovist through segments of peripheral pulmonary circu- 
lation Included in the pulmonary arterial sampling window. The subsequent increase In roentgen density due to the left to right shunt 
through the defect occurs during both systolic and diastolic phases of cardiac cycle (see beats 8 and 9 In compensated curve of upper 
panel—-double-ended dashed arrow), with the major Increase occurring during long-duration diastole at the slow spontaneous heart 
rate. At higher heart rate of 180 beats min (lower panel), the major portion of Increases In density due to left to right shunt (beats 11, 
12 and 13 in compensated curve of lower panel—double-ended dashed arrow) occurred during systole. Vertical blips indicated 
by numbers and the letter R in the bottom tracing of each panel indicate Instances when the computer recognized the R waves of the 
electrocardlogram. 
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FIGURE 9. Extended time-base simultaneous compensated dilutlon curves of Renovist, showing regional differences in phasic 
changes In roentgen density of the right ventricle during video roentgenography, after injection of Renovist into the left atri- 
um. Increases In roentgen density due to left to right shuntlng occurred during both systollc and diastolic phases of cardiac 
cycle in the mid- and outflow reglons (beats 5 and 6); no increase occurred during the systolic phases of these beats in the 
apical reglon (lowest curve). During beats 6 and 7 (double-ended dashed arrows), cyclic changes Ìn roentgen density in the 
apical region were out of phase with changes In the mid- and outflow raglons because of the nonuniform mixing of the shunt- 
ed blood- Indicator mixture In the right ventricle. 
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neously recorded dilution curves of indocyanine 
green dye. This systematic difference was eliminated 
when the ratios of the pulmonary arterial-aortic 
curves obtained after aortic injections of Renovist 
were subtracted from the ratios obtained after injec- 
tions into the peripheral pulmonary artery or vein, 
left atrium and left ventricle. 

The erroneously high shunt indexes (>100 per- 
cent) obtained by both indocyanine green and video- 
densitometric methods after injection of these indi- 
cators into the left ventricle are believed to be due to 
the nonuniform mixing of blood and indicator in this 
chamber, coupled with the preferential flow of the 
indicator through the defect (Fig. 5). Consequently, 
when an indicator-dilution technique is used for 
quantitation of left to right shunt through a ventric- 
ular septal defect, the injection of indicator should 
be made upstream to the mitral valve, preferably 
into a peripheral pulmonary artery in the lower lung 
fields so as to maximize the likelihood of uniform 
mixing of blood and indicator before its entrance 
into the left ventricle. 

Advantages of roentgen videodensitometry over 
conventional techniques: The use of roentgen vide- 
odensitometry has several advantages over conven- 
tional dye-dilution techniques for the evaluation of 
shunt flow: (1) Withdrawal of blood for recording of 
the dilution curves is not necessary. The time delay 
and distortion in dye-dilution curves caused by with- 
drawing the dyed blood through the catheter-cu- 
vette-densitometer system are avoided, and the vide- 
odensitometer has an excellent dynamic response (60 
samples/sec), which is fast enough to permit analysis 
of the phasic variations occurring within individual 
heartbeats. (2) By adjusting the site and size of the 
sampling window over any desired circulatory struc- 
ture and replaying the video tape, the investigator 
can, at leisure, record as many dilution curves from 
as many sites in the roentgen image as desired. (3) 
The small volume of contrast medium injected, usu- 
ally 4 to 6 ml, has little effect on circulatory vari- 
ables. (4) The high level of sensitivity of the instru- 
ment (0.5 percent change in roentgen transmission) 
makes it possible to detect and measure minimal 
shunts that are not apparent on usual angiograms, 
particularly when the change in transmission occurs 
slowly. 


Factors influencing phasic variation in shunt 


flow: The volume of blood passing through a septal 
defect depends primarily on the size of the defect 


and the duration and amplitude of the pressure dif-. 


ference across it. If the size of a ventricular septal 
defect does not change during the cardiac cycle, the 
expected magnitude of the shunt would be larger 
during systole than during diastole, in proportion to 
the increased pressure difference across the defect 
during systole. 

The phasic variations in roentgen ee of the 
right ventricle during individual heartbeats after in- 
jections of contrast medium into the pulmonary cir- 
culation or left atrium may be caused by phasic vari- 


ations in the magnitude of the left.to right shunt 
during the cardiac cycle. However, this interpreta- 
tion cannot be made with certainty because other 
factors affect the roentgen density of the right ven- 
tricle. These includé the inflow of blood containing 
no contrast medium from the right atrium; this in- 
flow varies during the heartbeat, as do the shape and 
thickness of the transradiated segment of right ven- 
tricle included under the sampling window of the 
videodensitometer. This latter effect should be elimi- 
nated or greatly minimzed by the compensation for 
the cyclic changes in roentgen density determined 
and averaged for the 5 heartbeats immediately be- 
fore injection of contrast medium. 

The increases in roentgen density of the right ven- 
tricle caused by the left to right shunting of the Re- 
novist-blood mixture were greater during diastole 
than during systole in all dogs when the heart rate 
was less than 110 beats/min. When the heart rate 
was increased by atrial pacing, the rate of increase in 
roentgen density increased during systole and de- 
creased during diastole. 

Gamble et al.15 and Frommer et al.1® observed in 
their clinical studies using fiberoptic catheters with 
response times of 0.07 and 0.1 second, respectively, 
that the oxygen saturation level of right ventricular 
blood near the defect. increased during systole and 
decreased during diastole. Because of the nonuni- 
form mixing of blood in the ventricle and the phasic 
inflow of relatively desaturated blood from the right 
atrium, which in effect dilutes the oxyhemoglobin in 


- the shunted blood, these changes cannot. be attrib- 


uted with certainty to increases and decreases in the 
magnitude of the left to right shunt. Gamble et al.1® 
observed an increase in oxygen saturation of blood 
near the defect during diastole in some patients with 
the Eisenmenger syndrome. An increase in oxygen 
saturation of right ventricular blood during this 
phase of the cardiac cycle is indicative of the occur- 
rence of left to right shunting during the diastolic 


ase. 

Applications to study of muscular ventricular 
septal defects: The demonstration of increases in 
roentgen density during diastole in our experimental 
ventricular septal defect, which were not associated 
with severe pulmonary hypertension, is of physiolog- 
ic interest in relation to possible determinants of the 
magnitude of left to right shunting in muscular ven- 
tricular septal defects. The size of the experimental 
ventricular septal defect in the muscular mid-portion 
of the septum may have decreased by contraction of 
the surrounding muscle during systole to the degree 
that the shunt is smaller during systole than during 
diastole, in spite of the much larger left to right ven- 
tricular pressure gradient during the systolic phase 
of the cycle. 

When the heart rate was increased by atrial pacing 


‘to 180 beats/min, the pressure gradients between 


both ventricles did not change significantly; how- 
ever, the phasic increases in roentgen density of the 
right ventricle due to the left to right shunt of Reno- 
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vist-blood mixture were increased during the systolic 
phases and decreased during the diastolic phases of 
the cardiac cycle, respectively. The increase in right 
ventricular opacity was also larger during weak ven- 
tricular contractions associated with premature 
beats and during long diastolic periods due to atrio- 


ventricular block. These findings suggest that varia- 
tions in the effective size of the defect may be an im- 
portant determinant of the amount of left to right 
shunting by way of defects in the muscular portions 
of the ventricular septum such as those present in 
our dogs. 
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Supravalvular Aortic Stenosis in Adults 


DONALD G. PANSEGRAU, MD > Supravalvular aortic stenosis in adults, In contrast to the form seen 
J. MICHAEL KIOSHOS, MD in infants and children, is usually not associated with mental retarda- 
ROBERT E. DURNIN, MD tion, peculjar facies or severe peripheral pulmonic stenosis. Subtle 
FRANK W. KROETZ, MD clinical findings serve to distinguish it from valvular aortic stenosis, 
lowa City, lowa a differentlation of great importance If surgery is a consideration. 
Diagnosis Is made by aortic and left ventricular anglograms. The se- 
verity of the clinical disease correlates better with abnormalities of 
the coronary arteries than with the severity of the obstruction, al- 
though both are frequently significant. Once symptoms occur, the 
prognosis Is poor without surgical correction. Surgical mortality rates 
are high, primarily as a result of Incomplete preoperative diagnosis. 


Supravalvular aortic stenosis is the narrowing of the ascending aorta 
immediately distal to the orifices of the coronary arteries. It was de- 
scribed in 1930 by Mencarelli? and first surgically repaired in 1956, 
as reported by McGoon et al.? With the development of angiography, 
a preoperative angiographic diagnosis was first made by Vlad and 
Kirklin in 1959.2 Since then, more than 100 cases have béen re- 
ported, primarily comprising children with the “hypercalcemic syn- 
drome” with characteristic elfin facies, mental retardation and asso- 
ciated cardiovascular defects.3-2° Recently, familial?+-24 and non- 
familial?7.18.25-33 cases of the sporadic type in which the patients 
have normal intelligence and facial appearance have been described. 
An intermediate type was reported in a study of a kinship who 
had supravalvular aortic stenosis with characteristic somatic features 
but normal intelligénce.#4 
Despite the large number of cases of supravalvular aortic stenosis 
reported in the English language literature, there are only 18 docu- 
mented cases of supravalvular aortic stenosis in adults.1%-22-29,31-36 
An additional 8 adults with supravalvular aortic stenosis have been 
studied at the University of Iowa Hospitals. These 26 cases showed 
striking similarities and form the basis of this report. 


Methods 


Only patients with narrowing of the aorta just distal to the orifices of the 
coronary arteries confirmed by angiocardiography, surgery or autopsy who 
survived to age 16 years were included in this study. Patients with congeni- 
tal aortic bands or membranes were excluded.**-4#! Published reports of nor- 
mal growth and development were interpreted as indicating normal appear- 
ance and intelligence. Kighteen reported cases were found meeting these 
criteria (Cases 9 to 26). In the 8 cases seen at our institution (Cases 1 to 8), 
history, physical examination and catheterization findings were reviewed by 


i a tn narra 


From the University of lowa Hospitals, lowa more than one of us. Questionable auscultatory findings were confirmed by 
City; lowa. Manuscript received February 29, phonocardiography. 
1972; revised manuscript received October 
16, 1972, accepted November 20, 1972. Results 

Address for reprints: Donald G. Panse- ' : : ; j 
grau, MD, 702 Locke Medical Bldg., 6011 Subjects: The data obtained in the 26 cases are summarized in 
Harry Hines Blvd., Dallas, Texas 75235. Table I. The patients’ ages ranged from 16 (by arbitration) to 70 
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TABLE I 


Summary of 26 Cases of Supravalvular Aortic Stenosis 





Case no. , 
& Age & Growth & Systolic Diastolic Other Chest 
Reference Sex Symptoms Development Murmur Murmur Sounds A, & P, Roentgenogram 
i* 19M Mild Normal 4/6 1/6 Normal Mild LVE 
2* 19M Miid Normal A/6 1/6 EC Al Normal 
3* 19M Mild ` Normal 4/6 None Norma! Mild LVE 
A 
4* 20M None Normal 3/6 None EC Normal Mild LVE 
5* 26M None Abnormal ` 4/6 None EC Single Normal 
6* 34M Moderate Normal! 2/6 None 5 Paradoxical Moderate 
LVE, LAE 
| 21M Mild Normal 4/6 2/6 S; Paradoxica! Mlid LVE 
8* 50M Severe Normal 4/6 2/6 S; Single Calcification, 
' ; marked LVE 
gts 16M Severe Normal None S; Singie 
1035 18F Norma! 5/6 Se 
11% 16F Normal 4/6 Single Normal 
122% 23M Severe Normal 4/6 Normal Normal 
1332 18M Severe Normal 4/6 Normal Normal 
147 18M Moderate 5/6 A, 
1533 19M Severe 4/6 a 
1623 16M None 4/6 A, 
1738 19M Severe ay 5/6 2/6 Normal . 
18” 21F Moderate Normal 4/6 Present A} 
19% aF Severe Marfan’s None “Gallop” Cardiomegaly 
syndrome 
2031 70F Mild Present LVE 
2118 37M None IQ = 30, 3/6 Mild cardio- 
abnormal megaly . 
j facies 
22% 28F Mild ae Present 
2334 21M Normal ous 
24% 18M Abnormal 6/6 LVE 
facies, 
. retarded 
25% 16M Abnormal 4/6 LVE’ 
facies, l 
l retarded i 
26% 16M see Normal 4/6 sri ae ve LVE 


* Present series. 


A, = aortic component of second sound; EC = ejection click; LAE = left atrial enla rgement; LBBB = left bundle branch block; LCA = 
‘left coronary artery; LSA = left subclavian artery; LVE = left ventricular enlargement: LVH = left ventricular hypertrophy; PDA = patent 
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Case no. 
& Reference 


1* 


2* 
3* 


4* 


5* 


6* 


7* 


Zo” 


26% 


Electrocardiogram 
LVH ‘strain’ 


LYH “strain” 

Anterior myocardial 
infarction 

LVK 


Left axis, T wave 
changes 

Anterior myocardial 
infarction, LVH, 
atrial fibrillation 

LVH ‘“‘strain’’ 


LVH, atrial 

LVH 

LVH, incomplete 
LBBB. 

LVH 

LVH 

LVH “strain” 

LBBB 

LVH 

LYH 

LVH “strain” 


LVH “strain” 


“P' pulmonale 


LVH, atrial 
hypertrophy 


LYH 


Peak Gradient 
(mm Hg) 


54 


71 
31 


16 
24 


39 


76 
70 


36/20/10 


171 


195 


Coronary Arteries . 
Probably normal 


Normal 
Normal 


Norma! 
Normal 


Dilated, tortuous 


Dilated, tortuous, 
decreased filling 
of RCA 

Dilated, tortuous 


Dilated, tortuous 


Dilated, tortuous 
Dilated, tortuous 


Dilated, tortuous 
delayed filling 
RCA 


Patent - 


Normal 


Abnormal 
Dilated 


Dilated 


Dilated 


Associated Lesions 


‘Mild aortic 


coarctation . 
None 


Mild aortic 
coarctation 

Gregge-Swan 
syndrome, PDA 

Mitral Insufflciency 


Mild coarctation 
(18 mm gradient) 


None 


Apical left 
ventricular 
diverticulum 

Coarctation & 
valvular aortic 
stenosis 

Aorta kinked 

Minor coarctation 

Aorta hypoplastic 


Aorta hypoplastic 
Aorta hypoplastic 


Calcifled mitral 
annulus, mitral 
insufficlancy 

None l 

None 

Absent left renal 
artery, stenosls 
RCA, LCA, LSA 

Stenosis, 
innominate 
artery 

Normal - 


æ 


Surgery or Autopsy 


PDA ligated 


Died without 
surgery 


Diamond patch 
repair 


Died without 
surgery 


Diamond patch 
repalr 


Diamond patch 
repalr, dled 


Diamond patch 
repair, died 


Died at surgery 
Diamond patch 
repair, dled 

Autopsy 
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Autopsy: calcified 


supravalvular 
ring 


Autopsy: died of 


SBE 


Resection of ring 


Died of SBE 


ttn i gp it ih sh sity y= SS 9/8 PH A A sn ND 


ductus arteriosus; P, = pulmonic component of second sound; RCA = right coronary artery; SBE = subacute bacterlal endocarditis; 


S, = ventricular gallop; S, = atrial gallop. 
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eM 


-FIGURE 1. ‘ake 7. A, A roo ` 


+ 
+ 


pee E i a Bae s anglogram: demonstrates the SU>, 6 
i! ayy. _. +’ | pravalvular’ stenosis. B, a later. . 
: ‘SVAS ay Left corahory CASE e serial tilm` shows retention of the’ 
ae ET Tw y | = 666 contrast medium in the: left coronary: 
artery ; s A . 2 . ‘and noncoronary cusps, :indicating 
DR N oa T i a 2 B00 involvement of the valve ieaflet in 
Right coronary ae ee 9 a7 _the supravalvular stenosis. C, the. 
cusp a eft circumflex 4 .= 850 ratio of the diameter at A divided by’ 
ar rer) _ § =.559_ the diameter at B Is helpful in dif- 
- Non-coronary~ : ..7 = 54] ferentiating the-lesion trom ‘vaviular 
cusp: - g 633 aortic stenosis (se6 text): These. _ 
ae dee Lett: coronary ` es 


oe ci 


` 7 
“ 


Seats 78 ‘percent \ were male: Twenty- one -of the 26 


i + patients had normal intelligence ‘and facial appear- 


` ance; 19 had the- sporadic’ form and 2 the familial 

form. The remaining 5 had abnormal facies (4 cases) 

- or mental ‘retardation, or both (3 cases): Three of 

these 5-had the “hypercalcemic syndrome. One had 

'- Marfan’s syndrome, and 1 chad Gregg- Swan’s ma- 
| ternal rubella syndrome. - -` 

*” Symptoms and physical findings: The eee 


= symptom -or. complaint, in order of decreasing’ fre- 


.. quency, was angina pectoris, congestive heart failure 


. or a heart murmur. Physical examination disclosed a 
“> systolic ejection murmur of grade 2-6/6.in all cases. 


In 10 patients the murmur was maximal in the su- 
-prasternal notch. In our’8 patients, careful attention 
' was directed to the point of maximal intensity, and 
in 7 the murmur was maximal in the suprasternal 
“notch ‘and, well transmitted to the neck and. occa- 
sionally to the interscapular area. High- pitched basi- 
lar diastolic. murmurs. were present in 5 patients (27 
percent), and all were of grade 2/6 or less. Ejection 
clicks were infrequent (3 cases): Orie patient had an 
abnormal aortic valve; the remaining 2. had angio- 
graphically normal and nonstenotic aortic valvés.42-43 
‘In mild .supravalvular aortic’ stenosis, 


were usually distinct and borea normal temporal 


- relation: More severe forms were characterized: by a - 


i single second sound, paradoxical splitting of the sec- 
‘ond sound, or third and fourth sound gallops, singly 
or in. combination: Bilateral arm. blood: pressure 


E measurements were available in 16 cases: in 13 pa- 


tients the difference between right and left arm 
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' formed in 19 cases. 


the aortic. 
and pulmonic components of the: second heart sound 


ratios are listed for pares t ta 4 and 
‘4 6t 3 ns 


values was 5 mm Hie or more,. “but i in only 8 was’ it NAS 
mm or more. The lower level'of pressure was usually 
in the left arm..An ‘inequality of carotid pulsations 


was noted. in.5 cases, and in.all but I case the de- 
‘creased pulsation was on the left side. 


.Electrocardiogram: ` - Electrocardiograms ` “were 
available in 21 cases, and all showed an abnormality. 


Seventeen of 21 patients had. a pattern’ ‘of left ven- 


tricular hypertrophy. A “strain” pattern was usual-.- - 
ly present in those with more'severe symptoms. Atri- `- 
al fibrillation. and left: bundle branch: block. were - 

present in 2 patients with severe symptoms.: `~ 


Chest radiograph: In patients with mild. ‘disease, a 
‘the chest radiograph was: normal except for a dimin- . 


utive ‘aortic knob. Cardiac enlafgement- was present’ 
in the 6 patients with more severe disease. Patient 8. 

had extensive valvular and Supravalvular, calcifica- i 
tion noted at fluoroscopy... > a 

Cardiac catheterization: This eT was per:: | 

An angiogrdm demonstrated. 
supravalvular narrowing of the ascending aorta of'an- | 
hourglass configuration ‘immediately distal to’ the .“ 
orifices of the coronary arteries..Seven of our 8 
cases: had biplane static angiograms... The ‘diameter 


at the site of the stenosis was divided by the diame: . . 


ter of the aorta just proximal to the innominate art- , 
ery. In all 7 cases this ratio was 0.85 or less and 
averaged 0.66'(Fig. 1). Conversely; in valvular aortic 
stenosis with its attendant: ‘poststenotic dilation, this. 
ratio is greater than 1.00. s~ T 

Anomalies of the systemic great vessels`were evi- i 
dent in 15 of 21 cases (71.percent). These consisted of; ` 
in order of decreasing frequency, coarctation of the 
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thoracic aorta (5 cases), ostial stenosis or hypoplasia 
of the carotid or subclavian arteries, or’ both (4 
cases), hypoplasia of the aorta (3 cases) and origin of 
the left carotid artery from the innominate artery (2 


cases). Pulmonary angiography was performed in 5 `. 


patients, and in 4 there was mild peripheral pulmo- 
nary arterial stenosis of types I and II according to 
the classification of McCue et al.4* In 3 of these 4 


cases no pressure gradient was demonstrated within - 


the pulmonary arteries. `. 

Angiographic study of the coronary arteries by 
aortic root injection was available in 16 cases, and 
findings were abnormal in 10 cases. Proximal dilata- 
tion and tortuosity were the most common findings. 
Three patients had delayed filling of the right coro- 
nary artery, with definite ostial stenosis in 1. Patient 
7 had decreased filling of the right coronary artery 
but no ostial stenosis was evident at surgery. In the 
immediate postoperative period, he had an inferior 
myocardial infarction from which he made an un- 
eventful recovery. 

The pressure gradient across the stenotic aorta 
ranged from 16 to 158 mm Hg and correlated poorly 
with the severity of symptoms. 

Anatomy of aortic valve: Details on the anatomic 
features of the aortic valve leaflet were available in 
24 cases, and abnormalities were noted in 8. The 
most common abnormalities were involvement of the 
valve cusps in the supravalvular fibrous ring and 
mild thickening of the valve cusps. Doming of the 
aortic valve with associated-aortic valvular stenosis 
was present in 2 cases. In all 24 the aortic valve was 
tricuspid. 4.45 

Mitral insufficiency was present in 12 cases, and i in 
1 case was attributed to bacterial endocarditis. 


Discussion 


Clinical features: Supravalvular aortic stenosis as ` 


seen in adults consists primarily of the sporadic form 
with normal appearance, intelligence, growth and 
development. Only 3 of 26 (11 percent) had the typi- 
cal features of the “hypercalcemie syndrome,” the 
most common type seen in the pediatric age group. 
This finding appears to be due to the lesser severity 
of the sporadic form and the frequent failure of pa- 
tients with the hypercalcemic form to reach adult- 
hood. In adults the lesion also appears to be of con- 
genital origin but only occasionally familial. 48-537 
Published reports suggest that supravalvular aor- 
tic stenosis is rare in adults. In our experience it was 


slightly less common than subaortic stenosis, and ac- - 


counted for 2 percent of all left ventricular outflow 
obstruction in adults. This incidence is comparable 


to that earlier reported without respect to age.*:24. 


A male- preponderance of 4 to 1 was present. 

In adults the general appearance is often not a 
clue to the diagnosis because of normal facies and 
mentality. Angina pectoris is the most common 
symptom and is usually disproportionately severe to 
the degree of outflow obstruction. Inequality of radi- 
al or carotid pulses may first suggest the lesion.58.5® 
The ejection murmur has maximal intensity in the 


suprasternal notch rather than in the aortic area. A’ 


basilar high-pitched diastolic murmur may be pres- 
ent along the left sternal border and is suggestive of 
involvement of the aortic valve leaflet in the supra- 
valvular ring. The aortic component of the second 
heart sound is well preserved in milder cases. Para- 
doxical splitting of the second heart sound and third 
and fourth sound gallops appear with increasing se- 
verity of the lesion. 

The electrocardiogram was abnormal in all cases, 
usually showing left ventricular hypertrophy even 
with mild disease. The chest roentgenogram, in con- 
trast, was normal except in severe supravalvular aor- 


tic stenosis and aided in differentiation from valvular - 


aortic stenosis because of the absence of poststenotic 
dilatation in the former. The barium-filled esopha- 


4 gus may show a double aortic indentation due to the 
. presence of an associated ductus diverticulum.?:2°.38 


Left ventricular enlargement by chest X-ray exami- 
nation is present only in severe supravalvular aortic 
stenosis.’ . 

Cardiac catheterization findings: Cardiac cathe- 


terization may not reveal the degree of obstruction. . 


expected by the severity of the symptoms. Left ven- 
tricular and aortic root angiograms (Fig. 1) are the 
most reliable tests for diagnosis and will delineate 


. the hourglass deformity -just distal to the origin of 


the coronary arteries.3?.69-82 Ag the contrast medium 


is cleared from the aorta it may be retained behind 


the valve cusps in the sinus of Valsalva, indicating 
the valve leaflet to-be adherent to the fibrous ring 
(Fig. 1). This malformation causes a blind pouch 
and may result in an “excluded” coronary artery and 


myocardial ischemia.?4 


There is good correlation between the severity of 


` the clinical disease and abnormalities of the coronary 


arteries. The coronary arteries are usually large and 
tortuous. Impaired perfusion may occur as a result of 

“exclusion” by involvement of the valve cusps in the 
fibrous ring. Pathologically, intimal thickening of the 
coronary arteries is present and may be secondary to 
the increased pressure and turbulence the arteries 
are subjected to by left ventricular ejection into a 
small ngncompliant chamber.** Coronary arterial 
stenosis may be present angiographically. Abnor- 
malities of the coronary arteries, including only di- 
latation and tortuosity, were associated with moder- 
ate to severe symptoms in all cases in this series. 
This finding is consistent with the increased frequen- 
cy and severity of angina pectoris-in this type of out- 
flow obstruction.. 

Prognosis: The prognosis of the Simona pa- 
tient is poor. Sudden death is common. Within 1 
year of diagnosis of our 8 cases, 2 patients died sud- 
denly, and an additional 2 survived myocardial in- 
farction. Patients with normal coronary arteries and 
mild obstruction tolerate the disease well, and sur- 
vival to old age has been reported.?+ Supravalvular 
aortic stenosis associated with congenital rubella is 
usually mild.57 


Surgical indications: Surgical correction, al- 


though it has a high rate of operative risk, is indicat- 


ed unless the disease is mild. The operation involves 


pod 
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ite E at a damod: shaped a over the 
f “narrowed ‘segment: of aorta and freeing of the in- 
`. volved valve leaflets from the fibrous ring. The oper- 
ative mortality in this composite series was: 33 per- 
cent.25-27,29-31,63-71: The high mortality rate is‘. pri- 
marily related -to incorrect preoperative diagnosis 
and failure of surgery to relieve left ventricular out- 
_ flow or coronary arterial obstruction. Dilatation’ of 


. the narrowed - -segment has been unsucceésful."Re- ` 


: Mencarelll L: Sterosi 'sopřavalvolare aortic ad anello. Arch 
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_ section of the fibrous ring and end to end anastomo- 
sis have been successfully performed.®* If the- valve. 
leaflets are severely involved or. calcified:as in Case 


9, or in cases with a hypoplastic arch, replacement. of 


the valve and ascending aorta may :be ‘necessary: to 
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Precordial “whoops” have been heard in association with mitral 
insufficiency. This report of 2 patients is the first to describe whoop- 
ing in association with noniatrogenic tricuspid insufficiency without 
mitral insufficiency. 


The precordial whoop has been defined as a loud, high-pitched vi- 
bratory noise that displays positional or respiratory variation and re- 
sembles the “honk” of a goose or the whoop of whooping cough.! It 
has been previously described mainly in association with mitral 
insufficiency.1* Whoops have been recorded in patients with left- 
sided pneumothorax? and in cases in which tricuspid valve closure 
has been obstructed by a transvenous pacemaker catheter.® We re- 
cently observed whoops associated with noniatrogenic tricuspid 
insufficiency in 2 patients. 


Case Reports 


Case 1: A 49 year old housewife with a 4 year history of progressive right- 
sided heart failure was admitted for cardiac surgery. Cardiac catheteriza- 
tion at the referring hospital revealed severe mitral stenosis without insuffi- 
ciency. The pulmonary arterial pressure was 100/45 mm Hg (mean 62 mm 
Hg). Physical examination revealed a chronically ill woman with clear lungs 
and triphasic venous pulsations observed above the clavicles at a 45° angle. 
An apical impulse without medial retraction was palpable inside the left 
mid-clavicular line. A parasternal impulse was also present. The second 
heart sound was single at the base and was followed by a short diastolic 
murmur. Two murmurs, grade 4/6 high-pitched pansystolic and grade 2/6 
presystolic, were heard best at the lower sternal edge. These murmurs in- 
creased with inspiration, and during this same respiratory phase a systolic 
whoop was audible. The systolic murmur radiated poorly to the apex, and 
the whoop could not be heard there. At the apex an opening snap was heard 
followed by a different (lower frequency) grade 3/6 presystolic murmur unaf- 
fected by respiration. The liver was palpable 2 cm below the right costal 
margin, and expansile pulsation was noted. 

Chest roentgenogram showed clear lung fields with biventricular enlarge- 
ment. Right ventricular hypertrophy and left atrial hypertrophy were dem- 
onstrated on the electrocardiogram. A phonocardiogram recorded at the left 
lower sternal edge (Fig. 1) revealed inspiratory augmentation of the pansys- 
tolic and presystolic murmurs with the appearance of a whoop during inspi- 
ration. With the patient in the left lateral recumbent position, a phonocar- 
diogram recorded at the apex (Fig. 2) demonstrated a pansystolic murmur 
of low amplitude, an opening snap and a different presystolic murmur. No 
respiratory variation or presence of the whoop could be detected in this re- 
cording. 

At operation, the right ventricle was enlarged; the left ventricle was rela- 
tively small. Through the left atrial incision, an extremely stenotic mitral 
valve with minimal calcification was noted, and valvuloplasty was per- 
formed. Postoperatively, the whoop became intermittent during inspiration 
as the right-sided heart pressures decreased. By the sixth day, when the pa- 
tient was clinically free of heart failure, the tricuspid murmur was dimin- 
ished and the whoop was absent. A grade 2/6 apical pansystolic murmur 
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FIGURE 1. Case 1. Phonocardio- 
gram recorded in the fifth intercos- 
tal space at the left sternal edge, 
demonstrating a pansystolic mur- 
mur and a presystolic mur- 
mur, both displaying inspira- 
tory augmentation and the appear- 
ance of a mid-systolic whoop dur- 
ing inspiration. S; = first heart 
sound; Sz = second heart sound. 


FIGURE 2. Case 1. Phonocardio- 
gram recorded at the apex with the 
patient in the left lateral recumbent 
position, demonstrating a pansys- 
tolic murmur (SM) of low amp- 
litute, an opening snap (OS) and a 
different presystolic murmur (DM). 
Respiratory variation or presence 
of the whoop cannot be observed. 


FIGURE 3. Case 2. Phonocardio- 
gram recorded in the fifth intercos- 
tal space at the left sternal edge, 
demonstrating a pansystolic mur- 
mur, a presystolic murmur of vary- 
ing intensity and an intermittent 
late systolic whoop. 
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FIGURE 4. Case 2. Phonocardio- | 
gram recorded at the apex with the | 
patient in the left lateral recumbent 
position, demonstrating a pansys- 
tolic murmur (SM) of low ampli- 
tude, a low-pitched early diastolic 
murmur (EM) and a presystolic 
murmur (DM) without evidence or 
respiratory variation or whooping. 


was heard, uninfluenced by respiratory phase, and the pa- 
tient was discharged 6 days later. 


Case 2: A 19 year old woman with a 2 year history of 
progressive right-sided heart failure, secondary to rheu- 
matic heart disease, was referred for cardiac surgery. Car- 
diac catheterization with cineangiograms at the referring 
hospital revealed moderate aortic insufficiency and severe 
mitral stenosis without insufficiency. The pulmonary arte- 
rial pressure was 122/70 mm Hg (mean 90 mm Hg). Phys- 
ical examination revealed a thin woman who was asymp- 
tomatic at rest. At a 45° angle, there was neck vein dis- 
tension and a triphasic impulse to the base of the jaw. 
The lungs were clear to auscultation. Cardiac examination 
revealed a right parasternal impulse and a left heart bor- 
der at the left mid-clavicular line in the fifth intercostal 
space. The first heart sound and the pulmonary compo- 
nent of the second heart sound were palpable. A harsh 
grade 4/6 systolic ejection murmur and a low-pitched dia- 
stolic blowing murmur were heard at the base. Over the 
inferior medial precordium, a grade 4/6 pansystolic mur- 
mur was heard, uninfluenced by respiration, with an in- 
termittent grade 3/6 systolic whoop. At the apex the mur- 
mur was greatly diminished and the whoop could not be 
heard. A faint opening snap and a grade 2/6 presystolic 
murmur were heard at the apex. The liver was palpable 3 
cm below the right costal margin, and there was a systolic 
expansile pulse. 

The electrocardiogram showed hypertrophy of the left 
atrium, right ventricle and right atrium. A phonocardio- 
gram recorded in the fifth intercostal space at the left 
lower sternal edge (Fig. 3) revealed a pansystolic murmur 
of even intensity, a presystolic murmur with inspiratory 
augmentation and an intermittent systolic whoop. With 
the patient in the left lateral recumbent position, a pho- 
nocardiogram recorded at the apex (Fig. 4) revealed a 
pansystolic murmur of low amplitude, a low-pitched early 
diastolic murmur and a presystolic murmur. No respirato- 
ry variation was observed, and the whoop was not record- 
ed. 

At operation, the right atrium was massively dilated, 
and a prominent jet of blood regurgitating through the tri- 
cuspid valve was palpable. The tricuspid leaflets were 
pliable and mobile, and there was extreme annular dilata- 
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tion. The mitral valve had a pinhole opening, and the 
dense fusions of the medial-lateral commissures were sur- 
gically broken. After valvuloplasty, the jet of tricuspid 
insufficiency was diminished, and the whoop was not 
heard. The patient’s course was complicated by neurologic 
problems and arrhythmias, and she died on the sixth 
postoperative day. At postmortem examination, the tri- 
cuspid valve leaflets were supple, and the ring circumfer- 
ence was 12 cm. The mitral valve leaflets were thickened 
but uncalcified. There was ventricular agano with 
the right ventricle larger than the left. 


Comment 

We have presented case histories of 2 women with 
right-sided heart failure and tricuspid insufficiency 
associated with an intermittent systolic whoop. In 
both cases, the tricuspid insufficiency was secondary 
to pulmonary hypertension and mitral stenosis. The 
absence of mitral insufficiency was established by 
cardiac catheterization and direct observation at op- 
eration. The whoop disappeared after alleviation of 
the tricuspid insufficiency. Both patients evidenced 
a presystolic murmur augmented with inspiration, a 
phenomenon previously recognized in patients with 
pulmonary hypertension.® 

The cause of the whoop remains unclear, and more 
than one mechanism may be responsible. The respi- 
ratory variation and the disappearance with hemo- 
dynamic change suggest an intracardiac hemody- 
namic mechanism. Much of the hypothesis of Behar 
et al.1 concerning genesis of the whoop in mitral 
insufficiency may be applied to the whoop associated 
with tricuspid insufficiency. It is possible that with. 
increased pressures, changes in tension on the tricus- 
pid leaflets or papillary muscles may produce 
whooping sounds in these structures or cause second- 
ary vibrations in the ventricular wall. Because of 
increased right ventricular pressure, “ballooning” of 
a tricuspid leaflet into the right atrium may occur 
and produce vibrations in the surrounding struc- 
tures. With correction of the underlying problem, 
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mitral stenosis, there was a decrease in the right 
heart pressures and diminution of the tricuspid 
insufficiency as evidenced by the improvement in 
clinical signs and disappearance of the whoop. 
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A case of incomplete differentiation of the cardiac valves is present- 
ed because of the antemortem demonstration of continuous visuali- 
zation of the valvular structures on angiograms. We suggest that this 
angiographic finding in a child with congenital heart disease should 
raise the possibility of this lesion. 


The term “incomplete differentiation” refers to grossly irregular or 
warty nodularity of cardiac valves occurring as a congenital defect 
and representing arrest of valvular maturation at 8 to 12 weeks of 
fetal life. Lacking normal leaflet development, these valves have the 
potential to be either obstructive or insufficient. Diagnosis before 
death is seldom made and, since the condition is often associated 
with other serious cardiac defects, it is frequently overlooked at au- 
topsy. Recently we studied an infant who had several congenital 
heart defects and whose angiograms demonstrated visualization of 
heart valves during both systole and diastole. He was subsequently 
proved at autopsy to have incomplete differentiation of all 4 cardiac 
valves. This case, representing the first angiographic demonstration 
of incomplete differentiation of cardiac valves, is reported because of 
the significance of this finding in a patient who might be considered 
for palliative or definitive surgery. 


Case History 


The patient, a newborn infant, was the product of a full-term pregnancy. 
Moderate cyanosis was noted at birth. On examination all pulses were pal- 
pable but decreased in amplitude. Increased mid-precordial activity and a 
palpable thrill accompanied the auscultatory findings of a grade 5/6 
holosystolic mid-sternal murmur. Separate components of the second heart 
sound could not be distinguished. Prominent hepatosplenomegaly, dyspnea 
and tachypnea indicated serious compromise in cardiac function. Chest 
roentgenogram revealed an increase in heart size with slight increase in pul- 
monary vascular markings. The electrocardiogram was normal for a new- 
born. 

The initial impression was that the infant had transposition of the great 
vessels and a ventricular septal defect. Because of increasing cyanosis and 
respiratory distress, cardiac catheterization was accomplished on the first 
day of life. Umbilical vein catheterization permitted entry into all cardiac 
chambers, and umbilical artery catheterization allowed access to the great 
vessels with repetitive retrograde passage across a large ductus arteriosus. 
In brief, catheterization revealed a 30 mm Hg systolic pulmonary valve gra- 
dient, 9 mm Hg end-diastolic mitral valve gradient, pulmonary hyperten- 
sion, patent ductus arteriosus and coarctation of the aorta. The angiograms 
(Fig. 1 and 2) revealed that, when the contrast material was in the cardiac 
chambers and great vessels, the atrioventricular and semilunar valves were 
delineated as prominent radiolucent structures. The valves were readily 
discernible during both systole and diastole; the significance of this finding 
was not appreciated at the time. In addition, there appeared to be dimin- 
ished contractility of the left ventricle, a small ascending aorta and an aor- 
tic coarctation proximal to the ductus arteriosus. Because of continuing de- 
terioration, cardiac surgery was attempted; however, the patient did not 
survive. 

Pertinent autopsy findings were limited to the heart and revealed normal 
position of the great vessels and venous structures. There was a large patent 
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FIGURE 1. Right ventricular angiogram in the lateral view dem- 
onstrating the radiolucent pulmonary valve (arrow). This valve 
was visualized during both systole and diastole. 





and nodular. 


FIGURE 4. Pulmonary valve 
i (arrow) 
Ż stenotic. 


FIGURE 3. Tricuspid valve 
(arrow) is least involved of 
Ħall 4 valves but is thickened 


foramen ovale; the tricuspid valve was composed of 3 
cusps but was nodular (Fig. 3). The right ventricle was 
enlarged with a hypertrophied wall. The papillary muscles 
were normal. The pulmonary valve was bicuspid and also 
showed nodularity (Fig. 4). The pulmonary trunk was di- 
lated to a diameter of 2.5 cm. The mitral valve (Fig. 5) 
was also incompletely differentiated, and the aortic valve 
was bicuspid, thickened and nodular (Fig. 6). Coarctation 
of the aorta and patent ductus arteriosus were present. 
The conclusion was incomplete differentiation of all 4 
heart valves with bicuspid aortic and pulmonic valves, 
coarctation of the aorta, patent ductus arteriosus, patent 
foramen ovale and hypoplasia of left ventricle and ascend- 
ing aorta. 


Discussion 


The surprising findings at autopsy of marked in- 
complete differentation of all 4 cardiac valves 
prompted review of all premortem data to determine 
if this condition could have been suspected by clini- 
cal or catheterization findings. In retrospect, a more 
critical consideration of the presence of the transval- 
vular gradients (mitral and pulmonic) as well as the 
prominent radiolucency of the valves in the contrast- 


FIGURE 2. Left atrial angiogram reveals 
radiolucency of both aortic (A) and mitral 
(B) valves (arrows). The valvular lucency 
was visible during both systole and diastole. 
In A, right atrial filling is visible as well as 
the left atrial appendage, left ventricle and 
ascending aorta. In B, the large pulmonary 
artery is visible to the left of the hypoplastic 
ascending aorta, which fails to fill beyond 
the aortic arch coarctation. 
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filled chambers and great vessels would have allowed 
a correct diagnosis. The angiographic observations 
were unique in our experience and appeared to be 
without precedent in the medical literature. 

The term incomplete differentiation of the cardiac 
valves was first employed by Abbott! in her atlas in 
1936. According to the bias of the pathologist in 
looking at these valves grossly, various terms have 
been used to describe this abnormality including, 
among others, myxomatosis, myxoma, mucinous 
fetal endocardiosis, fibromyxoma, congenital myxo- 
ma, myxoma dysplasia, hamartoma. Grossly these 
valves present a glistening, translucent, nodular 
swelling of the leaflets. The leaflets are firm and 
non-friable. Single, several or all 4 valves may be in- 
volved in a decreasing frequency of occurrence. Mi- 
croscopically the valves represent poorly differentiat- 
ed valvular tissue. The valves are covered by a nor- 
mal-appearing endothelial layer, whereas the inner 
material of the valve proper appears eosinophilic on 
staining. The valves represent a lack of development 
beyond the 8 to 12 week stage of fetal life and are 
similar histochemically to valves of that age fetus.? 

The most extensive and complete review of incom- 


FIGURE 5. Mitral 
(arrow on leading edge) 
P=" Ademonstrates marked thick- 
-ening and nodularity. 


FIGURE 6. 
nodular appearance of mitral 
valve (thin arrow) and poorly 
formed aortic valve (blunt 
leading to a hypo- 
plastic ascending aorta. 


valve 






View showing. 


plete differentiation of cardiac valves was provided 
by Hyams and Manion.? Several associated abnor- 
malities have been described with this lesion, includ- 
ing endocardial sclerosis; however, the valvular ab- 
normality does not appear to be an extension of this 
process. Intrauterine or postnatal infection as a 
cause has been generally excluded except for occa- 
sional occurrence with the rubella syndrome.3 The 
most common congenital cardiac defect accompa- 
nying the lesion is an interventricular septal defect, 
which is the most frequently reported congenital de- 
fect in surveys. When the aortic valve is involved, 
there is a significant incidence of myocardial isch- 
emia which is generally rare in other types of congeni- 
tal heart disease. Only 1 of Hyams and Manion’s 73 
cases had, as did our patient, involvement of all 4 
valves. These investigators did not report results of 
antemortem angiograms. After reviewing the angio- 
grams, we propose that consistent visualization of 
valves within the contrast media, during both systole 
and diastole, should raise the possibility of incom- 
plete valvular differentiation. The consistent visual- 
ization is possible because of excessive valvular 
thickness. 
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A 32 year old man with the facioscapulohumeral (Landouzy-Dejer- 
ine) type of muscular dystrophy was evaluated because of a slow 
pulse rate. Hemodynamic studies were performed at rest and during 
ventricular pacing. The patient’s atria were found to be electrically 
and mechanically silent. This unusual disorder of permanent atrial 
paralysis (standstill) is reviewed. There seems to be more than a 
casual relation between permanent atrial paralysis and this form of 
muscular dystrophy. 


Permanent atrial paralysis or standstill is a rare event. The first doc- 
umentation of this disorder was in 1965, in a patient with facioscapu- 
lohumeral muscular dystrophy.! Isolated case reports have subse- 
quently appeared in the foreign literature.2-7 Allensworth et al.8 and 
Nagle et al.9 have separately reported the familial occurrence of atri- 
al paralysis. This paper describes a patient with persistent atrial pa- 
ralysis and facioscapulohumeral muscular dystrophy. 


Case Report 


A 32 year old man with facioscapulohumeral muscular dystrophy was 
evaluated by the Cardiology Service at Grady Memorial Hospital because of 
a slow pulse rate. He gave a history of progressive muscular weakness and 
atrophy since age 12 years, when elbow contractures developed, and he has 
subsequently experienced finger contractures. At age 28 years, he was diag- 
nosed as having a facioscapulohumeral type of muscular dystrophy. 

In 1962 a “flu-like” syndrome developed in the patient, and he received a 
sulfonamide preparation. After taking this drug for 24 hours, he noticed 
that his pulse rate suddenly decreased to 40 beats/min, and he became 
light-headed. He discontinued use of the antibiotic agent, and his pulse re- 
turned to normal within 24 hours. In 1963 he was given the same sulfonom- 
ide preparation, his pulse rate again suddenly decreased, and bradycardia 
has persisted since that time. In January 1968 transient expressive aphasia 
and right hemiparesis developed. Since this episode he has been taking oral 
anticoagulant agents. He specifically denies symptoms referable to the car- 
diovascular system with the exception of a slow pulse rate. He is able to 
mow his lawn slowly with a power mower and rides an exercise bicycle daily 
at home. 

Physical examination revealed a thin man with marked muscle wasting 
in the arms and shoulder girdle. The anteroposterior diameter of the chest 
was narrow, there was lack of normal dorsal kyphosis and mild scoliosis was 
present (Fig. 1, A and B). Blood pressure was 120/60 mm Hg, and his pulse 
was regular at 44 beats/min. Pulsus alternans or paradoxus was not pres- 
ent. The jugular venous pulse was prominent at 45°, and there was an ab- 
sence of the A wave, although the c, x, v, y and h waves were easily identi- 
fied (Fig. 2). The apex impulse was in the sixth left interspace at the left 
anterior axillary line. An early systolic thrust and late systolic wave were 
palpated. The first heart sound was normal. A prominent systolic ejection 
click was heard at the left sternal border. The second sound was widely 
split on inspiration and did not completely close with expiration, and a 
ventricular filling sound (S3) was present. A grade 2/6 systolic ejection 
murmur was audible along the left sternal border and in the pulmonary ar- 
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FIGURE 1. Anterior (A) and poste- 
rior (B) views of patient showing 
muscle wasting in shoulder girdle, 
pectoral and scapular areas. Note 
scoliosis. 





FIGURE 2. Right atrial pressure tracing 
showing absence of mechanical atrial activi- 
ty and bradycardia. 


FIGURE 3. Chest roentgenograms showing 
(A) cardiomegaly (pancake heart) with sco- 
liosis and (B) straight spine and narrow an- 
teroposterior diameter. 
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FIGURE 4. Scalar electrocardiogram and 
vectorcardiogram revealing bradycardia, ab- 
sent P waves, left anterior hemiblock and 
anterior dead zone. 
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terial area. An early decrescendo diastolic murmur fol- 
lowing the second component of the second heart sound 
was thought to represent mild pulmonary valvular insuffi- 
ciency. The chest roentgenogram revealed scoliosis, nar- 
row anteroposterior diameter and a “‘pancake” heart (Fig. 
3). 

An electrocardiogram and vectorcardiogram showed 
bradycardia, absence of P waves, left axis deviation and 
an initial 0.04 second vector consistent with an anterior 
dead zone (Fig. 4). Esophageal electrocardiograms failed 
to demonstrate atrial activity. Continuous electrocardio- 
graphic monitoring (Holter Monitor—Avionics Inc.) was 
performed, and ambulatory findings showed the patient’s 
heart rate to range between 40 and 76 beats/min without 
evidence of P waves. Administration of atropine sulfate 
and sublingually administered isoproterenol increased his 
heart rate (Fig. 5), but the patient was unable to tolerate 
these drugs. 


0.6 mg 
atropine S04 


HR 65/min 


FIGURE 5. Heart rate response before and 
after atropine. 


Combined right and left heart catheterization with left 
ventricular cineangiography was performed. Hemodynam- 
ic data were obtained at rest and during right ventricular 
pacing (Table I). Pressure curve analysis and intracavitary 
electrocardiograms from the right atrium revealed no me- 
chanical or electrical atrial activity (Fig. 6). Unsuccessful 
attempts were made to electrically pace the right atrium 
with use of a bipolar pacing catheter. Left ventricular cine- 
angiograms revealed a large left ventricular cavity with- 
out evidence of contraction abnormalities. Mitral regurgi- 
tation was not present, although the mitral valve bal- 
looned into the left atrium in late systole. 

The patient was discharged from the hospital with no 
specific therapy, and has had no cardiovascular symp- 


toms. E i 
Discussion 


Atrial paralysis may be either temporary or per- 
manent. Temporary causes, reviewed by Bloomfield 
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FIGURE 6. External electrocardiogram (E) 
and intracavitary electrogram (|) showing ab- 
sence of electrical and atrial activity. RV 


TABLE | 
Cardiac Catheterization Findings 








Basal Pacing 
Heart rate (beats/min) 48 80 
Pressures (mm Hg) 
Right atrial mean 13 
Right ventricular 42/13 wa 
Pulmonary arterial 37/18(24) 33/17(22) 
Aortic 145/78(100) 140/78(100) 
Left ventricular 118/20 pa 
Cardiac index (liters/min per m?) 3.44 5.28 
Left ventricular stroke work index 97.4 89.7 
(g-m/beat per m?) 
Mean systolic ejection rate (cc/sec) 147 254 
Cineangiographic ventricular volumes 
(ml/sec per m?) 
End-systolic volume 34 
End-diastolic volume 113 
Ejection fraction 0.70 


Mean values are shown in parentheses. 


TABLE Il 


Diagnostic Criteria for Permanent Atrial Paralysis 





|. Absence of P waves on scalar, esophageal and intracardiac 
electrocardiograms 
Il. Absence of A waves on jugular venous pulse and right atrial 
pressure tracing 
Ill. Supraventricular type QRS 
IV. Immobility of atria on fluoroscopy 
V. Inability to electrically stimulate the atria 





and Sinclair-Smith,! include the terminal phase of 
myocardial infarction, hyperkalemia, digitalis over- 
dose and quinidine overdose. Temporary atrial paral- 
ysis also commonly occurs after open heart surgery 
in which a technique of anoxic arrest is used while 
the patient is on cardiopulmonary bypass. In this 
setting, atrial paralysis may last for a period of from 
12 hours to 8 days.11 

Permanent atrial paralysis: This condition is 
rare with only a few documented cases reported. Cri- 
teria for the diagnosis of this disorder are enumerat- 
ed in Table II. In 1925 Lewis!? reported a patient 
with atrial arrest of 15 months’ duration. Chavez et 
al.2 in 1946 discussed a patient with atrial paralysis 


who at necropsy showed degeneration and sclerosis 
of the sinoatrial node and interstitial inflammation 
of the atrial wall. In 1965 Bloomfield and Sinclair- 
Smith! reported the first well documented case of 
atrial paralysis. The patient had the facioscapulo- 
humeral type of muscular dystrophy, and left axis 
deviation was present on the electrocardiogram. 
Hemodynamic studies demonstrated mildly in- 
creased mean right atrial, right ventricular end-dia- 
stolic and pulmonary arterial pressure and a normal 
cardiac index. Heart rate and cardiac index rose in 
their patient after the administration of atropine sul- 
fate. A similar patient has been reported by Capo- 
netto et al.’ Wada et al.? discussed the case of a 46 
year old man with atrial paralysis and a heart rate of 
26 beats/min. Hemodynamic studies were not per- 
formed, but cardiac fluoroscopic and esophageal 
electrocardiographic examinations failed to demon- 
strate any evidence of electrical or mechanical atrial 
activity. A patient without atrial activity with a ven- 
tricular escape rhythm was reported by Nasi and 
Legnani.* Delange et al.5 reviewed findings in a pa- 
tient with permanent atrial paralysis of 5 years’ du- 
ration. The patient failed to show atrial activity by 
esophageal electrocardiographic or fluoroscopic 
study. Raynaud et al.® discussed a 73 year old pa- 
tient with a 5 year history of congestive heart failure, 
cardiomegaly and atrial paralysis. At necropsy, the 
atria were greatly enlarged and paper-thin with very 
little atrial myocardium present on microscopic ex- 
amination. This situation is similar to that seen in 
Uhl’s anomaly of the right ventricle.1° Allensworth 
et al.® reported a family in which 3 siblings had atri- 
al paralysis with slow heart rates ranging from 37 to 
48 beats/min. Amyloid deposits were found on an 
atrial biopsy specimen in 1 of these patients at the 
time of insertion of a permanent epicardial pacemak- 
er, and amyloidosis was suspected in the other sib- 
lings. Cardiac catheterization findings were normal 
except for the absence of electrical and mechanical 
activity within the atrium and an inability to electri- 
cally pace the atrium. Recently, Rosen et al.13 de- 
scribed His bundle electrograms from a patient with 
permanent atrial paralysis and correlated the find- 
ings with autopsy data. The patient was a 77 year 
old woman who 4 years before death had atrial fibril- 
lation with fine fibrillatory waves similar to those of 
the patient described by Lewis.12 She subsequently 
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had a high degree of atrioventricular block treated 
with ventricular pacing. Four years after the initial 
evaluation, she was found to have atrial paralysis 
with a junctional escape rhythm and pacemaker fail- 
ure. At the time of her His bundle electrogram, the 
atria were electrically inexcitable. His bundle elec- 
trographic studies revealed an H-Q time of 60 msec 
(normal 35 to 55). The patient died of ventricular ar- 
rhythmias while awaiting permanent pacemaker in- 
sertion. At necropsy, she was found to have fatty in- 
filtration, cellular degeneration and fibroelastosis of 
the atrium. The atrioventricular and sinoatrial nodes 
were only moderately involved. Left-sided cardiac 
skeletal sclerosis was present and disrupted the 
branching portion of the His bundle. 
Cardiomyopathy of the nonmyotonic muscular 
dystrophies: This condition has been extensively re- 
viewed by Perloff et al.14:15 The greatest incidence of 
myocardial disease is found in patients with muscu- 
lar dystrophy of the Duchenne or limb girdle with 
pseudohypertrophy type. In the former, the electro- 
cardiogram is characteristic, with tall, right precor- 
dial R waves and deep Q waves in the limb and lat- 
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eral precordial leads.1® Pathologically, the cardiomy- 
opathy of muscular dystrophy is characterized by fi- 
brosis and myocardial degeneration. Noninflamma- 
tory degeneration of the small coronary arteries has 
been reported by James,1* and these changes have 
been incriminated in the pathogenesis of cardiomy- 
opathy and the occurence of arrhythmias and sudden 
death. Overt heart muscle disease was rarely found 
in the facioscapulohumeral (Landouzy-Dejerine) 
type of muscular dystrophy. The most consistently 
reported abnormality in the latter group is the pres- 
ence of left axis deviation on the scalar electrocardio- 
gram. 

In our patient the onset of the slow heart rate was 
temporarily related to sulfonamide therapy. Myocar- 
ditis has been related to ingestion of sulfonamide an- 
tibiotic agents.18 The exact cause of persistent atrial 
paralysis in our patient is not known. The problem 
may be secondary to his muscular dystrophy, sulfon- 
amide myocarditis, the idiopathic pathologic 
changes described separately by Chavez,? Raynaud® 
and Rosen?! and their co-workers, or a combination of 
these factors. 
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A case of osteogenesis imperfecta with aortic regurgitation is de- 
scribed. The patient is the first whose aortic root abnormalities ac- 
counting for the aortic regurgitation were characterized by cardiac 
catheterization and angiography. The patient had a dilated aortic 
valve ring and an aneurysm of the sinus of Valsalva. The similarity of 
these findings to the cardiovascular abnormalities found in other 
types of connective tissue disorders is discussed and a common 
Cause is suggested. 


Aortic valvular regurgitation in patients with osteogenesis imper- 
fecta is a manifestation of the underlying abnormality of collagen 
observed in patients with this disorder. Largely because of the 
orthopedic morbidity and mortality associated with this disease, the 
cardiovascular lesions, which are usually not apparent until adult- 
hood, seldom come to the clinician’s attention. The exact nature of 
the aortic valvular lesion has not been previously described. This is 
the first reported case of osteogenesis imperfecta in which aortic val- 
vular regurgitation was characterized by cardiac catheterization and 


angiography. 
Case Report 


A 32 year old white man was the product of a normal term pregnancy and 
delivery; at age 22 months he had a left femoral fracture. Blue sclerae were 
noted in the patient and in his mother at that time, and the family history 
obtained (Fig. 1) suggested an inherited connective tissue disorder. In the 
succeeding 25 years, progressive deformity resulted from more than 30 frac- 
tures of the bones in his legs, hands and arms which occurred with little or 
no apparent trauma. Since the age of 17 years, roentgenograms revealed 
marked osteoporosis. Although the patient has had no bone fractures for the 
past 5 years, skeletal deformity has necessitated the use of crutches for 
most walking in the past 15 years. 

At age 20 years, hypertension was first noted. Three years later the pa- 
tient was hospitalized to evaluate blood pressures in the range of 210/140 
mm Hg. At that time the cardiac examination was normal. Retinal arterial 
spasm was noted. Urinalysis was normal except for a protein value of 15 
mg/100 ml. Serum urea nitrogen and electrolyte values, renal radioactive 
scan, intravenous pyelogram and renal arteriogram were all normal. Subse- 
quently his blood pressures have been maintained in the range of 150 to 
170/80 to 100 mm Hg with the use of thiazide. 

When first seen at this hospital at age 30 years, he had a heart murmur 
due to aortic regurgitation. Review of previous hospital records failed to re- 
veal prior description of such a murmur. The patient specifically denied 
symptoms of acute rheumatic fever, chest pain or congestive cardiac failure. 
Photographs taken at that time (Fig. 2) revealed an obese man with exten- 
sive orthopedic deformities due to his old fractures and a triangular, bra- 
chycephalic skull. Blue discoloration of the sclerae, tympanic membranes 
and nail lunae were noted. Blood pressure was 140/80 mm Hg in both arms. 
Carotid pulse upstroke was brisk, and no carotid thrills were felt. The max- 
imal cardiac impulse was 15 cm to the left of the mid-sternal line in the 
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FIGURE 1. Pedigree of patient (arrow) with osteogenesis 
imperfecta and aortic valvular regurgitation. 


fifth and sixth intercostal spaces and was characteristic of 
left ventricular enlargement. No cardiac thrills were pres- 
ent. The first heart sound was normal, the second heart 
sound was of normal character, and its splitting varied 
normally with respiration. A grade 3/6 early diastolic 
high-pitched decrescendo murmur was heard over the en- 
tire precordium but was loudest along the lower left ster- 
nal border. The murmur did not radiate into the neck. No 
systolic murmur was heard. Audiometric studies revealed 
a 10 percent mixed hearing loss in the left ear. Increased 
QRS voltage on the electrocardiogram suggested left ven- 
tricular hypertrophy. No specific chamber enlargement 
was identified on the chest roentgenogram, but the aortic 
root was noted to be mildly dilated. The Venereal Disease 
Research Laboratory and fluorescent treponemal antibody 
tests were nonreactive. 

At cardiac catheterization the resting mean right atrial 
(6 mm Hg), right ventricular (28/6 mm Hg) and pulmo- 
nary arterial (28/12 mm Hg) pressures were normal. No 
tricuspid or pulmonic stenosis was noted. Left ventricular 
pressure was normal at 146/12 mm Hg and the simulta- 
neous brachial arterial pressure was 146/75 mm Hg, thus 
ruling out aortic stenosis. On simultaneous records of the 
pulmonary capillary wedge pressure and left ventricular 
pressure, no diastolic pressure gradient was noted, thus 
ruling out hemodynamically significant mitral stenosis. 
No mitral regurgitation was visualized on a biplane left 
ventricular angiogram. From these films, the end-diastolic 
and end-systolic volumes of 160 cc (68 cc/m?) and 42 cc 
(18 cc/m?), respectively, were measured according to the 
technique of Dodge et al.! Since the heart rate during an- 
giography was 78 beats/min, the total left ventricular out- 
put was calculated to be 9.2 liters/min (3.93 liters/min 
per m?). Comparison of this to the systemic blood flow of 
8.16 liters/min (3.49 liters/min per m?) measured at a 
heart rate of 72 beats/min from an indocyanine green dye 
curve obtained immediately before the left ventricular an- 
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giogram, allows the amount of aortic regurgitation to be 
calculated at 1,040 cc/min. The left ventricular mass cal- 
culated from the biplane left ventricular angiogram? was 
significantly increased to 521 g (223 g/m?). Left ventricu- 
lar ejection fraction was normal at 0.74. 

An aortic cineangiogram exposed at 60 frames/sec with 
the patient in the left anterior oblique position after the 
injection of 70 cc of Hypaque* contrast material con- 
firmed the presence of mild aortic valvular regurgitation. 
Three cusps on the aortic valve were identified. No valvu- 
lar calcification was seen. The aortic root was enlarged, 
and a patulous aortic valve ring, rather than intrinsic val- 
vular cusp abnormalities, accounted for the aortic regurgi- 
tation. There was a discrete aneurysmal dilatation of the 
left sinus of Valsalva (Fig. 3). The visualized coronary ar- 
teries appeared grossly normal. Mild dilatation of the as- 
cending aorta was demonstrated. There was no evidence 
of aortic dissection. 

In September 1971, at age 32 years, the patient noted 
painless hematuria. Intravenous and retrograde pyelo- 
grams suggested a mass lesion in the left kidney. Cystos- 
copic study showed bleeding from the left ureter. Arterio- 
grams demonstrated a vascular tumor on the lateral mar- 
gin of the left renal cortex measuring 3 cm in diameter. 
The visualized renal vessels were normal. Nephrectomy 
was performed, and the tumor proved to be a hyper- 
nephroma. Gross and microscopic examination of the kid- 
ney and vessels was otherwise normal. In particular, no 
evidence of cystic medial necrosis was noted. 


ow 


Lari 





FIGURE 2. Photographs of patient described with osteogenesis 
imperfecta. Deformities of limbs due to previous fractures and 
typical skull configuration are demonstrated. 
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Comments 


Hass? described a family affected with osteogenesis 
imperfecta in which 1 member had aortic valvular 
regurgitation as well as mitral stenosis and regurgi- 
tation, a second member had mitral regurgitation, 
and 6 other members had heart disease of an unspe- 
cified type. Browell and Drake* catheterized a pa- 
tient with osteogenesis imperfecta and aortic valvu- 
lar regurgitation and found no significant hemody- 
namic abnormalities, but angiography was not per- 
formed. In view of the calcified aortic valve, they 
suggested that the aortic valvular regurgitation in 
their patient might not be due to the osteogenesis 
imperfecta. 

Criscitiello et al.5 described 3 patients with osteo- 
genesis imperfecta associated with regurgitation. In 2 
of these patients the diagnosis was obtained by using 
noninvasive techniques, and therefore the nature of 
the aortic abnormality was not definitely defined. 
Their third patient had subacute bacterial endocar- 
ditis 6 years before aortic valve replacement, so it 
appeared that the bicuspid, shrunken aortic valvular 
cusps, 1 partially dehisced from the aortic wall and 1 
with a small perforation, might be due to the previous 
endocarditis rather than to osteogenesis imperfecta. 
Thinning and cystic medial necrosis of the aortic wall 
were identified in this patient. __ 

The aortic lesions demonstrated in our patient are 
probably related to the presumed collagen abnormal- 
ity or other metabolic derangement underlying oste- 
Ogenesis imperfecta. These cardiovascular abnor- 





\ 
\ 
IEPS: ~ 


a Aorta 


Valsalva 


"vies Sinus 


Patulous 
Aortic Root 


Regurgitation 
of Contrast 


FIGURE 3. Aortogram with the patient in the 
Material 


left anterior oblique position shows patulous 
aortic root, aneurysm of the left sinus of Val- 
salva and regurgitation of contrast material 


ae into the left ventricle. A second catheter is 


positioned in the pulmonary arterial wedge 
position. 


malities are also encountered in patients afflicted 
with other connective tissue disorders. For example, 
several patients with Marfan’s syndrome and aneu- 
rysms of the sinus of Valsalva have been previously 
described.®1° One patient! with the Ehlers-Danlos 
syndrome also had an aneurysm of the sinus of Val- 
salva associated with aortic valvular regurgitation. It 
is estimated that dilatation of the aortic ring is 
found in about 10 percent of cases of Marfan’s syn- 
drome.'* The fact that the section of renal artery re- 
sected from our patient was normal is not unexpect- 
ed, because a peripheral arterial biopsy specimen is 
often normal in patients with Marfan syndrome even 
in the presence of aortic aneurysm. 

Although the measured amount of aortic valvular 
regurgitation is relatively small, it is probably a 
hemodynamically significant lesion for this patient. 
There was no clinical or catheterization evidence of 
cardiac decompensation; however, significant left 
ventricular hypertrophy was documented at cathe- 
terization. Whether the latter was due to the addi- 
tional left ventricular load imposed by the patient’s 
aortic valvular regurgitation or his mild systemic 
hypertension is difficult to determine. In view of the 
left ventricular hypertrophy as well as the high inci- 
dence of aortic dissection and aneurysmal formation 
in connective tissue disorders closely related to oste- 
ogenesis imperfecta, we conclude that vigorous anti- 
hypertensive treatment is necessary for this patient. 
However, systemic hypertension, as manifested by 
this patient, is frequently associated with pseudo- 
xanthoma elasticum, a related connective tissue dis- 
order.1® 
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A third case of congenital marked hypoplasia of the right ventricular 
myocardium (Uhi’s anomaly) associated with pulmonary valvular 
atresia and absent tricuspid leaflets is reported. The anatomic differ- 
ences between this disease, hypoplasia of the right ventricle and 
Ebstein’s anomaly are discussed. During the neonatal period the 
Clinical diagnosis is difficult. Malformations like tricuspid atresia, 
pulmonary atresia with intact ventricular septum and Ebstein’s anom- 
aly can all give almost the same clinical picture. The prognosis of the 
complete form of Uhl’s anomaly remains poor. 


Congenital hypoplasia of the right ventricular myocardium, also 
known as “parchment heart” or Uhl’s anomaly, is a rare congenital 
heart defect. It was first described in Osler’s Principles and Practice 
of Medicine in 1905 and reviewed by Segall.1 We have found 23 re- 
ported cases.1-16 Zuberbuhler and Blank? and Froment et al.15 have 
reviewed the subject extensively. Neimann et al.12 in 1965 reported 1 
case of Uhl’s anomaly associated with tricuspid hypoplasia and pul- 
monary atresia and referred to another in the same publication. Our 
patient is the third reported with this association and the youngest. 
The diagnosis was made postmortem, the clinical impression being 
Ebstein’s anomaly. We believe the rarity of the anomaly and the 
problem of differential diagnosis during the neonatal period justify 
the reporting of this case. 


Case Report 


A white newborn girl was referred to |’Hépital Sainte-Justine, Montreal, 
at 19 hours of life because of cyanosis. The child was the product of an un- 
eventful 38 week pregnancy and a normal spontaneous delivery. She 
weighed 6 lb, 3 oz at birth and was noted to be slightly cyanotic. 

On admission, she was moderately cyanotic with a respiratory rate of 90/ 
min and a regular heart rate of 130 beats/min. Peripheral pulses were nor- 
mal, and the lungs were clear. The heart sounds were distant with a dimin- 
ished second sound, and there was a gallop rhythm. No murmurs were 
heard. The liver edge was felt 1 cm below the right costal margin. The 
physical examination was otherwise normal. X-ray films of the chest (Fig. 
1) showed considerable enlargement of the heart with a prominent right 
atrium and ventricle and elevation of the apex. The pulmonary vasculature 
was decreased. The electrocardiogram (Fig. 2) disclosed a heart rate of 
140/min, a P-R interval of 0.12 second, a QRS interval of 0.07 second and a 
mean QRS axis in the frontal plane of 110°. The P waves were tall (4 mm) 
in leads II, VR, Vi and V2 with an R wave of 2.5 mm in leads V3R and V: 
and an rsR’ pattern in V1. QRS complexes were generally small. The clini- 
cal impression was Ebstein’s anomaly. The patient was digitalized on the 
day of admission and remained fairly well until the third day when rapidly 
worsening respiratory distress developed which was unresponsive to treat- 
ment. The patient died at age 2 1/2 days. 
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FIGURE 1. Chest roentgenograms 
(posteroanterior and lateral) at 19 
hours of life, showing marked car- 
diomegaly with prominent right 
atrium. 


Autopsy 


Significant findings were limited to the chest organs 
and liver. In both lungs there were focal areas of atelec- 
tasis. The right lung weighed 20 g, the left 17 g. The heart 
and the great vessels weighed 24 g. The right atrium was 
markedly dilated and thin-walled with normal coronary 
sinus and caval openings. At the level of the foramen 
ovale there was a 15 by 7 mm septal defect. The tricuspid 
ring was normally placed and was 7 cm in circumference. 
There were no identifiable valve leaflets, only a few very 
thin chordae originating at the level of the tricuspid ring 
and directly attached to the right ventricular wall. The 
right ventricular cavity was also extremely dilated with a 
thin transparent wall never exceeding 1 mm (Fig. 3). 
There was atresia of the pulmonary valve and moderate 
hypoplasia of the pulmonary arteries. The ductus arterio- 
sus was patent with an internal diameter of 2 mm. The 
left atrium and ventricle and the mitral and aortic valves 
were normal. The aorta, the coronary arteries and their 
branches were also normal. The liver was congested and 
weighed 109 g. 


FIGURE 3. Heart at rye A, 
opened to show right side. The free 


wall of the right ventricle appears 
extremely thin. Arrows point to the 
fine chordae originating at the level 
of the tricuspid ring. No valvular 
leaflets are visible. B, same speci- 
men held against light, showing the 
thin, translucent wall of the right 
ventricle. 
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On microscopic examination, the right ventricular wall 
(Fig. 4) was very thin, but in no area could total absence 
of myocardial fibers be demonstrated. The left ventricle 
and coronary arteries were histologically normal. 


Comments 


kn our review of the literature, 13 of 23 cases in- 
volved infants. Only 4 of those cases?-4:5:7 with par- 
tial or complete absence of right ventricular muscu- 
lature were unassociated with other malformations. 
These malformations include: fibroelastosis,®:1® atri- 
al septal defect,®:12-14 aortic arch anomaly,!* pulmo- 
nary atresia,12 patent ductus arteriosus!? and vari- 
ous tricuspid anomalies (Ebstein,!* bicuspid valve,!° 
hypoplasia?2 and dilatation of the valvular rings®:1®). 
The cardiac anomalies of our patient are essentially 
identical to those described by Neimann et al.}? All 
3 cases are characterized by right atrial enlargement 
with an atrial septal defect, absent tricuspid valvular 
leaflets, parchment-like right ventricular myocar- 
dium, large right ventricular cavity, pulmonary atre- 
sia and a patent ductus arteriosus. According to 
Neimann et al., this association represents a special 
form of congenital hypoplasia of the right ventricular 
myocardium. In the other form, the more frequent 
by far, there would be neither pulmonary atresia nor 
absence of the tricuspid valve leaflets. 

Differential diagnosis: The anatomy of congeni- 
tal hypoplasia of the right ventricular myocardium 
(parchment heart or Uhl’s anomaly) should not be 
confused with hypoplasia of the right ventricle or 
with Ebstein’s disease. In the anomaly originally de- 
scribed by Uhl, the myocardium is either extremely 
thin or completely absent, whereas in hypoplasia of 
the right ventricle the myocardium is normal in 
thickness, the right ventricular cavity being smaller 
than normal due to the absence of its sinus por- 
tion.17 In Ebstein’s disease, the tricuspid valve al- 
though malformed and fused always has an excess 
amount of tissue; the right ventricle is divided by the 
distal displacement of the tricuspid ring in 2 parts: a 
nonfunctional atrialized portion and a small but 
functioning distal chamber. 

Clinical diagnosis of Uhl’s anomaly remains a 
major challenge in the neonatal period. Malforma- 
tions like tricuspid atresia, pulmonary atresia with 
intact ventricular septum and normal right ventricu- 
lar cavity18 and Ebstein’s anomaly are extremely dif- 
ficult to rule out. The electrocardiogram may not be 
helpful. The radiologic picture in Uhl’s disease some- 
times shows an extreme cardiomegaly that is rarely 
observed in pulmonary atresia with intact septum. 
Complete hemodynamic and angiocardiographic in- 
vestigation is needed to establish the diagnosis and 





: w oS ) Se = = 
FIGURE 4. Microscopic section of the free wall of the right ven- 
tricle. A thin layer of muscle is visible (between arrows). At bot- 
tom, epicardial and conjunctival tissue. 


must be performed whenever the life of the infant is 
at stake. Of the 13 infants with Uhl’s anomaly, only 
3 were catheterized.5.7:9 According to Arcilla and 
Gasul,® the findings from angiocardiography are 
most helpful. Selective right ventricular injection or 
even nonselective venous angiography will outline 
the normally situated tricuspid orifice, the enormous 
dilatation of the right ventricle with absence of the 
normal trabeculations and very poor contractility. 

Prognosis and treatment: The prognosis of the 
disease is quite poor. Some patients without associ- 
ated valvular malformations have survived into adol- 
escence and young adulthood, their main problem 
being ventricular arrhythmias.!° The few long-term 
survivors usually had only localized areas of absent 
myocardium.®:1° Our patient and those of Neimann 
et al. died, respectively, at ages 60 hours, 4 days and 
6 months; the 6 month survival apparently was due 
to a large patent ductus arteriosus. If one considers 
the 13 reported cases of symptomatic newborns or 
infants with Uhl’s anomaly with or without associ- 
ated malformations, 10 died before the age of 2 
years. Surgical intervention was attempted in 4 
cases; in 2 instances®-14 Potts’ procedure was per- 
formed with 1 immediate operative death and a 6 
month survival in the other. Superior vena caval- 
pulmonary arterial anastomosis in 2 other cases?:‘ 
resulted in immediate operative death. 
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A case is presented in which a true single coronary artery of a pre- 
viously unreported type was found to arise from an unusual position 
high in the ascending aorta. Atherosclerotic involvement of this ves- 
sel was extremely heavy, and there was extensive development of 
coronary arterial collateral circulation. The problems inherent in at- 
tempting to diagnose this type of anomaly are discussed, and the 
potential impact of abnormal origin and distribution on the develop- 
ment of atherosclerosis in the single coronary vessel is reviewed. 


Absence of a coronary ostium is a relatively uncommon congenital 
variation in coronary arterial anatomy with a reported incidence of 
0.36/1,000.1 The artery issuing from the single ostium supplies 
branches that often assume the distal distribution pattern of the 
missing vessel, thus justifying the classification of such abnormalities 
as ‘““minor.’’” If there are no concomitant structural cardiac defects, 
the possessor may have relatively normal cardiac function until coro- 
nary heart disease supervenes.?-® Ogden? recently completed a pain- 
stakingly complete review of all reported congenital anomalies of 
coronary arterial anatomy. He studied the single coronary artery in 
great detail, and classified distribution patterns in cases of a single 
coronary vessel.4 

This report concerns the angiographic diagnosis, anatomic findings 
and clinical implications of a previously unreported type of “true” 
single coronary vessel in a patient with severe atherosclerotic heart 
disease. 


Case Report 


A 52 year old retired military officer was first seen by us in February 
1971. He had had an inferior wall myocardial infarction in 1962, and subse- 
quently experienced infrequent mild substernal pain on exertion. In 1965 he 
sustained a lateral wall subendocardial infarction and was medically retired 
from active duty. Over the next 6 years, he noted progressively severe sub- 
sternal oppression during mild exercise or periods of emotional upset and 
after heavy meals. At the time of referral to this clinic, he experienced an- 
gina pectoris on walking briskly less than 1 block. There were no symptoms 
of congestive heart failure. The electrocardiogram recorded at rest was com- 
patible with an old inferior wall myocardial infarction (Fig. 1). 

On physical examination, the patient was moderately obese. The blood 
pressure was 140/85 mm Hg, pulse rate 65/min. Early atherosclerotic 
changes were noted in the optic fundi. Auscultation of the heart revealed a 
loud left atrial sound. The chest X-ray film revealed normal cardiac size 
and contour and normal lung fields. Serum cholesterol was 286 mg/100 ml 
and triglycerides 310 mg/100 ml. Fasting and post-prandial blood glucose 
levels were within normal limits. 


Angiographic Procedure 


Coronary angiography utilizing the Sones technique was attempted on 
February 24, 1971. When neither coronary ostium could be selectively cath- 
eterized, an aortogram was performed in a 45° left anterior oblique position. 
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A “single” coronary artery arising from the anterior as- 
cending aorta was opacified. This vessel was readily cath- 
eterized by the percutaneous transfemoral approach uti- 
lizing a slightly modified Cordis double curve catheter. 

The single large coronary artery arose from the ascend- 
ing aorta directly above the commissure separating the 
right and left sinuses of Valsalva. The vessel passed be- 
hind the pulmonary artery to the level of the aortic root, 
where it bifurcated into right and circumflex arteries 
which coursed at right angles to the parent vessel. Com- 
posite tracings of this coronary arterial system in the 45° 
left anterior oblique and 30° right anterior oblique posi- 
tions are presented in Figure 2, A and B. There were sev- 
eral areas of proximal narrowing and complete obstruction 
of the right coronary artery 4 cm distal to its origin. The 
distal right coronary artery was perfused by very large 
bridging collateral vessels from the proximal vessel as well 
as by collateral circulation from the obtuse margin branch 
of the circumflex coronary artery. The first septal artery 
arose from the circumflex vessel about 2 cm from its ori- 
gin. The distal circumflex coronary artery was completely 
obstructed just beyond the obtuse margin. The obtuse 
marginal branch appeared to be the only vessel unin- 
volved by atheromatous lesions; it supplied a large collat- 
eral vessel to the obstructed distal circumflex artery. A 
right ventricular branch filled the distal left anterior de- 
scending vessel which was obstructed at its origin from 
the mid-point of the circumflex artery. The left anterior 
descending artery also received collateral circulation from 
the main stem vessel through a conus branch. The left 
atrial circumflex artery was supplied by a Kugel’s branch 
of the right coronary artery and the distal right coronary 
in turn received collateral circulation from the left atrial 
circumflex artery at the crux. 
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FIGURE 1. Electrocardiogram consistent with a previous inferior 
wall myocardial infarction. 


The left ventricular end-diastolic pressure measured at 
rest was 15 mm Hg. A left ventriculogram revealed a 
slightly enlarged left ventricular cavity with normal con- 
tractility. 

The patient was scheduled to undergo aortocoronary sa- 
phenous vein bypass grafting to the right, anterior de- 
scending and distal circumflex arteries, but died suddenly 
while awaiting operation. 


Necropsy 


The postmortem examination confirmed the anatomic 
pattern and arterial disease as demonstrated by angiogra- 
phy (Fig. 3). There was no dimpling of the sinuses of Val- 
salva or evidence of rudimentary coronary vessels. The 
aortic valve consisted of 3 cusps of normal appearance and 
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FIGURE 2. Composite tracings of the single coronary vessel. A, 45° left anterior oblique position (LAO): The single vessel bifurcates 
abruptly into right and circumflex branches. There is occlusion of the right coronary artery. A conus branch arises from the main vessel 
and supplies the occluded anterior descending artery. B, 30° right anterior oblique position (RAO): The first septal artery originates 
from the circumflex artery which is obstructed just beyond the obtuse margin. A right ventricular branch supplies collateral to the distal 
left anterior descending artery. The left atrial circumflex artery fills from Kugel’s artery and supplies collateral flow to the distal right 
coronary at the crux. A large collateral vessel arises from the distal obtuse margin branch and courses over the inferolateral wall 
toward the obstructed circumflex artery. a. = artery; Ant = anterior; Br = branch; Cor. = coronary; Desc = descending; Lt. = left; Post = 


posterior; Rt. = right. 
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anatomic features. The large single vessel arose from a 
medial positior 2.5 cm above the commissure separating 
the right and left sinuses of Valsalva and descended with- 
in the anterior aortic wall to the level of the aortic root 
where it bifurcated into right and circumflex vessels. The 
pulmonary artery crossed the bifurcation anteriorly. The 
right coronary artery was completely occluded 3.5 cm 
from its origin. Examination of the circumflex artery re- 
vealed a fresh hemorrhage into an atheromatous plaque 
approximately 1 cm distal to the origin of the circumflex 
artery in a position just proximal to the first septal perfo- 
rating branch. The first septal perforating artery arose an- 
teriorly from the mid-portion of the proximal circumflex 
artery and then immediately entered the muscular sep- 
tum. The distal circumflex artery was completely occlud- 
ed at the obtuse margin and the left anterior descending 


branch was occluded at its origin from the circumflex ves- — 


sel. Fibrous scarring was found in the anterior and poster- 
olateral walls of the left ventricle, but microscopic exami- 
nation failed to reveal acute myocardial infarction. The 
remainder of the necropsy was unremarkable. 


Discussion 


Accurate diagnostic evaluation of the patient with 
a truly single coronary vessel poses several technical 
problems for the arteriographer. In our case, the at- 
tempt to intubate the single coronary ostium was 
frustrated because of this structure’s marked dis- 
placement from the sinuses of Valsalva. Anatomic 
interpretation was rendered even more difficult be- 
cause of the profuse supply of collateral vessels. 
There also may be uncertainty as to whether a 
“missing”? vessel is a totally occluded artery of nor- 
mal distribution or whether there is occlusion of the 
corresponding anomalous branch of a truly single ar- 
tery. In addition, failure to opacify a major arterial 
branch may occur when a catheter is passed deeply 
into an orifice so that the contrast bolus is delivered 
beyond the point of bifurcation of a major anomalous 
branch; for example, when a circumflex artery arises 
as a branch of the proximal right coronary artery. 
The presence of major myocardial perfusion deficits, 
or deviations from the usual presentation or number 
of the coronary ostia, therefore calls for a careful 
search for the origin of the anomalous vessel. Finally, 
when a single coronary artery is suspected, great care 
must be taken during the delivery of contrast medi- 
um, which may simultaneously reach the entire 
myocardium and conducting tissues and therefore 
increase the risk of cardiac arrhythmia and depres- 
sion of ventricular function. 

Anatomy and embryology: The anatomic pattern 
in our patient was unusual. The main vessel origi- 
nated from the ascending aorta far removed from the 
right and left aortic sinuses. The first septal perfo- 
rating vessel arose from the proximal circumflex ar- 
tery rather than from the left anterior descending ar- 
tery, and the left anterior descending vessel originat- 
ed as a branch of the circumflex artery beyond the 
origin of the major septal perforating branch. The 
arterial pattern in this case most closely resembles 
type R3a under the classification scheme of Ogden 
and Goodyer.* Aside from reported cases of origin of 
the single coronary artery from the right carotid ar- 





FIGURE 3. Dissection of the coronary vessels confirms the an- 
giographic anatomy. The lower arrow indicates the first major 
septal branch of the proximal circumflex artery; the upper arrow 
indicates the main stem vessel which has been opened from the 
inner aspect of the aorta. The probe indicates the region of total 
occlusion of the right coronary artery. 


tery,? right innominate artery! and the inferior as- 
pect of the aortic arch,!! all of which were accom- 
panied by multiple cardiac defects, we could find no 
report of such marked displacement of the origin of 
the single coronary ostium in a structurally “nor- 
mal” heart. The displacement and formation of the 
single ostium in our case is difficult to explain in em- 
bryologic terms. It has been suggested that the 
mechanism of formation of the single coronary artery 
is a developmental failure of the proximal anlage of 
the absent coronary artery with apparent anastomo- 
sis or collateral formation between the remaining 
“single coronary artery” and the distal portion of the 
absent artery.* Other investigators®-!* have noted an 
increased incidence of bicuspid aortic valves in 
subjects with a single coronary vessel, thus suggest- 
ing developmental deletion of a portion of the base of 
the aorta that would normally supply the missing 
valvular leaflet and coronary bud.!* Medial displace- 
ment of the coronary anlagen with subsequent fu- 
sion® would appear to be the most likely mechanism 
in our patient since the artery arose from a mid-line 
position directly above the anteromedial commissure 
and was unassociated with abnormality of the aortic 
valve. Superior displacement of one or both coronary 
ostia from the level of the free margin of the valve 
leaflets has been previously reported,* with displace- 
ment of a single coronary vessel as high as 2 cm 
above the sinus of Valsalva.14 

Clinical significance: Displacement of the coro- 
nary ostium may lead to the production or aggrava- 
tion of coronary heart disease,!° and an abnormally 
high origin of a coronary artery may impair coronary 
blood flow by leading to a decreased filling pressure 
as a result of turbulent flow and skimming effects.1® 
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Coronary arterial atherosclerosis was seen in 27 of 
142 patients with congenital anomalies of coronary 
arterial distribution.1 Several authors have reported 
sudden death in affected young patients during vig- 
orous exercise as well as during sedentary activity.®.7 
The data of Alexander and Griffith! emphasized that 
an anomalous location of a coronary ostium may be 
of greater significance in the genesis of atherosclero- 
sis than an abnormal distribution of the distal vessel. 
This finding may be related to the abnormally long 
unsupported course of such a vessel from the origin 
to the point at which it is anchored by epicardial 
branches. Increased motion and abnormal hemody- 
namic stresses may thus be contributing factors in 
the apparent increased incidence of atherosclerosis in 
a single coronary vessel. Similar arguments are pro- 
posed for the predilection to atherosclerotic involve- 
ment of the proximal portion of the left anterior de- 
scending coronary artery.!7 


Persons with a single vessel obviously. are at great- 
er risk of development of proximal arterial obstruc- 
tions than those with the usual 2 vessel pattern. The 
postmortem é¢xamination in our case revealed fresh 
hemorrhage in an atherosclerotic plaque in the cir- 
cumflex artery proximal to the origin of the first sep- 
tal artery, a notoriously hazardous location. 

The reported incidence of coronary arterial vessel 
anomalies is 2.85/1,000,1 whereas a recent study 
found 3 cases of a single coronary vessel in 1,056 cor- 
onary arteriograms./* With the increasing utilization 
of coronary angiography, the laboratory diagnosti- 
cian will be faced with an increasing number of cases 
with abnormal presentation or distribution of the 
coronary vasculature. Knowledge of the potential 
variations in coronary arterial anatomy will facilitate 
accurate laboratory diagnosis and should shed fur- 
ther light on factors leading to the development of 
coronary heart disease. 
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In patients with dextrocardia as a part of situs inversus totalis, coro- 
nary heart disease may occur with similar frequency and manifesta- 
tions as in the general population. Diagnostic problems arise from 
the altered cardiovisceral relation; when these are recognized, coro- 
nary heart disease can be defined by the usual criteria. The use of 
electrocardiographic and vectorcardiographic tracings with right-left 
reversal of all leads in patients with dextrocardia allows the recogni- 
tion of abnormalities on the basis of standard criteria. Seven cases 
are reported, 1 followed up clinically and 6 studied at autopsy. 


The presence of coronary heart disease in patients with dextrocardia 
as part of situs inversus totalis has been reported infrequently. Re- 
cently we observed a patient with this condition and studied 6 other 
cases confirmed at autopsy. 


Report of Case 


A 75 year old man with situs inversus totalis has been followed up regu- 
larly for 22 years. His visceral situs inversus was established at cholecystec- 
tomy in 1951. In 1960 he had an episode of crushing substernal pain of 45 
minutes’ duration with diaphoresis, for which he did not seek medical ad- 
vice. He remained well until January 1970, when he had a flu-like syndrome 
with malaise, aching and dry cough which did not respond to antibiotic 
therapy but gradually abated. One week later he awoke with an irregular 
tachycardia that spontaneously subsided after 4 days. An electrocardiogram 
obtained 1 week after this episode was normal. 

Six months later (June 1970) he was hospitalized because of crushing 
pain in the right side of the chest that lasted 40 to 60 minutes, radiated to 
both shoulders and was accompanied by nausea, diaphoresis and syncope. 
Physical findings were normal except that the cardiac apex was in the right 
sixth intercostal space. Serial electrocardiograms and serum enzyme deter- 
minations confirmed an inferior myocardial infarction. He was discharged 
after an uneventful hospital stay of 15 days. 

Subsequent episodes of mild chest pain associated with palpitations and 
ventricular premature beats required hospitalization and the administra- 
tion of procainamide for control. One year later (June 1971), he was asymp- 
tomatic and had a normal exercise tolerance for his age. His electrocardio- 
gram and vectorcardiogram reflected the previous myocardial infarction 
(Fig. 1 and 2). 


Autopsy Cases 


The medical records were reviewed of 259 patients (127 male and 
132 female) with a clinical diagnosis of dextrocardia who had been 
examined in the 45 years from 1927 through 1971. The hearts of 6 
adults (3 men and 3 women) with situs inversus totalis were avail- 
able for pathologic reexamination. The findings and corresponding 
clinical records of these 6 patients were reviewed for this report. 

The mean age at death was 56 years (range 33 to 72 years). Three 
older patients had hypertension, and 1 had angina pectoris (Table I). 
None had a clinical diagnosis of myocardial infarction. Five of the 6 
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FIGURE 1. Electrocardiogram and vectorcardiogram as recorded by a modified Frank lead system? shows inferior infarction. prolonged 
P-R interval and widespread repolarization changes. 
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FIGURE 2. Electrocardiogram and vectorcardiogram recorded on the same day after right-left reversal of all leads shows a mirror image 
of the patient's previous tracing (Fig. 1). This reversal makes the tracing comparable to those from a normally positioned heart, and the 
inferior infarction is easily recognized. 
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TABLE | . 
Clinical and Pathologic Findings in 6 Cases of Situs Inversus Totalis 








Age . Coronary Ischemic Other 
Case (yr) _ ART EEO Cardiovascular Artery Heart Myocardial Cardiac 
no. & Sex HT Angina Other Exam Major Problems Disease Weight Lesions Findings 
1 60F Yes No _ Palpitations; Normal Bowel obstruction R, 2*: L, 2; Normal Focal fibrosis None 
dizziness LAD, 2; 
LC, 2 
2 56M No No None Normal Sudden death a RoS t2; Normal None None 
few hours after LAD, 3 with 
hernia repair acute 
thrombus; 
LC, 4 
3 64F Yes No None Normal Sudden death a Ria GE Normal Focal fibroses None 
few hours after LAD, 3; 
hysterectomy LC, 2 
for carcinoma 
of uterus; 
hypokalemia 
4 72M Yes Yes Dyspnea Peripheral Carcinoma of aH OC Increased Old subendo- None 
edema lung, inoperable; LAD, 4; cardial scar 
hemoptysis; LC, 2 
sudden death 
5 52M No No Transient Normal Carcinoma of RECE Normal None Marantic 
ischemic pancreas; LAD, 4; lesions, 
attacks sudden death; LE? aortic, mitral 
pulmonary and tricuspid 
embolus valves 
6 33F No No Dyspnea Aorticand Kartagener's AnG Increased None Calcific 
mitral syndrome; LAD, 2; aortic 
stenosis; acute pulmonary Th ais l and mitral 
complete edema; sudden stenosis 
A-V death after 
block bronchography 





* Grades are based on luminal narrowing: grade 1, up to 24 percent; grade 2, 25 to 49 percent; grade 3, 50 to 74 percent; grade 4, >75 
percent. 
A-V = atrioventricular; HT = hypertension; L = left main coronary artery; LAD = left anterior descending coronary artery; LC = left 


circumflex coronary artery; R = right coronary artery. 


died suddenly, and 4 of these (Cases 2, 3, 4 and 5) had 
severe (grade 3 or 4) coronary artery disease, including 
an acute coronary thrombus in 1. The sudden death 
was probably related to factors other than coronary 
heart disease in at least 2 of these 4 (Cases 4 and 5). 
The scar of an old infarct was found in 1 heart (Case 
4). Two patients (Cases 1 and 6) did not have signifi- 
cant (grade 3 or 4) coronary artery disease. 


Comment 


Congenital primary dextrocardia, as opposed to 
dextrocardia secondary to positional changes associ- 
ated with skeletal, pulmonary or diaphragmatic ab- 
normalities, is rare. Three varieties are recognized?: 
(1) Dextrocardia with situs inversus totalis reflects 
the normal position of the heart when all the viscera 
are the mirror image of normal. It occurs in 0.1 to 
0.2/1,000 population, about equally in male and fe- 
male subjects.3® Less than 10 percent of these pa- 
tients have congenital heart disease?-11; 15 to 22 per- 
cent1?:13 have Kartagener’s syndrome. (2) Isolated 


dextrocardia is a right-sided heart with situs solitus 
of the viscera; it commonly is associated with other 
congenital cardiac lesions.14:15 (3) Dextrocardia as- 
sociated with the asplenia syndrome nearly always 
has complex cardiac anatomy. 

Only those patients with dextrocardia as part of 
situs inversus totalis commonly survive long enough 
for coronary heart disease to develop, although 1 
case of coronary heart disease with isolated dextro- 
cardia has been reported.16 

Both the frequency of coronary heart disease17-18 
and the incidence of sudden death as its initial 
manifestation!9?1 are well known. In patients with 
dextrocardia as part of situs inversus totalis, a simi- 
lar incidence of coronary heart disease would be an- 
ticipated. Of the 7 patients presented, 5 were consid- 
ered to have coronary heart disease. Among the 6 
autopsy cases, postoperative deaths occurred in 3, 
and in 2 of these the basis appeared to be coronary 
artery disease. Merideth?2 has pointed out that, al- 
though postoperative arrhythmias are related to a 
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variety of factors, underlying heart disease frequent- 
ly is present. 

The differential diagnosis of chest pain23.24 in a 
patient with situs inversus is the same as in a pa- 
tient with situs solitus. Ptashkin et al.,25 in their 
case report and review of the literature, pointed out 
that, in all but one instance, electrocardiographic 
signs of infarction were readily recognized in the 


presence of dextrocardia. The use of electrocardio- 
graphic and vectorcardiographic leads‘with right-left 
reversal of all leads allows the recognition of abnor- 
malities on the basis of standard criteria. 
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Medical and Pediatric Cardiology 
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“. .. the sciences are a spectrum in which the individ- 
ual disciplines shade off into one another.” 
George T. Harrell} 


Strict separation of pediatric and medical (adult) 
cardiology is neither necessary nor desirable and is 
not, I believe, in the best interest of cardiology as a 
discipline or medicine as a field. Too many future 
cardiologists enter the arena limited by the peculiar 
biases of their backgrounds, and never experience 
the thrill of seeing the breadth and depth of their 
own specialty. 

Medical cardiologists are often baffled by congeni- 
tal cardiac disease in the post-adolescent or adult, 
and feel wholly inept if confronted with an infant. 
Pediatric cardiologists, even the products of sophisti- 
cated programs, generally have inadequate training 
in electrophysiology, myocardial function and me- 
tabolism, lipoprotein metabolism, hypertension and 
cardiocirculatory pharmacology. The isolation of pe- 
diatric and medical cardiology in our training pro- 
grams has largely been responsible for these deficits. 
This isolation denies both these specialties impor- 
tant information that would appreciably improve 
their overall capabilities. 

As the surgeons have shown us, there is no reason 
why training programs cannot have a broader base. 
Most cardiac surgeons operate on infants, children 
and adults, and the surgical subspecialty boards 
have not separated cardiology according to age. The 
surgical experience may be telling us that pediatric 
and medical cardiologists could act as collaborators 
in different phases of a continuum that should not be 
sharply divided. It is difficult to believe that nonsur- 
gical cardiologists could not achieve a better compre- 
hension of cardiology in all age groups without re- 
ducing the necessary expertise required by pediatric 
and medical cardiologists as such. 
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Relation Between Medical and Pediatric 
Cardiology 


In discussing the relation between medical and 
pediatric cardiology, I will deal briefly with 3 
topics: (1) congenital heart disease, which has, at 
least in the last decade, been considered the province 
of pediatric cardiologists; (2) atherosclerotic and hy- 
pertensive cardiovascular diseases, which have been 
considered the province of medical cardiologists; and 
(3) rheumatic heart disease, which has fallen some- 
where in between. In so doing, we should be aware of 
one current reality pointed out by Patrick Ongley,? 
namely, that much pediatric cardiology is now per- 
formed, and will continue to be performed by medi- 
cal cardiologists, especially in the many communities 
that cannot support a pediatric cardiologist full- 
time. 

Congenital heart disease: Recent decades of in- 
tense diagnostic and therapeutic investigation have 
resulted in survival of an increasing population of 
adolescents, post-adolescents and adults with con- 
genital defects of the heart or circulation. Longevity 
patterns in congenital heart disease are changing so 
that congenital heart disease in post-adolescents is 
represented not only by anomalies with a natural 
tendency for long survival, but also by those in 
which palliative or corrective surgery has been suc- 
cessfully employed. Someone must care for these pa- 
tients, be it the pediatric cardiologist who extends 
his or her expertise to the adult, or the medical car- 
diologist who has a satisfactory comprehension of 
congenital heart disease. One purpose of this report 
is to underscore the responsibility of training pro- 
grams in meeting this need which is already upon us, 
with every prospect of substantial projected increase. 

Congenital heart disease, from the point of view of 
patient care, should therefore be considered not only 
in terms of age of onset, but also in terms of age 
range that potential survival now permits. These 
issues should be considered in planning programs 
that provide the professional training necessary for 
proper care of patients with congenital heart disease 
in all age groups. Two questions, already alluded to, 
stem from these remarks: (1) Should pediatric cardi- 
ologists extend their care to post-pubertal patients 
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with congenital cardiac disease irrespective of age, 
and (2) should cardiologists who deal with adults as- 
sume responsibility for post-pubertal patients? It 
could be argued that the questions are falsely posed, 
since overlap is inevitable, age separations are arbi- 
trary and proper care is the goal irrespective of the 
source from which it originates. There is no intrinsic 
reason why the physicians with a primary interest in 
pediatric cardiology should not continue to care for 
patients beyond puberty, provided he is well versed 
in medical problems appropriate to such patients. 
Nor is there any intrinsic reason why the physician 
with a primary interest in cardiology in adults 
should not concern himself with congenital heart dis- 
ease, provided that he is well versed in this disci- 
pline. In addition, it is not only important for the 
pediatrician to provide general care for the infant or 
child with congenital heart disease, but it is also im- 
portant for the internist to provide general care for 
the late teenager and adult with these malforma- 
tions. 

Atherosclerotic and hypertensive cardiovascu- 
lar disease: Atherosclerosis, both systemic and coro- 
nary, typically manifests itself in adults and is there- 
fore considered largely in the context of adult medi- 
cine. Although atherosclerosis seldom causes disabil- 
ity or death in the pediatric age group, there is much 
evidence that the disorder begins in childhood or at 
least during the growing years. Research in the 
epidemiology and control of this disease, which is 
rampant in the United States, requires an effort that 
encompasses all age groups. It is fitting that recent 
articles bear such titles as “The Pediatrician and 
Atherosclerosis.’’* It is also important to be aware 
that there are only scanty data in animals and none 
in man showing that atherosclerotic plaques regress 
in animals or man regardless of any presently known 
form of intervention. The message is clear: Control 
lies in prevention, and prevention may begin in 
childhood. . 

Hypertension can be similarly considered. There is 
a tendency to equate hypertension in children with 
coarctation of the aorta or glomerulonephritis. What 
is called “hypertensive cardiovascular disease” is 
usually relegated to older patients. Hypertension is a 
major risk factor in coronary artery disease, the 
major risk factor in stroke, and certainly a promi- 
nent cause of congestive heart failure. Except in the 
context of genetic predisposition, little attempt has 
been made to investigate incipient hypertension in 
children or to predict in which children hypertension 
might develop in adulthood. It is not even under- 
stood which mechanisms regulate the natural in- 
crease in systolic and diastolic blood pressure from 
the neonate to the child to the adolescent to the 
adult. 

In the same general context one might look at 
smoking, an affliction that begins in the late pediat- 
ric age group. The results of smoking are not seen for 
decades, but are represented in the adult by bron- 
chogenic carcinoma, chronic lung disease, and as a 
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major risk factor in symptomatic corenary artery 
disease. Primary prevention is a dual responsibility 
of pediatricians and internists. 

Rheumatic heart disease: Active rheumatic fever 
has its greatest incidence in school-age children, al- 
though the active disease is also seen in young 
adults, particularly those who have had previous epi- 
sodes. In this country, symptomatic valvular heart 
disease resulting from active rheumatic fever seldom 
occurs before young adulthood. No special preroga- 
tives have been assigned to either pediatric or medi- 
cal cardiologists in caring for patients with rheumat- 
ic heart disease. This is so, even though the disease 
begins in childhood, that is, at an age appropriate 
for pediatric care. Congenital heart disease, as well 
as rheumatic heart disease, should be considered not 
only in terms of age at onset, but also in terms of age 
range that potential survival permits. Those who see 
rheumatic valvular heart disease in adults but who 
have never seen active rheumatic fever in childhood, 
or those who treat active rheumatic fever in child- 
hood but who have never seen adult rheumatic val- 
vular disease miss important features in the natural 
history of a major medical problem. Both would ben- 
efit from broadened exposure. Similarly, those who 
see congenital cardiac disease in infants and children 
but not in post-adolescents or adults, or those who 
see congenital cardiac disease in post-adolescents 
and adults, but never in early life, miss important 
insights. 

Interdisciplinary training for the cardiologist: 
Implicit in this commentary is a simple theme 
interdisciplinary training for the cardiologist. The 
pediatric cardiologist should have an understanding 
of cardiovascular disease in older subjects, and the 
medical cardiologist should have an understanding of 
heart disease in children. The best target for this 





_ type of exposure is the cardiac fellow. I believe that 


training programs in cardiology should be organized 
to provide broad, interdisciplinary experience. Pedi- 
atric and medical cardiologists often work and study 
under the same academic roof and need only join 
forces to take appropriate advantage of individual 
expertise. Fellows or trainees can be assigned to se- 
lected areas of both services. The fellow in pediatric 
cardiology will rapidly become comfortable with late 
adolescent and adult patients with cardiac disease. 
The fellow in medical cardiology will develop a confi- 
dence in dealing with congenital heart disease that 
can stem only from seeing infants and children with 
these disorders. A flexible, broad-based interdiscipli- 
nary fellowship program assumes close collaboration 
between the academic staffs of pediatric and medical 
cardiology. This relation is valuable to faculty as 
well as trainees. Once such an atmosphere prevails, 
it benefits not only the fellowship training itself, but 
also the medical students and house officers. The 
subspecialty boards of pediatric cardiology and of 
cardiovascular disease can do much to foster such 
training by using their influence to broaden rather 
than restrict their specialties. In addition to the in- 
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tellectual value of coordinated training programs in 
cardiology, thé-economic benefits are real regarding 
utilization of factlities and personnel. Such training 
programs are capable of producing pediatric cardiol- 
ogists who comfortably extend their interests into 
such important interdisciplinary areas as lipoprotein 
metabolism and hypertension, and of producing 
medical cardiologists who could not only act as col- 
laborators in this regard but who would feel less es- 
tranged from congenital heart disease at a time when 
post-adolescent survival is rapidly increasing. Re- 
search, teaching and patient care are bound to bene- 
fit, and the fields of medical and pediatric cardiology 
should experience the excitement of new frontiers. 
Patrick Ongley recently said, “It is vitally impor- 
tant that those who represent leadership in cardiolo- 
gy do not establish an exclusive priesthood whose 
main purpose is to sacrifice examination candidates 
at yearly intervals and then to retire to their tem- 
ples.”4 Only a few years ago, such remarks might 


have been about as acceptable as sex to the Victo- 
rians, but the climate of opinion has begun to 
change, at least in part. The last decade has wit- 
nessed the maturation of pediatric and medical car- 
diology as subspecialty boards. Both subspecialties 
should by now have passed through their childhood 
and adolescence and emerged secure enough to enjoy 
collaboration rather than feel threatened by it. Car- 
diovascular medicine is best looked upon as a con- 
tinuum from birth to senescence. This is no utopian 
ideal but a practical goal if our fields are to grow in 
stature, rather than become overrefined, if we are - 
not to be labeled as sterile artists, chiselers of exqui- 
site trifles. As R. D. Laing said, ““Separateness and 
relatedness are mutually necessary postulates. ... re- 
latedness can only exist among persons who are sep- 
arate but not isolated.” There is no danger that we 
will lose our identity as highly skilled experts in dif- 
ferent fields of cardiology, but instead, there is every 
prospect of growing together with mutual benefit. 
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Years from now, when you need to look at 

a patient’s record, the traces you made on 

Kodak Linagraph 1930 Paper will still be sharp. 

They will be clear, easy to read—bold black-on-white 
traces that help to make your comparisons meaningful. 


With normal storage, yov’ll continue to 
have sharp, useful records available. 

This kind of quality is a must for the 
results of time-consuming, delicate 

cardiac catheterization. Equally important: 
Processing today’s records requires as 
little as 90 seconds with the 

Kodak RP X-Omat Processor, already being used 
for x-ray film in your affiliated hospital. 
There’s no need to change chemicals or 
readjust the machine in any way. 

If there’s no processor available, 

you can tray-process the paper. 

Linagraph 1930 Paper also gives you 

the kind of dimensional stability that 
provides an undistorted time base. 

And it’s a paper that stays flat, 

won't wrinkle, and doesn’t mar 

under normal handling. They all add up 

to more reasons why Linagraph 1930 Paper 
puts time on your side. 


Want more facts? 
Fill out the coupon. Today. 
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EASTMAN KODAK COMPANY 5-260 
Department 412L, Rochester, N. Y. 14650 


[C] Send literature on Kodak Linagraph 1930 Paper 
[_] Have representative call 
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Advantag » of Prue Ssall 
for Gine Fluorography; 





. No Artifacts 

. High Resolution 

. Standard Processing Solutions 

. Infinitely Variable Speed 

. Automated Processing Consistency 

. Daylight Operated 

. Self Threading 

. Multiple Roll Processing 

. 316L Stainless Steel Construction 
Throughout 

. Portable and Compact 

. Rapid Processing 

. Automated Temperature Control 

. Absolute Dependability 

. Turbulent Agitation Processing 

. Air Impingement Squeegee 
(with self-contained compressor ) 

16. Perfect Tracking 

17. Minimal Maintenance 

Also used in E for M Processing 
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Instant Viewer* fa 2. 3 VA 


now available for existing or n FA 
new machines. E aS | 


“Inspect film as it exits the processor. 


OSCAR FISHER 
Company, Incorporated 

Box 2305, Newburgh, N.Y. 12550 

Telephone (914) 562-3900 





System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic: 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data' show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 





Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. X VI, 1970. 

** U.S. Patent #3,347,452 
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ORBITRATE. ` 
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frequency and severity Duration: 
of anginal attacks’ 4-6 hours for prolongec 
protection 
need for nitroglycerin Onset of action: 
D.EN. within 15-30 minutes 
And probably And when indicated: 


d h Sorbitrate’ (isosorbide 
anxiety ana apprehension dinitrate) 5 mg. oral 


over imminent attacks. tablets 


*Oral dosage forms of this drug have been evaluated as possibly effective. See Brief Summary. 
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JMMARY OF PRESCRIBING INFORMATION 


POE 


Indications: Based on a review of this drug by the National Academy 
of Sciences —National Research Council and/or other information, 
FDA has classified the indication as follows: 

“Possibly” effective: For the treatment of angina pectoris. 

Final classification of the less-than-effective indications require 
further investigation. 





mntraindications: A history of sensitivity to the drug. 

arnings: Data supporting the use of nitrates during the early days of 
e acute phase of myocardial infarction are insufficient to establish 
fety. 

ecautions: Should be used with caution in patients who have glaucoma. 
lerance and cross tolerance to other nitrates may occur. 

Iverse Reactions: Headache which may be severe and persistent. 
wering the dose and using analgesics will help control the headaches 
vich usually diminish or disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vasodilation with 
ishing; transient dizziness and weakness as well as other signs of 
rebral ischemia associated with postural hypotension; individual 
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marked sensitivity to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic dose (alcohol may 
enhance this effect); drug rash and/or exfoliative dermatitis. 

This drug can act as a physiological antagonist to norepinephrine, 
acetylcholine, histamineand other agents. 

Dosage and Administration: Oral tablets. 

Individual Dose: Smallest effective dose should be employed. Five to 
10 mg. is the range commonly used although doses of up to 30 mg. have 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the prevention 
and treatment of pain of an anginal attack. Oral SORBITRATE may be 
taken 3 to 4 times daily. Although the onset and duration of effect of 
coronary nitrates may vary, following are the generally reported ranges 
of these values for SORBITRATE: 

Onset of Effect: Oral: 15to 30 minutes. 

Duration of Effect: Oral: Estimated to be 4 to6 hours. 

It is recommended that the oral dosage be taken on an empty stomach. 


STUART PHARMACEUTICALS | Div. of ICI America Inc 
WILMINGTON, DEL. 19899 | PASADENA, CALIF. 91109 
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from Tycos. 





With 65 years of manufactur- 
ing, refining and improving 
aneroids for the medical 
profession, and with over three 
million in use today, Tycos 
sphygs still lead the field in 
accuracy, speed and innovation. 


The big wall sphyg offers out- 
standing advantages for many 
hospital locations and 
physicians’ examination rooms. 
With a big 6%” dial and swivel 
bracket, it’s easy to read from 
anywhere in the room from 
any angle desired. 


The hand and pocket aneroids 
are quality diagnostic 
instruments. Their compactness 
and light weight make them 
easy and comfortable to carry 
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in pocket or bag. For the busy 


practitioner they can be counted 


on to give every day top 
performance. 


All three sphygs have the 
exclusive Tycos visual check 
for accuracy, and are backed 
by the famous Tycos 10-year 
warranty. When blood-pressure 
readings can be as simple as 
telling the time, why look for 
anything else. Ask your Tycos 


One for the 


~, The Three Sphygs 








medical supply dealer to show 

you the three sphygs and all 

the other quality Tycos 
medical instruments. 


Taylor Instrument/Health Care Products 
Arden, N. C. 28704 


oncerneq apou 
over or under | 
digitalization? 


Then speak to your 
laboratory—they can 
now help you monitor 
digoxin and digitoxin 
blood levels. 


Clearly the digitalis glycosides have been a mixed 
blessing. Their potential for good is inevitably coupled 
with the possibility of harmful effects due to inadequately 
low or toxically high blood levels. And then, as if the 
narrow margin of safety weren't enough, we also began to 
realize that there are variations in bioavailability of 

these glycosides. From glycoside to glycoside. From 
company to company. From one route of administration 
to another. From dosage form to dosage form. Sometimes 
even from lot to lot. 

Yet, despite these multiple uncertainties, no really 
practical tool existed for monitoring digitalis glycoside 
blood levels. The result, according to some observers, can 
be serious. One worker stated that perhaps 20 to 25% 
of all digitalized patients are actually overdigitalized to the 
point of toxicity and that this situation had reached 
epidemic proportions.‘ Another reported that the mortality 
rate from overdigitalization ranges from 3% to 21%.” 
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And in the same study, 11% of the digitalized patients 
previously thought to be on adequate daily maintenance 
therapy were actually shown to be underdigitalized. One 
recent report indicated that while an oral digoxin solution 
was completely absorbed, a digoxin tablet was only 

75% absorbed." 

Those are the problems. Now the news here is this: 
new radioimmunoassay techniques have been developed 
for monitoring digoxin and digitoxin blood levels. These 
are perfectly practical methods that offer exceptional 
sensitivity and specificity. So, if you're concerned about 
the problems of overdigitalization and underdigitalization, 
speak to your laboratory about the availability of these 
new radioimmunoassays. They can help minimize a 
serious problem. Perhaps you'll also be inierested to know 
that we supply radioimmunoassay kits for renin activity and 
vitamin B,» determinations. These, too, are characterized 
by unusual sensitivity, specificity and precision. Once 
again, speak to your laboratory. For further information, 
write Schwarz/Mann, Mountain View Avenue, Orangeburg, 
New York 10962. 


(1) J. F. Doherty, Annals of Internal Medicine, May 1971. 

(2) G. A. Beller, et al., New England Journal of Medicine, 
May 6, 1971. 

(3) D. H. Huffman, et al., JAMA, November 20, 1972. 
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Keeps low-sodium patients 
from cheating themselves. 


Most salt substitutes have an unpleasant metallic aftertaste. 
Not Adolphs. It really seasons like salt. It's granulated, too. Comes 
in a shaker bottle. So it looks and sprinkles like salt. The flavor won't 
fade in cooking, either. And it contains mono-potassium glutamate 
to enhance the natural flavor of food. 

Adolph’s Salt Substitute contains less than 1 mg. of sodium per 
teaspoon, and it’s a valuable source of supplemental potassium. 

It's sold at food stores in two varieties — 


Regular: Potassium chloride, glutamic acid, mono-potas- 
sium glutamate, silicon dioxide, tartaric acid, potassium 
iodide .01%. 

seasoned: Potassium chloride, sugar, spices, mono-potas- 
sium glutamate, glutamic acid, silicon dioxide, tartaric acid, 
vegetable oil. 





For free physician's samples, write to Adolph’s Ltd., P.O. Box 
828, Dept. SM, Burbank, California, 91503. 








FLOW 
PROBES 


for 
clinical 
applications 


for clinical 
applications 


è Designed for clinical O.R. 
or cath lab use 


® Convenient, handle-ty pe 
probe with positive 
capture slide 


è Use with heart-lung 
machine, artificial kidney 
or similar systems 


® Easily applied handle- 


type probe ® İron core construction 


provides high sensitivity 
and accuracy 
è Operates with BLI 


research and clinical 
blood flowmeters 


® Designed for O.R. and 


cath lab use 

@ Patient safety assured 
through isolation circuitry ® For rapid analysis of. 
flow through exposed 


@ Simple to operate - blood vessels 


minimum controls - direct 
meter readout in milliliters 
per minute 


@ Use with Biotronex 
clinical blood flowmeter 


è Available in sizes to fit 
most tubing 





Biotronex Laboratory, BAGS. 9153 Brookville Road Silver Spring, Maryland 20910 ssa 301/588-6400 
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PACEMAKER & ECG 





LK-:1[-7 eare 1a- Monitori g Systems“ 


PACEMAKER TRANSMISSION 


Pacemaker battery aging is measured by sequen- 
tial monitoring of pacemaker spike to spike 
interval.** Pacemaker patient transmits ecg to 
doctor's office, hospital, or remote center where 
ecg-pacemaker signals and pacemaker spike to 
spike intervals are recorded. Doctor reviews 
tracing, sequential spike to spike timing and 
capture. 






‘PATIENT 
FOLLOW-UP’ 


TELEPHONE 
TRANSMITTER 



















Your patients’ ecgs 
are transmitted via 
their home telephone 
to your receiving 
station. 





HOUSE CALL SERVICES 
Visiting technician on call can transmit 
12-lead ecg to doctor's office, hospi- 
tal, or home. 
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TELEPHONE CONSULTATION 


ECG-Phone serves as a telephone link for remote cardiac consultation. 
Tel-EK Receiver |i permits physician to monitor his own ICU and CCU 
patients via telephone. 


SW NGRREEGGUERG TE CEREGCRGRRERERAERURERER GREGOR DERE REGRERRRERERR ERE EERE ER ER ER 
Burton H, Birnbaum, Mor. Medical Oivision AIC 
COMPUTER INSTRUMENTS CORP, 

92 Madison Avenue, Hempstead, New York 11550 


*Transtelephonic monitoring is Medicare ap- 
proved, 
** Referance: 

1. Pennock, R.S.; Dreifus, L.S.; Morse, D.P.; and 


Please send me further information and application data on your ‘Patient Follow-lip’ 
Telephone Transmitter 


Watanabe, ¥.; Cardiac Pacemaker Function, Bs i Sa a i Oe ree eel RM St eu elon et 
JAMA Dec, 11, 1972, Vol. 222. No, 117 p. 
1379. 

2, Furman, S.; Parker, B.; Escher, DLW; Trans- ea a a A a = 
telephone Pacemaker Clinic, J. of Thoracic & 
Cardiovascular Surgery. en ee oe, Be ee EEN E- $ X- eee EE PE”: | 5 ane eee eee ee 
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COMPUTER INSTRUMENTS CORPORATION 


92 Madison Avenue, Hempstead, New York 11550 e 516 IV 3-8200 
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is effective use of power. 


The revolutionary Profexray Lab-2 Ciné 
j System is an integrated cath lab that 
i doesn’t require a separate control. 


Every institution with a heavy patient load 
for heart-cath work could use a back-up 
lab. And a lot of smaller institutions would 
like to add ciné-angiography to their capa- 
bilities for a realistic investment. We've just 
answered these two needs. 


Introducing the Lab-2 Ciné room. 


A complete, self-contained system that 
doesn't need a complex, high-powered gen- 
erator. Everything you do need—in controls, 
instrumentation and power—is right there in 
the Lab-2— built around the finest cine sys- 
tem in the world. It’s streamlined for mainte- 
> nance and service. It’s systems-engineered 
and pre-tested before installation. We're so 
| certain of its unmatched reliability that 
_Lab-2 is backed by a full two-year warranty.* 


"It’s another part of the Profexray radiology 
"revolution: equipment and concepts to com- 
) pletely overthrow an old order of doing things, 
and give you new standards of efficiency. 


Get in touch with your Profexray represent- 
ative for the details on the Lab-2 Ciné Sys- 
tem. You'll find him a powerful ally. 


te PROFEXRAY 


Litton bes Piaines. Ilinois 60018 
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*The two- EA warranty applies to all Profexray-manufactur equipment. X-ray 
tubes and image intensifiers are subject to manufacturers’ warranties. 
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H. J. C. Swan 


A few nights ago, George Kennan 
reminisced on the recent Vietnam 
conflict. Throughout his comments 
on errors and successes, he never 
doubted the fundamental and intrin- 
sic excellence of the American peo- 
ple. | share the former ambassador's 
feelings in relation to our own profes- 
sion, loudly criticized by certain ele- 
ments in our society, and in truth 
probably less than totally effective, 
under all of the complex circum- 
stances of our current sociopolitical 
existence. However, | remain im- 
pressed with the dedication, hard 
work and intrinsic capacities of those 
who bring their skills to minister to 
the medical needs of this nation. 

It is to serve those physicians who 
are dominantly concerned with dis- 
eases of the heart and blood vessels 
that the American College of Cardiol- 
ogy exists. Its growth over the past 
25 years is merely a reflection of the 
vast increase in knowledge in the 
basic and applied sciences related to 
Cardiovascular disease. The College 
consists of practitioners concerned 
with the direct care of patients, par- 
ticularly the more academically ori- 
ented hospital and university staff 


Cardiologists. Together our member- 
ship, now in excess of 5,000 physi- 
cians, can do much to help patients 
with cardiac disease and enhance 
our profession by continued dedica- 
tion to the highest standards of prac- 
tice. 

Physicians in the United States 
have classically retained a degree of 
rugged independence. However, now 
is the time to supplement this inde- 
pendence with a rational mix of inter- 
dependence within ourselves as a 
profession. This College represents 
the professionalism of American car- 
diologists, as now recognized by our 
Official role in a Cardiovascular Dis- 
ease Section of the American Medi- 
cal Association. The College is a ve- 
hicle to enhance the intrinsic excel- 
lence of our individual members, and 
its current contributions to the devel- 
opment of the highest standards is 
merely a prologue to its potential in- 
fluence on our professional lives. 

To achieve these goals, the Col- 
lege must reflect accurately the pro- 
fessionalism of the cardiologists of 
this country. The College must be 
cognizant of and responsive to the 
needs of its membership. The mem- 
bers themselves must participate in 
College activities fully, and | would 
be remiss in failing to express con- 
cern at the inadequate level of par- 
ticipation of some of our members. 
Indeed, some of those nonmember 
physicians who comprise a majority 
of the attendance at many of our 
programs are more truly a part of this 
College than are nonparticipating 
Fellows. 

The excellent program that you 
have enjoyed here in San Francisco 
—to the great credit of Drs. John 
Ross, Jr. and Hilliard J. Katz, Scien- 
tific and General Program Chairmen, 
respectively—the Regional Programs 
of the College, the American Journal 
of Cardiology, the ACCEL tapes and 
our International Circuit Program all 
serve aS components of the ongoing 
educational effort of the College. 

We are also aware of the broader 
responsibilities of the medical profes- 
sion relative to societal needs. The 


| 
) 
Ai 


College can be the instrument that 
will permit cardiologists to participate 
in the definition of such needs and to 
be responsive to their implementa- 
tion. Accordingly, | am recommend- 
ing an internal examination of the po- 
tential role of the College in this re- 
spect. 

Second, | am recommending long- 
term planning for our educational 
programs and their implications. We 
must be in a position to assure soci- 
ety that quality medical care will be 
provided on a continuing basis, and 
that physicians who profess to be 
cardiologists remain cognizant of 
newer trends and developments and 
apply their knowledge promptly and 
effectively to the needs of the indi- 
vidual patients. In other words, we 
must be in some way responsible for 
quality control as it applies to our 
own profession. 

Third, | have requested that the 
College Governors evaluate their role 
and make recommendations to the 
College trustees as to what can be 
achieved on a regional basis to en- 
hance the standards of care and 
practice. 

Fourth, for expansion and improve- 
ment of all of our programs, the 
creation of Heart House, the aca- 
demic and administrative home of 
the College is essential. Planning is 
now actively underway, and ground 
breaking is anticipated within one 
year. Although Heart House will be 
located in the Washington, D. C. 
area, its influence will be felt in every 
community by provision of curricula, 
advanced educational materials, pro- 
gram aids and human resources. 

| welcome our distinguished 
guests and those delegates from 
Overseas as representative of their 
national cardiologic societies. The 
American College of Cardiology is a 
viable and vital organization. | am 
honored by the responsibilities that 
you have presented to me by elect- 
ing me your President, and trust that 
these responsibilities will be dis- 
charged in a manner to enhance the 
reputation of our profession and the 
health care of our nation. 
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Calendar of Continuing Medical Education Programs 
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The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is’ sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 





Programs and faculty are subject to change. For further information write Mary Anne MclInerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


1973 


MAY How to Collect a Cardiovascular 

7-9 Data Base. J. Willis Hurst, FACC 
and Robert C. Schlant, FACC. 
Royal Coach Motor Hotel, At- 
lanta, Ga. 


MAY 
17-19 


A Critical Approach to Cardio- 
vascular Therapy. Arthur Selzer, 
FACC and Keith E. Cohn, FACC 
co-directors, Jack Tar Hotel, 
San Francisco, Calif. 


The Clinical Manifestations of 
Congenital Heart Disease from, 
Birth thrdugh Adulthood. Joseph 
K. Perloff, FACC, director and 
Sidney Friedman, FACC and 
William Rashkind, co-directors. 
Hospital of the University of 
Pennsylvania, Philadelphia, Pa. 


MAY 
23-25 


Atherosclerotic Heart Disease— 
1973. Robert L. Van Citters, 
FACC, and Harold T. Dodge, 
FACC, co-directors. Anchorage 
Westward Hotel, Anchorage, 
Alaska 


JUNE 
21-22 


JUNE Management of Hyperten- 

27 sion and Cardiac Arrhyth- 
mias. Section on Cardiovas- 
cular Disease. Annual Meet- 
ing, American Medical Asso- 
ciation. George E. Burch, 
FACC, section chairman. The 
Coliseum, New York, N. Y. 


SEPT. 
10-12 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leon- 
ard S. Dreifus, FACC, direc- 
tor and Joseph W. Lin- 
hart, FACC and = Yoshio 
Watanabe, FACC, codirec- 
tors. Downingtown Inn, 
Downingtown, Pa. 


SEPT. 
10-12 


A Symposium on Cardio- 
vascular Nursing. Fred D. 
Ownby, FACC, director. Uni- 
versity of Tennessee at Nash- 
ville, Tenn. 


SEPT. 
20-22 


Auscultation and Bedside 
Examination of the Heart. 
Morton E. Tavel, FACC, di- 
rector. Methodist Hospital 
Graduate Medical Center, 
Indianapolis, Ind. 


OCT. Changing Concepts’ and 

1-3 Methods in the Practice of 
Cardiology. Borys Sura- 
wicz, FACC and Charles 
Fisch, FACC, co-directors. 
University of Kentucky Col- 
lege of Medicine, Lexing- 
ton, Ky. 


OCT. Vectorcardiography (Ad- 
3-5 vanced). Alberto Benchi- 
mol, FACC, director. Moun- 
tain Shadows Hotel, Scotts- 


dale, Ariz. 
OCT. Newer Approaches to the 
44—13 Evaluation and Treatment of 


Hypertension. Laurence A. 
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Grossman, FACC, director 
and Grant W. Liddle, 
Gottlieb Friesinger and 
John A. Oates, co-direc- 
tors. Vanderbilt University 
School of Medicine, Nash- 
ville. 


OCT. 
12-13 


New Techniques and Con- 
cepts in Cardiology. Stephen 
E. Epstein, director. Sheraton 
Park Hotel, Washington, 
D.C. 


OCT. 
16-18 


Electrocardiographic and 
Therapeutic Problems in 
Acute Myocardial Infarction. 
William J. Grace, FACC, di- 
rector. St. Vincent’s Hospital 
and Medical Center of New 
York, New York, N. Y. 


Heart Disease: Practical 
Diagnosis and Management. 
John Ross, Jr., FACC direc- 
tor. Town and Country Hotel, 
San Diego, Calif. 


OCT. 
18-20 


OcT. 31- 
NOV. 2 


Cardiac Pacing. Doris J. W. 
Escher, FACC and Seymour 
Furman, FACC, directors. 
New York Hilton, New York, 
N.Y. 


NOV. Cardiology 1973. T. K. Lin, 
2-4 FACC, director. Princess 
Kaiulani Hotel, Honolulu. 


NOV. 
5-14 


Cardiology for the Con- 
sultant: A Clinician’s Retreat. 
E. Grey Dimond, FACC, di- 


me 


NOV. 
27-29 


DEC. 


6-8 


DEC. 
13-16 


JAN. 
13-15 


JAN. 
10-12 


JAN. 


rector. Rancho Santa Fe 
Inn, Rancho Santa Fe, Calif. 


Clinico-Pathologic Correla- 
tions in Cardiovascular 
Disease. William C. Roberts, 
FACC, director. Confer- 
ence Center, Williams- 
burg, Va. 


Colloquia in Cardiology: 
Number 6. Robert W. Ob- 
lath, FACC, director. Los 
Angeles, Calif. 


Advances in Heart Disease 
1974. Dean T. Mason, FACC, 
director. San Francisco Hil- 
ton, San Francisco, Calif. 


The William Likoff Sympo- 
sium: Recent Advances in 
Cardiovascular Disease. 
Henry |. Russek, FACC, di- 
rector. New York Hilton, 
New York, N. Y. 


1974 


The Cardiac Care Unit in 
1974—Integrated Medical- 
Surgical Care in Acute Coro- 
nary Artery Disease. John H. 
K. Vogel, FACC, director. 
Opticon Theater, Snowmass 
at Aspen, Aspen, Colo. 


Non-Invasive Techniques: 
Their Use in Cardiac Diag- 
nosis and Evaluation of Ven- 
tricular Function. Ernest 
Craige, FACC, director. Uni- 
versity of North Carolina 
School of Medicine, Chapel 
Hill, N. C. 


Core Curriculum: Cardio- 
vascular Physiology: Clinical 


JAN. 


11-15 


FEB. 
15-18 


MAR. 


18-20 


MAR. 
18-22 


MAR. 
25-27 


MAR. 
27-29 


APR. 
1-10 


Implications of Newer Con- 
cepts and Measurements. 
William W. Parmley, FACC, 
director. Palm Springs, 
Calif. 


Core Curriculum: Echocardi- 
ography. Arthur D. Hagan, 
director. U. S. Naval Hospi- 
tal, San Diego, Calif. 


Twenty-third Annual Scien- 
tific Session. H. J. C. Swan, 
FACC, president. Americana 
Hotel and New York Hilton, 
New York, N. Y. 


1974 Reconvened Annual 
Scientific Session. Carlos E. 
Bertran, FACC, director. 
Americana of San Juan, San 
Juan, P. R. 


Pathology of the Heart. Mau- 
rice Lev, FACC, director. 
Palmer House, Chicago, Ill. 


Consultant's Course in 
Cardiology. Simon Dack, 
FACC, director. Mt. Sinai 
Medical Center, New York, 
N.Y. 


Electrocardiographic Inter- 
pretation of Arrhythmias: 
A Physiological Approach. 
Charles Fisch, FACC, direc- 
tor. Indiana University Med- 
ical Center, Indianapolis, 
Ind. 


Title to be determined. 
Robert S. Eliot, FACC, 
director. University of 
Nebraska Center for Con- 
tinuing Education, Omaha, 
Nebr. 


Cardiology for the Con- 
sultant: A Clinicians Re- 


APR. 
3-5 


APR. 
4-6 


APR. 
22-25 


MAY 
7-10 


MAY 
9-11 


MAY 
17-19 


MAY 
23-25 


23rd ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


New York, New York 


COLLEGE NEWS 


, 


treat. E. réy Dimond, 
FACC, director. Rancho 
Santa Fe-Inn, Rancho Santa 
Fe, Calif. 


Core Curriculum: Electro- 
cardiography and Vector- 
cardiography. Alberto Bench- 
imol, FACC, director. Moun- 
tain Shadows Hotel. Scotts- 
dale, Ariz. 


Titte to be determined. 
Lawrence S. Cohen, FACC, 
director. Yale University 
School of Medicine, New 
Haven, Conn. 


Current Concepts in Cardi- 
ology—1974. Philip R. Akre, 
director. Grand Hotel, Las 
Vegas, Nev. 


Title to be determined. J. 
Willis Hurst, FACC, director. 
Royal Coach Motor Hotel, 
Atlanta, Ga. 


The Ventricular Ectopic Beat: 
Heart-throb or Harbinger of 
Death. Bernard Tabatznik, 
director. Urban Life Center, 
Columbia, Md. 


Rational Drug Therapy in 
Cardiovascular Disease. 
Robert J. Lee, Ph.D., direc- 
tor. Squibb Institute, Prince- 
ton, N. J. 


Title to be determined. 
Arthur Selzer, FACC, direc- 
tor. Jack Tar Hotel, San 
Francisco, Calif. 


February 11-14, 1974 
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Highlights from the 22nd Annual Meeting 
of the 

American College of Cardiology 

San Francisco, California 

February 14 to 18, 1973 





Convocation Marshal Harold H. Rosen- 


blum. i 


1973-74 President H. J. C. Swan (left) and 1972-73 President Samuel M. Fox, Ill. 


ad 
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i A f 
Convocation dais, St. Francis Hotel. 
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COLČEGE NEWS 
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ti 
John R. Hogness, MD, accepting Convocation Medal from Presi- The Honorable Paul B. Rogers, Congressman from Florida, in re- 
dent Fox (right). marks following receipt of the Distinguished Service Award of the 
College. 


f i VER: iy r i 
President Fox (left) ‘ate Honorary Fellowship on Michael 
Oliver, MD. 








From left to Serik President Fox, newly named Honorary Fellow i 
Maurice Sokolow, MD and Hilliard J. Katz, MD, Marshal for Dr. From left to right: President Fox, the Honorable Paul B. Rogers 
Sokolow. and George C. Griffith, MD; Marshal for Congressman Rogers. 
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EF ~ i f “N . i i -o 
Newly installed President Swan, shown at the Convocation de- From left to right: President Fox, Maurice Lev, MD, recipient of 
livering remarks to the newly elected Fellows. the 1973 Gifted Teacher Award, and Forrest H. Adams, MD, 
Marshal for Dr. Lev. 


ena eia PT ER 





r OSTE EE TTR 2 PSY Pitre iin frapi cs - Ea DR — nae = à s = ae 
Recipients of the Theodore and Susan B. Cummings Humanitarian Awards for participation during the past year in the International Circuit 
Course Program of the College. From left to right (standing): 1972-73 President Fox, 1973-74 President Swan, Dwight E. Harken, MD, 
W. Dudley Johnson, MD, Dean T. Mason, MD and Henry |. Russek, MD. Not shown are Mary Allen Engle, MD and Rolf M. Gunnar, MD. 
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Some 300 Fellows were inducted at the 1973 Convocation. 
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Newly installed President Swan (right) presents Past President 
plaque to Dr. Fox. 


BY wa) a 
President Fox (right) presents Special Presidential Citation to 
Hughes W. Day, MD, “for his pioneering efforts in the develop- 
ment of Coronary care units.” 


(de. 
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From left to right: President Fox, Eliot Corday, MD, Marshal for 
Dr. Alimurung, and Mariano M. Alimurung, MD, recipient of the 
Distinguished Fellowship Award. 








COLČEGE NEWS 


INITIAL sath. sæ» CORRECTION” 
- 


DEFICIENCIES 


eer eee) R A SHN 
Winners of Governors’ Award for Excellence in Scientific Exhibit. 
From top to bottom: First place winner, “Cardiology and the 
Problem-Oriented Medical System,” Department of Medicine, 
Emory University School of Medicine and Grady Memorial Hospi- 
tal, Atlanta, Ga.; second place winner, “Rechargeable Cardiac 
Pacemaker,” Johns Hopkins University, Baltimore; and third 
place winner, “Seattle Heart Watch,” the University of Washing- 
ton, Seattle. 
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Head table, Annual Meeting of the Board of Governors. 


The largest exhibit program of products in the 
cardiovascular field to be assembled in the 
United States was a part of the 1973 meeting. 


Foreign delegates to the 1973 meeting included 5 
cardiologists from the U.S.S.R., shown here dur- 
ing a press conference with their American host, 
Peter Frommer, MD, of the National Heart and 
Lung Institute. 








`n > 


Board of Trustees meeting. 
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1973-74 Committee Appointments 


The following physicians have been named to the College Committees listed below: 


ADMINISTRATIVE COMMITTEES 


Awards Committee 

C. Frederick Kittle, Chairman, 1974 
Illinois 

Forrest H. Adams, 1976 
California 

Ernest Craige, 1974 
North Carolina 

W. Proctor Harvey, 1976 
District of Columbia 

Thomas N. James, 1976 
Alabama 

Hilliard J. Katz, 1975 
California 


Budget and Finance Committee 


Warren J. Taylor, Chairman, 1975 
Massachusetts 

Melvin D. Cheitlin, 1976 
Maryland 

John J. Curry, 1974 
Maryland 


Constitution and Bylaws Committee 
Robert W. Oblath, Chairman, 1976 
California 
Robert E. Beamish, 1974 
Canada 
Robert G. Carlson, 1974 
New York 


Credentials Committee 


Dean T. Mason, Chairman, 1976 
California 

L. Julian Haywood, 1975 
California 

Dan G. McNamara, 1976 
Texas 

Peter V. Moulder, 1975 
Pennsylvania 

Walt F. Weaver, 1976 
Nebraska 


Executive Committee 

H. J. C. Swan, Chairman, 1975 
California 

Samuel M. Fox, IIl, 1974 
District of Columbia 

Robert J. Hall, 1974 
Texas 

William Likoff, 1975 
Pennsylvania 

Henry D. Mcintosh, 1976 
Texas 

Warren J. Taylor, 1975 
Massachusetts 


Government Relations Committee 


Sylvan L. Weinberg, Chairman, 1976 
Ohio 


William A. Sodeman, Vice Chm., 1975 


Pennsylvania 


Government Relations Committee 
(continued) 


David B. Carmichael, Jr., 1976 
California 

Samuel M. Fox, IIl, 1976 
District of Columbia 

Laurence A. Grossman, 1976 
Tennessee 

Dwight E. Harken, 1974 
Massachusetts 

Herman K. Hellerstein, 1975 
Ohio 

John C. Lungren, 1974 
California 

John M. Packard, 1975 
Alabama 

Robert L. Van Citters, 1975 
Washington 


Investment Committee 

Warren J. Taylor, Chairman, 1975 
Massachusetts 

John J. Curry, 1974 
Maryland 

William D. Nelligan, 1974 
Maryland 


Long Range Planning Committee 

Henry D. Mcintosh, Chairman, 1974 
Texas 

Walter H. Abelmann, 1976 
Massachusetts 

Henry W. Blackburn, Jr., 1975 
Minnesota 

E. Grey Dimond, 1975 
Missouri 

Robert S. Eliot, 1975 
Nebraska 

Mary Allen Engle, 1975 
New York 

Dean T. Mason, 1976 
California 

Robert W. Oblath, 1976 
California 

Robert C. Schlant, 1974 
Georgia 

Warren J. Taylor, 1975 
Massachusetts 


Membership Committee 

Donald C. Harrison, Chairman, 1974 
California 

Paul E. Ebert, 1975 
New York 

Ralph Eugene Smith, 1976 
Minnesota 


Nominating Committee 

William A. Sodeman, Chairman, 1974 
Pennsylvania 

W. Gerald Austen, 1974 
Massachusetts 
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Nominating Committee 

(continued) 

Robert O. Brandenburg, 1975 
Minnesota 

Samuel M. Fox, IIl, 1976 
District of Columbia 

Oscar Magidson, 1976 
California 

Harry F. Zinsser, 1975 
Pennsylvania 


EDUCATIONAL COMMITTEES 


ACCEL ™ Committee 


E. Grey Dimond, Chairman, 1974 
Missouri 

James E. Crockett, 1974 
Missouri 

James H. Getzen, 1974 
California 

Murray S. Hoffman, 1974 
Colorado 

Suzanne B. Knoebel, 1974 
Indiana 

B. L. Martz, 1974 
Missouri 

Robert W. Oblath, 1974 
California 

Herbert D. Ruttenberg, 1974 
Utah 

Alfred Soffer, 1974 
Illinois 


Bethesda Conference Committee 


Arthur C. Beall, Jr., Co-Chairman, 1976 
Texas 

Robert C. Schlant, Co-Chairman, 1974 
Georgia 

Myrvin H. Ellestad, 1975 
California 

Leon Resnekov, 1976 
Illinois 


Continuing Education Programs Committee 


William Likoff, Chairman, 1975 
Pennsylvania 

Lawrence S. Cohen, 1975 
Connecticut 

Robert D. Conn, 1976 
Illinois 

Robert S. Eliot, 1976 
Nebraska 

Michael S. Gordon, 1976 
Florida 

George C. Griffith, 1974 
California 

B. L. Martz, 1974 
Missouri 

Henry D. Mcintosh, 1975 
Texas 
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Continuing Education Programs Committee 

(continued) 

Fred D. Ownby, 1974 
Tennessee 

Joseph K. Perloff, 1974 
Pennsylvania 

Philip Samet, 1975 
Florida 

Arthur Selzer, 1975 
California 

James F. Spann, Jr., 1974 
Pennsylvania 

John A. Spittell, Jr., 1975 
Minnesota 

Borys Surawicz, 1975 
Kentucky 


Heart House Committee 


B. L. Martz, Chairman, 1975 
Missouri 

Forrest H. Adams, 1975 
California 

Simon Dack, 1975 
New York 

E. Grey Dimond, 1975 
Missouri 

Donald A. Dupler, 1975 
Pennsylvania 

Charles Fisch, 1975 
Indiana 

Samuel M. Fox, Ill, 1975 
District of Columbia 

George C. Griffith, 1975 
California 

Dwight E. Harken, 1975 
Massachusetts 

Suzanne B. Knoebel, 1975 
Indiana 

Kenneth G. Kohlistaedt, 1975 
Indiana 

William Likoff, 1975 
Pennsylvania 

Henry D. McIntosh, 1975 
Texas 

Dean T. Mason, 1975 
California 

Robert W. Oblath, 1975 
California 

William C. Roberts, 1975 
Maryland 

William A. Sodeman, 1975 
Pennsylvania 

Paul Dudley White, 1975 
Massachusetts 

Henry A. Zimmerman, 1975 
Ohio 

International Education Committee 

Eliot Corday, Chairman, 1974 
California 

Nemat O. Borhani, 1975 
California 

Dwight E. Harken, 1976 
Massachusetts 

Herman K. Hellerstein, 1974 
Ohio 

Albert Starr, 1976 
Oregon 


Professional Communications Committee 
Bernard L. Segal, Chairman, 1974 


Pennsylvania 
Dale Groom, 1976 


Oklahoma 

James R. Jude, 1975 
Florida 

Ben D. McCallister, 1974 
Missouri 


John E. Merriman, 1976 
Canada 

Max Harry Weil, 1974 
California 


Publications Committee 


John Ross, Jr., Chairman, 1974 
California 

W. Gerald Austen, 1976 
Massachusetts 

Lionel M. Bargeron, Jr., 1976 
Alabama 

Simon Dack (ex officio) 
New York 

Herbert J. Levine, 1975 
Massachusetts 

Charles E. Rackley, 1975 
Alabama 

Burton E. Sobel, 1974 
California 


Self Evaluation Committee 


Charles Fisch, Chairman, 1976 
Indiana 

R. Joe Noble, 1975 
Indiana 

Arthur Selzer, 1976 
California 

Borys Surawicz, 1976 
Kentucky 


Scientific Program Committee 


Eliot Corday, Chairman 
California 

William B. Abrams 
New Jersey 

Forrest H. Adams 
California 

Robert O. Brandenburg 
Minnesota 

Melvin D. Cheitlin 
District of Columbia 

Simon Dack 
New York 

Mary Allen Engle 
New York 

Charles Fisch 
Indiana 

Peter L. Frommer 
Maryland 

William J. Grace 
New York 

George C. Griffith 
California 

Gershon Hait 
New York 

W. Proctor Harvey 
District of Columbia 
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Scientific Program Committee 

(continued) 

David W. Irving 
Canada 

Melvin P. Judkins 
California 

Arnold M. Katz 
New York 

Suzanne B. Knoebel 
Indiana 

James J. Leonard 
Pennsylvania 

Maurice Lev 
Illinois 

Robert S. Litwak 
New York 

G. C. McMillan 
Maryland 

Samuel Meerbaum 
California 

Harold L. Osher 
Maine 

William W. Parmley 
California 

Charles E. Rackley 
Alabama 

Henry |. Russek 
New York 

Miles J. Schwartz 
New York 

Norman E. Shumway 
California 

Warren J. Taylor 
Massachusetts 


Young Investigators’ Competition 
Committee 


William W. Parmley, Chairman, 1976 
California 

Willard M. Daggett, 1975 
Massachusetts 

William F. Friedman, 1976 
California 

Shah Budin H. Rahimtoola, 1975 
Oregon 


Ad Hoc Committee on 
Cardiovascular Surgery 


Robert G. Carlson, Chairman 
New York 

Richard C. Lillehei 
Minnesota 

George C. Morris, Jr. 
Texas 

Donald G. Mulder 
California 


Ad Hoc Mace Committee 
William A. Sodeman, Chairman 
Pennsylvania 
Clifford B. Cherry 
California 
George C. Griffith 
California 


Ad Hoc Committee on Pediatric Cardiology 


Samuel Kaplan, Chairman 
Ohio 


Dan G. McNamara 
Texas 

Saul J. Robinson 
California 

Ramon Rodriguez-Torres 
New York 

Herbert D. Ruttenberg 
Utah 


Ad Hoc Committee on Redefining the 
Role of the American College of 
Cardiology Governors 


Leonard Scherlis, Chairman 
Maryland 

Melvin D. Cheitlin 
Maryland 

Thomas C. Dickinson 
Florida 

Robert J. Hall 
Texas 

Herbert J. Semler 
Oregon 

William A. Sodeman 
Pennsylvania 


COLLEGE REPRESENTATIVES TO 
OTHER ORGANIZATIONS 


American College of Chest Physicians 
Liaison with Government Relations 


Committee 
Sylvan L. Weinberg 


American College of Surgeons 
C. Walton Lillehei 


American Heart Association 
Liaison with Annual Scientific 
Program Committee 
Eliot Corday 
Charles Fisch 
Council on Clinical Cardiology Coronary 
Care Committee 
William J. Grace 
Sylvan L. Weinberg 
Joint Officers Committee 
H.J. C. Swan 
Samuel M. Fox, III 
Henry D. Mcintosh 
William D. Nelligan 
American Medical Association 
Current Medical Terminology Project 
Bernard L. Segal 


Interspeciality Council 
Charles Fisch, Delegate 
Henry D. Mcintosh, Alternate 
Delegate 


Section on Cardiovascular Disease 
George E. Burch, Chairman, 1975 
David B. Carmichael, Jr., 1974 
William J. Grace, 1974 
Harold |. Griffeath, 1973 
Robert W. Oblath, 1976 
William A. Sodeman, 1973 


Audio Engineering Society -° 


Stethoscope Standards Subcommittee 


Dale Groom 


Inter-Society Commission on 
Heart Disease Resources 
Samuel M. Fox, IIl 


Inter-Society Committee on 
Multiphasic Health Screening 


David M. Berkson 
Sylvan L. Weinberg 


National Society for Medical 
Research Council 


William H. Wehrmacher 


National Heart and Lung Institute 
Liaison with Institute Director 
Henry D. Mcintosh 
H. J. C. Swan 
Sylvan L. Weinberg 








Announcement of the 1973 Examination of the 


Sub-Board of Pediatric Cardiology 


The Sub-Board of Pediatric Cardiology announces that it plans to hold its next 
examination in September 1973, if a suitable number of candidates apply. 
The Examination will consist of a Written Examination and an Oral Examination 
to be scheduled on two successive days. All candidates will participate in both 
portions of the Examination. The Written Examination will be a seven-hour 
examination which will be administered on one day, in two sessions, morning 
and afternoon. The Oral Examination will be a one-hour session and will be 
scheduled sometime during the remaining examination period. 

Registration for the 1973 Examination of the Sub-Board extends from 
January 1 through May 31, 1973. Applications are available from the office of 
the Associate Executive Secretary of the American Board of Pediatrics, 3930 
Chestnut St., Philadelphia, Pa. 19104. 

The application fee for certification in Pediatric Cardiology is three hundred 
dollars ($300.00): registration fee—$50.00; examination fee—$250.00. The 
full fee must be remitted with the initial application. If the applicant is not 
accepted for examination, the examination fee ($250.00) will be returned. The 
registration fee ($50.00) will be retained to meet the costs of processing the 
application. 
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INSTRUCTIONS FOR AUTHORS 


The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 81⁄2 x 11 
opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ."’ followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

è Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, De Ç; 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table I, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


e Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 


articles will not be returned. 


e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show 
only essential field. 

e Identify figures on back by num- 
ber and author’s name. 

e Number figures in order in which 
they are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 

e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed), Baltimore, 


Williams & Wilkins, 1968, p 1% 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment, New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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When assisted 
circulation Is 
indicated... 


Cardiassist 


EXTERNAL PRESSURE CIRCULATORY ASSIST 


A noninvasive — atraumatic — easily and quickly applied 
method of counterpulsation. 

For complete information write Medical Innovations, Inc., Dept. AJC 
332 Second Ave., Waltham, Massachusetts 02154. 
Telephone: (617) 890-4266. Cable: MEDINCORP, 

Waltham, Massachusetts, USA. 





HP LEADERSHIP ... IN PRACTICE 


Well give you 
exactly the OR monitoring 
capabilities you need 

-without one 
unwanted extra. 


You know exactly the vital signs you must 
closely follow for safe, effective patient 
management during surgery. We know the best 
ways of getting this information to you — 
clearly, continuously, in the form most useful to 
you. And now we can deliver a monitoring 
system completely “customized” to your 
requirements, through a new family of modern, 


modular HP instruments. 

If you need only ECG, heart rate and 
peripheral pulse, for example, one compact 
module displays both waveforms, plus the heart 
rate as a highly-visible “light bar.” Or 
additional capabilities can easily be included: 
systolic/diastolic/mean or venous pressures, 
including positive and negative values. Or 


temperature. Or respiration rate. Or some 
other parameter. Your HP system will include 















Ree eee 


modules for exactly those parameters you need 
— and deliver information to you as bright 
displays of waveforms and large, unmistakable 
digits. Electrical safety of the patient is 
preserved by special circuitry. All modules are 
easy to use — few controls reduce the chances 
of operator errors. Reliability of data is 
enhanced by maximum rejection of artifacts 


and fast recovery after defibrillation. 
Call or write HP now for more information 


on OR systems, operator training for your 
nurses, 24-hour Emergency Service. 
Hewlett-Packard, Waltham, Massachusetts. 


il 


hp, PACKARD 






HEWLETT 


17301 


A-62 


Introducin 

the 30-mont 
Full Replacement 

Warranty 


trom the people who introduced the 24-month warranty. 


We believe strongly in the integrity of Biotronik implantable pace- 
makers. So strongly that we now back our IP-44 Fixed Rate Pace- 
maker and IDP-44 R-Wave Inhibited Demand Pacemaker with a 
30-month full replacement warranty. Not a pro-rated warranty... 
a full replacement warranty. 


We were first with a 24-month full replacement warranty on all our 
implantable cardiac pacemakers in 1970. And first with interference 
shielding, the single twist connector and a definite end of life 
indicator for premature battery failure. Which should tell you some- 
thing about the quality of our product and the nature of our 
philosophy. Get to know Biotronik, the pacemaker known for quality. 


For more information on the Biotronik family of pacemakers, send 


a ound tne a, 


INC 


SEM a Ny PNET Oe U.S. DISTRIBUTORS OF BIOTRONIK 
Pacemaker and IDP-44 R-Wave 6003 126th Avenue North 
Inhibited Demand Pacemaker Clearwater, Florida 33516 








Physio Control... 
products for the 
world’s most skilled hands: 








Whichever vital role you perform in the spectrum of 
cardio-vascular medicine, Physio-Control shares your 
fundamental purpose . . . the preservation and support 
of human life. We manufacture our products much as 
you learn and perfect your skills . . . knowing that lives 
will depend on doing the job properly. We build defibril- 
lators . . . the best. We build ICU-CCU monitoring sys- 
tems... the best, certainly for the price. We build an 

In Vivo Oximeter that makes all others obsolete. We build 
the Thomas Femoral Shunt for kidney patients, a Poly- 
rhythm device for training, ECG Recorders and 
electrodes and jellies and alot more... all the best. And, 
our deepest on-going commitment is making every 
product, old or new, better every way we can. 


We invite you to ask us, or tell us . . . how we can aid 
your hands in their life-serving work. Contact: Physio- 
Control Corporation, 2607 Second Avenue, Seattle, 
Washington 98121. Telephone (206) 624-4824. 
Telex 32-0166. Cable: Physio-Sea. 


C—Physio-Control 





PHILIPS 


Cardio-Diagnost 
System 


A timely approach 
to Cineangiography 





® TM NV. Philips of Holland 


Cineangiography is an exacting procedure with 
patient positioning a most important factor. It,be- 
came apparent that it would be helpful to ‘ind 
a convenient way to do oblique cine without 
oblique patients. We did; and without using a 
bulky and cumbersome C arm that gets in every- 
body’s way. 


The unique U arm of the Cardio-Diagnost lets you 
scan from neck to pelvis, up and down, longitud- 
inally and laterally—you can even do 60° left and 
right obliques—without ever rotating the patient. 
The patient stays comfortable, catheters stay in 
place and everything’s so much easier. 


The Cardio-Diagnost reduces Lab time since its 
table is separate and on casters. Now your patient 
can be prepped in an adjacent area, wheeled into 
the Lab for the cine procedure (the table gently 
secured to the fixed unit by a positive docking sys- 
tem) and the Lab is soon available for your next 
patient. Less time—more patients. 


You can trust in Philips quality... for trust in Philips 
is world-wide. 


For more information write to: Dept. T/M, 
710 Bridgeport Avenue, Shelton, Conn. 06484 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 
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OUR BLOOD E 
PRESSURE TRANSDUCER 
AND ITS CREDENTIALS. 


stop to prevent damage up to 10 times the rated full 
scale pressure range and excellent frequency response 
for accurate monitoring of the heart pulse characteristic. 

The Bell & Howell 4-327 is not affected by posi- 
tion. Not harmed by mechanical shock. And not shaken 
by vibration or microphonic transients. Its been a 
proven performer for 8 years. 


THE PRESSURE IS ON US. 


Our 4-327s are available on a moment’s notice. 
We maintain an inventory which allows us to guaran- 
tee shipment within 24 hours of your order. That 
goes for new orders as well as repeat orders. New cus- 
tomers as well as old customers. Which means the 


The ii & mae Type 4-327 Physiol ogical world’s most accurate blood pressure transducer 
Blood Pressure Transducer; Measures arterial and is probably also the world’s fastest, from our 


i i i i hands. 
venous blood pressure. Specifically designed for use myepoty ma ed ; 
in hospital ca hi ae = dc rte 5 Need service? Our delivery philosophy ex- 
i l tends to our service policy. When you need us you 


HOW ACCURATE? HOW GOOD? can getus. 
sedat eg mig GET TOGETHER WITH THE 4-327 


instrument available. Twice 
Our transducers 


as accurate as any other 
make. Accurate down to 2 % are our best represent- 
atives. But they can’t 


as a matter of fact. 
The Bell & Howell answer a phone. How- 
4-327 transducer features ever, if you call col- 
a sensor design that has a lect, (213) 796-9381 
we'll see to it that you 


four-active-arm Wheatstone 
bridge element with excel- and our 4-327 blood pressure transducer get together. 








lent calibration stability. Its N 
advanced design includes a positive fons seal, WE’RE REWRITING THE BOOK. 
stable output as saline fluid temperatures It’s true. We are rewriting the book, 


à the Bell & Howell Transducer Encyclopedia. 
To be published this fall, it will contain im- 
portant information on the use of the 

4-327. If you would like a preview of this 
information, send for your free copy of 

the 4-327 Instruction Manual. Write: 
Transducer Encyclopedia, Bell & Howell, 

< CEC/ Instruments Division, 360 Sierra 
Madre Villa, Pasadena, California 91109. 


change, and a removable catch for quick 
interchangeability. 


SPECIAL FEATURES: 


Construction is rugged but its 
finish is that of a precision instrument. 
It has a positive seal using silicone rubber 
gaskets and is autoclaveable with/without 
connectors. Also, it has an overpressure 


f Bette Howe 


WE'RE REWRITING THE BOOK. 





© Copyright 1973 Bell & Howell 








“The drug of choice 
for oral replacement 





of potassium is 


potass 





solution: 





um chloride 


9 








AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


Kay Ciel Elixir is 






f 


COMPOSITION: Each 15 cc. (one table- 
spoonful) contains potassium chloride 1.5 
Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea. 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily 4 is 





d CGopPer i, a Inc., Wayne, N.J. 07470/Ste. Therese, P.Q., Canada 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochloremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 
fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 





otassium chloride... 
astes good too! 


exists, it should be promptly treated with 
the discontinuance of potassium adminis- 
tration or other steps to lower serum levels 
if indicated, since sudden shift in plasma 
levels may induce potentially dangerous 
cardiac arrhythmias. 

DOSAGE AND ADMINISTRATION: Adults, 
one tablespoonful (15 cc.) diluted in one 
glass of water, twice daily after the 
morning and evening meal. Larger doses 
may be indicated according to the indi- 
vidual patient's requirements but should 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. 

HOW SUPPLIED: One pint and one gallon 
bottles. 
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Lm 
Lasix 
furosemide 
Tablets /Injection 


WARNING — Lasix (furosemide) is a potent diuretic 
which if given in excessive amounts can lead to a 
profound diuresis with water and electrolyte deple- 
tion. Therefore, careful medical supervision is re- 
quired, and dose and dose schedule have to be ad- 
justed to the individual patient's needs. (See under 
“DOSAGE AND ADMINISTRATION.”) 


DESCRIPTION — Lasix is a diuretic, chemically dis- 
tinct from the organomercurials, thiazides and other 
heterocyclic compounds. It is characterized by: 
a high degree of efficacy; 
a rapid onset of action; 
a comparatively short duration of action; 
a ratio of minimum to maximum effective dose 
higher than 1:10; 
the fact that it acts not only at the proximal and 
distal tubules but also at the ascending limb of 
Henle's loop. 


Lasix (furosemide) is an anthranilic acid derivative. 
Chemically, it is 4-chloro-N-furfuryl-5-sulfamoylan- 
thranilic acid. 


INDICATIONS — Lasix (furosemide) is indicated for 
the treatment of the edema associated with congestive 
heart failure, cirrhosis of the liver, and renal disease, 
including the nephrotic syndrome. Lasix is particu- 
larly useful when an agent with greater diuretic poten- 
tial than that of those commonly employed is desired. 


If the gastrointestinal absorption is impaired or oral 
medication is not practicable for any reason, Lasix is 
indicated by the intramuscular or intravenous route. 
The intravenous administration of Lasix is indicated 
when a rapid onset of the diuresis is desired, e.g., 
acute pulmonary edema. 


Parenteral administration should be reserved for pa- 
tients where oral medication of Lasix (furosemide) is 
not practical. 


Hypertension—Lasix Tablets may be used for the 
treatment of hypertension alone or in combination 
with other antihypertensive drugs. Hypertensive pa- 
tients who cannot be adequately controlled with thia- 
zides will probably also not be adequately controlla- 
ble with Lasix (furosemide) alone. 


CONTRAINDICATIONS—Because animal reproductive 
studies have shown that Lasix (furosemide) may cause 
fetal abnormalities the drug is contraindicated in 
women of child-bearing potential. 


Lasix is contraindicated in anuria. If increasing azo- 
temia and oliguria occur during treatment of severe 
progressive renal disease, the drug should be discon- 
tinued. In hepatic coma and in states of electrolyte 
depletion, therapy should not be instituted until the 
basic condition is improved or corrected. Lasix is 
contraindicated in patients with a history of hyper- 
sensitivity to this compound. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. 


WARNINGS—Excessive diuresis may result in dehy- 
dration and reduction in blood volume, with circula- 
tory collapse and with the possibility of vascular 
thrombosis and embolism, particularly in elderly pa- 
tients. 


Excessive loss of potassium in patients receiving 
digitalis glycosides may precipitate digitalis toxicity. 
Care should also be exercised in patients receiving 
potassium-depleting steroids. 


Frequent serum electrolyte, CO2 and BUN determina- 
tions should be performed during the first few months 
of therapy and periodically thereafter, and abnormali- 
ties corrected or the drug temporarily withdrawn. 


In patients with hepatic cirrhosis and ascites, initia- 
tion of therapy with Lasix (furosemide) is best carried 
out in the hospital. Sudden alterations of fluid and 
electrolyte balance in patients with cirrhosis. may pre- 
cipitate hepatic coma; therefore, strict observation is 
necessary during the period of diuresis. Supplemental 
potassium chloride and, if required, an aldosterone 
antagonist are helpful in preventing hypokalemia and 
metabolic alkalosis. 


As with many other drugs, patients should be ob- 
served regularly for the possible occurrence of blood 


dyscraslas, liver damage, or other idiosyncratic re-. 


actions. 

In those instances where potassium supplementation 
is required, coated potassium tablets should be used 
only when adequate dietary supplementation is not 
practical. 

There have been several reports, published and 
unpublished, concerning nonspecific small-bowel le- 
sions consisting of stenosis, with or without ulcer- 
ation, associated with the administration of enteric- 
coated thiazides with potassium salts. These lesions 


may occur with enteric-coated potassium tablets 
alone or when they are used with nonenteric-coated 
thiazides, or certain other oral diuretics. 


These small-bowel lesions have caused obstruction, 
hemorrhage, and perforation. Surgery was frequently 
required, and deaths have occurred. 


Available information tends to implicate enteric- 
coated potassium salts, although lesions of this type 
also occur spontaneously. Therefore, coated potas- 
sium-containing formulations should be administered 
only when indicated, and should be discontinued 
immediately if abdominal pain, distention, nausea, 
vomiting, or gastrointestinal bleeding occurs. 


Patients with known sulfonamide sensitivity may 
show allergic reactions to Lasix (furosemide). 


PRECAUTIONS—As with any potent diuretic, electro- 
lyte depletion may occur during therapy with Lasix, 
especially in patients receiving higher doses and a 
restricted salt intake. Electrolyte depletion may mani- 
fest itself by weakness, dizziness, lethargy, leg 
cramps, anorexia, vomiting, and/or mental confusion. 
In edematous hypertensive patients being treated 
with antihypertensive agents, care should be taken to 
reduce the dose of these drugs when Lasix is admin- 
istered, since Lasix potentiates the hypotensive effect 
of antinypertensive medications. 


Asymptomatic hyperuricemia can occur and gout may 
rarely be precipitated. Reversible elevations of BUN 
may be seen. These have been observed in associa- 
tion with dehydration, which should be avoided, par- 
ticularly in patients with renal insufficiency. 


Cases of reversible deafness and tinnitus have been 
reported following the injection of Lasix. These ad- 
verse reactions occurred when Lasix was injected at 
doses exceeding several times the usual therapeutic 
injection dose of 1 to 2 ampules (20 to 40 mg.). Tran- 
sient deafness is more likely to occur in patients with 
severe impairment of renal function and in patients 
who are also receiving drugs known to be ototoxic. 
Periodic checks on urine and blood glucose should 
be made in diabetics and even those suspected of 
latent diabetes when receiving Lasix. Increases in 
blood glucose and alterations in glucose tolerance 
tests with abnormalities of the fasting and two-hour 
postprandial sugar have been observed, and rare 
cases of precipitation of diabetes mellitus have been 
reported. 


Lasix (furosemide) may lower serum calcium levels, 
and rare cases of tetany have been reported. Accord- 
ingly, periodic serum calcium levels should be ob- 
tained. 


Patients receiving high doses of salicylates, as in 
rheumatic diseases, in conjunction with Lasix may 
experience salicylate toxicity at lower doses because 
of competitive renal excretory sites. 


Sulfonamide diuretics have been reported to de- 
crease arterial responsiveness to pressor amines and 
to enhance the effect of tubocurarine. Great caution 
should be exercised in administering curare or its 
derivatives to patients undergoing therapy with Lasix, 
and it is advisable to discontinue oral Lasix for one 
week and parenteral Lasix two days prior to any elec- 
tive surgery. 


ADVERSE REACTIONS — Various forms of dermatitis, 
including urticaria and rare cases of exfoliative 
dermatitis, pruritus, paresthesia, blurring of vision, 
postural hypotension, nausea, vomiting, or diarrhea, 
may occur. 


Anemia, leukopenia, aplastic anemia, and thrombo- 
cytopenia (with purpura) may occur. Rare cases of 
agranulocytosis have occurred which responded to 
treatment. 


Cases of reversible deafness and tinnitus have been 
reported. These adverse reactions occurred when 
Lasix Injection was given at doses exceeding several 
times the usual therapeutic dose of 1 to 2 ampules 
(20 to 40 mg.). (See “PRECAUTIONS.”) 


In addition, the following rare adverse reactions have 
been reported; however, relationship to the drug has 
not been established with certainty: sweet taste, oral 
and gastric. burning, paradoxical swelling, headache, 
jaundice, thrombophlebitis and emboli (see “WARN- 
INGS"), and acute pancreatitis. 


Lasix induced diuresis may be accompanied by weak- 
ness, fatigue, lightheadedness or dizziness, muscle 
cramps, thirst, increased perspiration, urinary bladder 
spasm and symptoms of urinary frequency. 


As far as hyperglycemia is concerned, see “PRE- 
CAUTIONS.” 


Transient pain after intramuscular injection has been 
reported at the Injection site. 


DOSAGE AND ADMINISTRATION 

Oral Administration—The usual dose of Lasix is 1 to 
2 tablets (40 to 80 mg.) given as a single dose, pref- 
erably in the morning. Ordinarily, a prompt diuresis 
ensues. Depending on the patient’s response, a sec- 


ond dose can be administered 6 to 8 hours later. 
This dosage and dosage schedule can then be main- 
tained or even reduced. If the diuretic response with 
a single dose of 1 to 2 tablets (40 to 80 mg.) is not 
Satisfactory, e.g., in a patient with congestive heart 
failure refractory to maximal doses of thiazides, the 
following schedule should be used: Increase this 
dose by increments of 1 tablet (40 mg.) not sooner 
than 6 to 8 hours after the previous dose until the 
desired diuretic effect has been obtained. This indi- 
vidually determined single dose should then be given 
once or twice daily (e.g., at 8:00 a.m. and 2:00 p.m.). 
The dose of Lasix may be carefully titrated up to 600 
mg. per day in those patients with severe clinical 
edematous states. Higher doses are currently under 
investigation. 


The mobilization of edema may be most efficiently 
and safely accomplished by utilizing an intermittent 
dosage schedule in which the diuretic is given for 2 
to 4 consecutive days each week. With doses exceed- 
ing 80 mg./day and given for prolonged periods, 
careful clinical and laboratory observations are par- 
ticularly advisable, 


Hypertension—The usual dose of Lasix (furosemide) 
is one tablet (40 mg.) twice daily both for initiation 
of therapy and for maintenance. Careful observations 
for changes in blood pressure must be made when 
this Compound is used with other antihypertensive 
drugs, especially during initial therapy. 


The dosage of other agents must be reduced by at 
least 50 per cent as soon as Lasix is added to the 
regimen to prevent excessive drop in blood pressure. 
As the blood pressure falls under the potentiating 
effect of Lasix, a further reduction in dosage, or even 
discontinuation, of other antihypertensive drugs may 
be necessary. It is further recommended, if one tab- 
let (40 mg.) twice daily does not lead to a clini- 
Cally satisfactory response, to add other hypotensive 
agents, e.g., reserpine, rather than to increase the 
dose of Lasix. 


Until more experience is accumulated in the pediatric 
use of Lasix (furosemide), children should not be 
treated with the drug. ` 


Parenteral Administration—The usual dose of Lasix 
is 1 to 2 ampules (20 to 40 mg.) given as a single 
dose, injected intramuscularly or intravenously. The 
intravenous injection should be given slowly (1 to 
2 minutes). Ordinarily, a prompt diuresis ensues. 
Depending on the patient's response a second dose 
= be administered two hours after the first dose 
or later. 


If the diuretic response with a single dose of 1 to 2 
ampules (20 to 40 mg.) is not satisfactory, e.g., in a 
patient refractory to maximal doses of thiazides, the 
following schedule should be used under careful 
medical supervision: Increase this dose by incre- 
ments of 1 ampule (20 mg.) not sooner than two 
hours after the previous dose until the desired diuretic 
effect has been obtained. This individually deter- 
mined single dose should then be given once or twice 
daily. Parenteral administration should be reserved 
for patients where oral medication is not practical. 
Parenteral therapy with Lasix can be replaced by 
treatment with Lasix Tablets as soon as this i$ prac- 
tical for continued mobilization of edema. 


Acute Pulmonary Edema—Since the diuresis evoked 
by Lasix given intravenously commences within five 
minutes and leads to an intensive diuresis, the treat- 
ment of patients with acute pulmonary edema with 
Lasix (furosemide) intravenously has proven par- 
ticularly valuable. 


The following schedule is recommended: 2 ampules 
(40 mg.) of Lasix are to be slowly injected intra- 
venously immediately. Then this dose should be fol- 
lowed by another 2 ampules (40 mg.) one to one and 
one-half hours later if that is indicated by the pa- 
tient’s condition. 


If deemed necessary, additional therapy (e.g., digi- 
talis, oxygen) can be administered concomitantly. 


Until more experience is accumulated in the pediatric 


use of Lasix (furosemide), children should not be 
treated with the drug. 


HOW SUPPLIED—Lasix (furosemide) Tablets are 
supplied as white, monogrammed, scored tablets of 
40 mg. in amber bottles of 100 (FSN 6505-062-3336), 
500, and Unit Dose 100's (20 strips of 5). Lasix In- 
jection is supplied as a sterile solution in 2 ml. am- 
ber ampules; boxes of 5 (FSN 6505-435-0377) and 
50. Each ml. contains 10 mg. furosemide (with so- 
dium chloride for isotonicity and sodium hydroxide 
to make the solution slightly alkaline). 

Note: Exposure to light may cause slight discolor- 
ation which, however, does not alter potency. 
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Your experience Bt 
with Lasix’ {furosemide} or, 
has proven its usefulness 
in office practice. 





Tablets 
40 mg. 


O Rapid onset of diuresis, usually within an hour 
after administration, can lead to prompt, notice- 
able clinical improvement. 

O The usual daily dosage of 40 mg. may be care- 
fully raised to as high as 600 mg., if necessary. 

g Patient inconvenience is minimal since diuresis 
is usually complete within 6 to 8 hours. 

g In long-term therapy, dry weight can be reliably 
and safely maintained by adjusting the dose to 
fit your patient's individual need. 

O Unexpected side effects are rare at usual doses 
and are frequently related to diuresis. (See 
complete listing of adverse reactions in full 
prescribing information.) 
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No. excellent 
Type patients to good 
of pain Dosage studied analgesia Adverse Reactions 
post- 30mg. 29 79.3% As the study progressed, the dos- 


operative age was increased to 45 and 60 mg. 


pains 45 mg. 70 83.0% to determine whether higher doses 
- would produce greater analgesia with- 


60mg. 101 94.0% Outan increase in adverse effects.” 
“Only a few minor side effects were 
observed.” 


z: “At the start of the study, adult 
a ° ’ 
post 3u mg. 68 94.0% patients were given 30 mg. doses. It 


leas or was found, however, that a 60 mg. 
P 60mg. dose gave better analgesia with no 
noticeable difference in tolerance.” 


*Study based on response to a single dose. 
tStudy based on multiple doses, according to patient need. 

References: 1. Finestone, S. C. and Katz, J.: Pentazocine as a postoperative analgesic, 
Anesth. Analg. 45:312, May-June 1966. 2. Snow, E. W.: Pentazocine—clinical evalua- 
tion, Abdom. Surg. 9:150, May 1967. 

Provides relief comparable to that of morphine and meperidine, but 
with fewer significant adverse effects? 

e Compared to morphine, Talwin causes less severe respiratory 
depression, hypotension, urinary retention, constipation. 

e Compared to meperidine, Talwin is less likely to cause nausea, 
vomiting, diaphoresis. 

e Not subject to narcotic controls. 


ttSee next page for a complete discussion of Warnings, Precautions, Adverse Reactions, 
and other Prescribing Information. 
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Talwin® * 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 mi.),45 mg. 
(1% ml.), and 60 mg. (2 mi.) 
Vials: (10 mI.) 30 mg./mi. 


0 mg. for I.V., I.M., or S.C. use 
45 mg. for I.M. or S.C. use 
60 mg. for I.M. or S.C. use 





indications: For the relief of moderate to se- 
vere pain. Talwin may also be used for pre- 
operative or preanesthetic medication and asa 
supplement to surgical anesthesia. 
Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionally unstable patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been in- 
stances of psychological and physical depend- 
ence on Talwin in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
difficulty. In the rare patient in whom more 
than minor difficulty has been encountered, re- 
institution of parenteral Talwin with gradual 
withdrawal has ameliorated the patient's symp- 
toms. Substituting methadone or other nar- 
cotics for Talwin in the treatment of the Talwin 
abstinence syndrome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-admin- 
istered, the physician should take precautions 
to avoid increases in dose and frequency of in- 
jection by the patient and to prevent the use of 
the drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pres- 
sure. The respiratory depressant effects of 
Talwin and its potential for elevating cerebro- 
spinal fluid pressure may be markedly exag- 
gerated in the presence of head injury, other 
intracranial lesions, or a preexisting increase 
in intracranial pressure. Furthermore, Talwin 
can produce effects which may obscure the 
Clinical course of patients with head injuries. 
In such patients, Talwin must be used with ex- 
treme caution and only if its use is deemed 
essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been es- 
tablished. Animal reproduction studies have 
not demonstrated teratogenic or embryotoxic 
effects. However, Talwin should be adminis- 
tered to pregnant patients (other than labor) 
only when, in the judgment of the physician, 
the potential benefits outweigh the possible 
hazards. Patients receiving Talwin during labor 
have experienced no adverse effects other than 
those that occur with commonly used analge- 
sics. Talwin should be used with caution in 
women delivering premature infants. 

Acute CNS Manifestations. Patients receiving 


of moderate to severe intensity 


therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually vis- 
ual), disorientation, and confusion which have 
cleared spontaneously within a period of hours. 
The mechanism of this reaction is not known. 
Such patients should be very closely observed 
and vital signs checked. If the drug is reinsti- 
tuted it should be done with caution since the 
acute CNS manifestations may recur. 

Usage in Children. Because clinical experience 
in children under twelve years of age is lim- 
ited, the use of Talwin in this age group is not 
recommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may cause respira- 
tory depression should be considered in treat- 
ment of patients with bronchial asthma. Talwin 
should be administered only with caution and 
in low dosage to patients with respiratory de- 
pression (e.g., from other medication, uremia, 
or severe infection), obstructive respiratory 
conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
Causes or increases renal or hepatic impair- 
ment, the drug should be administered with 
caution to patients with such impairment. Ex- 
tensive liver disease appears to predispose to 
greater side effects (e.g., marked apprehen- 
sion, anxiety, dizziness, sleepiness) from the 
usual clinical dose, and may be the result of 
decreased metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with 
myocardial infarction who have nausea or 
vomiting. 

Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few such 
patients in association with the use of Talwin 
although no cause and effect relationship has 
been established. 

Adverse Reactions: The most commonly occur- 
ring reactions are:.nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including 
pruritus; other: urinary retention, headache, 
paresthesia, alterations in rate or strength of 
uterine contractions during labor. 

Rarely reported reactions include—neuromus- 
cular and psychiatric: muscle tremor, insomnia, 
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disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, mio- 
sis; other: tachycardia, soft tissue induration, 
nodules, cutaneous depression, and ulceration 
(sloughing) at, the injection site, weakness or 
faintness, chills, moderate transient eosino- 
philia, allergic reactions including edema of 


the face. 
See Acute CNS Manifestations and Drug De- 


pendence under WARNINGS. 

Dosage and Administration: Adu/ts, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, 
subcutaneous, or intravenous route. This may 
be repeated every 3 to 4 hours. Doses in ex- 
cess of 30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not recom- 
mended. Total daily dosage should not exceed 
360 mg. As with most parenteral drugs, when 
frequent daily injections are needed over a 
prolonged period, intramuscular administration 
is preferable to subcutaneous. In addition, con- 
stant rotation of injection sites (e.g., the upper 
outer quadrants of the buttocks, mid-lateral 
aspects of the thighs, and the deltoid areas) is 
recommended. 

Patients in Labor. A single, intramuscular 30 
mg. dose has been most commonly adminis- 
tered. An intravenous 20 mg. dose has given 
adequate pain relief to some patients in labor 
when contractions become regular, and this 
dose may be given two or three times at two- 
to three-hour intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. i 
Overdosage: Manifestations. Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures 
should be employed as indicated. Assisted or 
controlled ventilation should also be consid- 
ered. Although nalorphine and levallorphan are 
not effective antidotes for respiratory depres- 
sion due to overdosage or unusual sensitivity 
to Talwin, parenteral naloxone (Narcan®, avail- 
able through Endo Laboratories) is a specific 
and effective antagonist. 

Talwin is not subject to narcotic controls. 

How Supplied: Ampu/s of 1 mi. (30 mg.), 
1% ml. (45 mg.), and 2 ml. (60 mg.) in boxes 
of 25. Each 1 ml. contains Talwin (brand of 
pentazocine) as lactate equivalent to 30 mg. 
base and 2.8 mg. sodium chloride, in water for 
injection, 

Multiple dose vials of 10 ml., each 1 mi. con- 
taining Talwin (brand of pentazocine) as lac- 
tate equivalent to 30 mg. base, 2 mg. acetone 
sodium bisulfite, 1.5 mg. sodium chloride, and 
1 mg. methylparaben as preservative, in water 
for injection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 





Injectable 
Iwin’ 


pentazocine 


(as lactate) 





(1617) 


The American Journal of CARDIOLOGY 


JUNE 1973 èe VOLUME 31 © NUMBER 6 


CONTENTS IN BRIEF 





687 


696 


701 


708 


712 


718 
724 


736 


742 


749 


755 


763 


774 


778 
781 


785 


789 


792 


796 


799 


803 


805 
806 
807 
809 
819 


CLINICAL STUDIES 


Critical Analysis of Clinical Factcys in Estimating Severity of Aortic Valve Disease. E. E. Eddieman, Jr., Walter B. Frommeyer, 
Jr., Douglas P. Lyle, William H. Bancroft, Jr. and Malcolm E. Turner, Jr. 


Quantitative Evaluation of Cineaortography in the Assessment of Aortic Regurgitation. David Hunt, William A. Baxley, J. Ward 
Kennedy, T. P. Judge, J. Edmund Williams and Harold T. Dodge 

Geometric and Functional Abnormalities of the Left Ventricle with a Chronic Localized Noncontractile Area. Soichiro 
Kitamura, Jerome Harold Kay, Bernard G. Krohn, Oscar Magidson and Edward F. Dunne 


Surgical Treatment of Aneurysm and Segmental Dyskinesia of the Left Ventricular Wall After Myocardial Infarction. Eric 
Hazan, Gerard Bloch, Claude Rioux, Yves Louville, Yves Cirotteau and Jean Mathey 


Effects of Intravenously Administered Propranolol on Wall Motion Abnormalities. Phillip Ludbrook, Joel S. Karliner, William 
Kostuk and Robert A. O'Rourke 


EXPERIMENTAL STUDIES 

Effect of Antihistaminic Drugs on Hypoxic Pulmonary Hypertension. Armando Susmano and Richard A. Carleton 

Hemodynamic Effects of Adrenergic Stimulating and Blocking Agents in Cardiogenic Shock and Low Output State After Myo- 
cardial Infarction. S. N. Misra and Paul Kezdi 

PEDIATRIC CARDIOLOGY 


Prediction of Left Ventricular Pressure from the Vectorcardiogram in Transposition of the Great Arteries. Nige! Roberts and 
Rodney S. Fowler 


Factors Influencing Systemic Arterial Oxygen Saturation in Complete Transposition of the Great Arteries. Douglas D. Mair and 
Donald G. Ritter 


Ventricular Septal Defect in Tetralogy of Fallot. Glenn C. Rosenquist, Lauren J. Sweeney, Dale R. Stemple, Soame D. 
Christianson and Richard D. Rowe 


METHODS 


Assessment of Left Ventricular Dimensions and Function by Echocardiography. Israel Belenkie, Donald O. Nutter, Dwight W. 
Clark, D. Bruce McCraw and Albert E. Raizner 


REPORTS ON THERAPY 

Hypertrophic Subaortic Stenosis: Clinical and Hemodynamic Effects of Long-Term Propranolol Therapy. Robert E. Stenson, 
M. D. Flamm, Jr., Donald C. Harrison and E. W. Hancock 

HISTORICAL MILESTONES 


Anton Weichselbaum on the Etiology of Acute Endocarditis—1885. Saul Jarcho 


CASE REPORTS 


Hemophilus Influenzae Pericarditis with Cardiac Tamponade. Martin Duke and Thomas J. Donovan 
Intracardiac Foreign Body Simulating Double-Chamber Right Ventricle. Gabriel Kenaan, Jerome Harold Kay, John V. Reding- 
ton, A. Michael Mendez, Pablo Zubiate, Edward Dunne and Richard Roger 


Resolution of an Obstructive Coronary Lesion as Demonstrated by Selective Angiography in a Patient with Transmural Myo- 
cardial Infarction. Robert R. Henderson, Charles E. Hansing, Mehdi Razavi and George G. Rowe 


Syncopal Attacks Arising from Erratic Demand Pacemaker Function in the Vicinity of a Television Transmitter. George F. 
D'Cunha. Thomas Nicoud, Albert H. Pemberton, Francis F. Rosenbaum and James T. Botticelli 


Isolated Tricuspid Incompetence After Penetrating Trauma. David A. Mary, John B. Day, Brojesh C. Pakrashi and Marian |. 
lonescu 


DIAGNOSTIC SHELF 
“Color Vectrocardiograms” Recorded in 2 Cases of Inferior Myocardial Infarction. Shinji Kinoshita and Tadashi Kobayashi 
EDITORIALS 


Considerations on Impulse Formation in the Left Atrium and Its Diagnosis by Electrocardiogram. Jules Cohen and David 
Scherf 


Angiocardiographic Determination of Ejection Fraction in Coronary Artery Disease. Murray G. Baron 
SPECIAL DEPARTMENTS 

Reviews in Cardiology 

Book Reviews 

American College of Cardiology News 

Index: Abstracts 

Index: Volume 31 


Published monthly except July and November, semimonthly, by the Magazine Division, DUN - DONNELLEY PUBLISHING CORPORATION, 666 Fifth Ave., 
New York, N. Y. 10019. Price $3.00 a copy, Special/Symposia $5.00 a copy, $18.00 a year (Canada $19.00, Foreign $22.00). Second Class Postage 
paid at New York, N. Y. and additional mailing offices. 


continued p 


A-5 





der 


D 
HT 9 
= 
L 


When 
the heart 





-D 
2 
== 
=o 
Cf) mm 

= 
pr- 
D 
T 
o 











u 
tiy ii > 





Ñ ~~ 
\ 


Geer vt MS Mo os). AY Ay 


SAN 


at AY n 


Beta-adrenergic blockade with INDERAL (propranolol 
hydrochloride) is a unique mechanism for the 
management of catecholamine-induced arrhythmias. 
By decreasing impulse formation and conduction, 
INDERAL decreases the rate and force of myocardial 
contraction. Clinical benefit is most frequently evident 
in the reduction of the ventricular rate or in preventing 
recurrence of arrhythmias. Sinus rhythm is 
occasionally restored, even in cases where other 
drugs have failed. 


In cases refractory to other agents, INDERAL may 
prove to be an effective adjunct. The specific activity 
of INDERAL at the beta-adrenergic receptor sites 
obviates interference with the effects of the 
nonadrenergic cardiotonic agents. 


INDERAL is especially helpful in the management of 
catecholamine-induced supraventricular arrhythmias. 


Ventricular arrhythmias do not generally respond as 
predictably. An exception is digitalis-induced 
arrhythmias, which INDERAL controls bya - 
nonspecific antiarrhythmic action. 


INDERAL (oral) in: 

paroxysmal atrial tachycardia 

sinus tachycardia and extrasystoles 
(atrial and ventricular) 

atrial flutter and fibrillation 
tachyarrhythmia of digitalis intoxication 
hypertrophic subaortic stenosis 
pheochromocytoma 


INDERAL (intravenous) in: 

tachyarrhythmias associated with anesthesia 
(in selected cases) 

ventricular tachycardias 

(when cardioversion technics are not available) 





Brand of 





the beta-adrenergic blocking agent 


Inderal 


propranolol hydrochloride 


10mg. and 40mg. lablets 
1mqa./cc. Injectable 


(See following page for Brief Summary.) 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


Inderal 
(propranolol hydrochloride) 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), 
THE PHYSICIAN SHOULD BE THOROUGHLY FAMILIAR WITH 


THE BASIC CONCEPT OF ADRENERGIC RECEPTORS (ALPHA 
AND BETA), AND THE PHARMACOLOGY OF THIS DRUG. 





INDICATIONS 
INDERAL is indicated in the management of: 
1) CARDIAC ARRHYTHMIAS 
a) Paroxysmal atrial tachycardia 
b) Sinus tachycardia and extrasystoles (atrial and ventricular) 


c) Atrial flutter and fibrillation 

In the majority of cases of flutter or fibrillation, a beneficial effect is ob- 
tained by the reduction of ventricular response (reduced ventricular rate) 
to the atrial tachyarrhythmia by partial A-V block. Occasionally, normal 
sinus rhythm may be restored, but the mechanism of this action is un- 
known, 

d) Tachyarrhythmia of digitalis intoxication 

Digitalis-induced tachyarrhythmias may lead the physician to increase the 
dose on the false assumption that the previous dosage was inadequate. 
Digitalis-induced tachyarrhythmias are usually reversible within minutes 
by INDERAL, given intravenously, Once normal rhythm has been restored, 
maintenance with oral therapy is indicated. (See Dosage and Administra- 
tion.) 

e) Tachyarrhythmias associated with anesthesia 

Tachyarrhythmias during anesthesia may sometimes arise because of car- 
bon dioxide accumulation, surgical stimulation, or catecholamine admin- 
istration. When usual measures fail, INDERAL may be given intravenously 
to abolish these arrhythmias. However, INDERAL should not be used to 
treat arrhythmias associated with anesthetics that produce myocardial de- 
pression, for example, chloroform and ether. 


f) Ventricular tachycardias 

When a matter of minutes in controlling the arrhythmia may mean life or 
death, and when cardioversion technics are not available, INDERAL may 
be given intravenously slowly and in low dosage, (See Dosage and Ad- 
ministration.) Although risks must necessarily be taken to control the ar- 
rhythmia in these cases, the cautious use of the drug will reduce them to a 
minimum. Care in the administration of INDERAL and constant monitoring 
with an electrocardiograph is essential, as the failing heart requires some 
sympathetic drive to maintain myocardial tone. 

g) Occasionally in severe tachyarrhythmias, the reduction of ventricular 
rate with use of INDERAL may permit a more accurate electrocardiographic 
diagnosis of the arrhythmia. 

2) HYPERTROPHIC SUBAORTIC STENOSIS 

INDERAL reduces the ventricular gradient induced by exogenous cate- 
cholamine (isoproterenol) by relieving outflow obstruction. The control of 
angina, syncope, vertigo, and palpitations in these patients may represent 
blockade of endogenous catecholamine overstimulation. 


3) PHEOCHROMOCYTOMA 

INDERAL protects the heart from the positive inotropic and chronotropic 
effects of excessive levels of catecholamines. Alpha-adrenergic blocking 
drugs (phenoxybenzamine and phentolamine) diminish the risk of exces- 
sive hypertension before and during surgical treatment of the pheochrome 
tumors, but do not prevent excessive cardiac stimulation by catechola- 
mines. However, INDERAL should always be used concomitantly with 
alpha-receptor blockaders since antagonism of the dilator (beta) action of 
epinephrine on peripheral vessels may leave the constrictor (alpha) action 
unopposed and cause a serious rise in blood pressure. In patients with in- 
operable or metastatic pheochromocytoma, INDERAL is a useful adjunct 
to the management of symptoms due to excessive beta-receptor stimulation, 


CONTRAINDICATIONS 


INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis 
during the pollen season; 3) sinus bradycardia and greater than second 
degree or total heart block; 4) cardiogenic shock; 5) right ventricular fail- 
ure secondary to pulmonary hypertension; 6) congestive heart failure (see 
under WARNINGS) unless the failure is secondary to a tachyarrhythmia 
treatable with INDERAL, i.e. some patients with congestive failure exhibit- 
ing rapid heart rates due to a strong sympathetic component, with in- 
adequate response to maximum doses of digitalis and diuretic, may be 
improved by the cautious addition of INDERAL to the treatment regimen; 
7) in patients receiving anesthetics that produce myocardial depression 
such as chloroform and ether; 8) in patients on adrenergic-augmenting 
psychotropic drugs (including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 


WARNINGS 


CARDIAC FAILURE: Sympathetic stimulation is a significant component in 
supporting circulatory function in congestive heart failure, and inhibition 
with beta-blockade always carries the potential hazard of further depres- 
sing myocardial contractility and precipitating cardiac failure. 

In frank or incipient congestive failure, therefore, treatment with INDERAL 
should be carried out cautiously and preferably under the protective cover 





of concurrent digitalization. INDERAL (propranolol hydrochloride) acts 
selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e. that of supporting the strength of myocardial contractions). 


In patients without a history of cardiac failure, continued depression of 
the myocardium over a period of time can, in some cases, lead to cardiac 
failure. In rare instances, this has been observed during INDERAL therapy. 
Therefore, at the first sign or symptom of impending cardiac failure, 
patients should be fully digitalized, and the response observed closely: 
(a) if cardiac failure continues to progress, INDERAL therapy must be 
immediately withdrawn; (b) however, if tachyarrhythmia is being con- 
trolled, patients should be maintained on combined dosage and the patient 
closely followed until threat of cardiac failure is over. 


PATIENTS PRONE TO HYPOGLYCEMIA: Caution should be exercised in 
the administration of INDERAL to patients subject to spontaneous hypo- 
glycemia or to diabetics (especially labile diabetics) receiving insulin or 
oral hypoglycemic agents. Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pulse pressure changes) of acute hypoglycemia. 


USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has 
not been established. Use of any drug in pregnancy or women of childbear- 
ing potential requires that the possible risk to mother and/or fetus be 
weighed against the expected therapeutic benefit. 


PRECAUTIONS 


Patients receiving catecholamine depleting drugs such as reserpine should 
be closely observed when INDERAL is introduced into the treatment regi- 
men. The added catecholamine blocking action of this drug may then pro- 
duce an excessive reduction of the resting sympathetic nervous activity. 

Occasionally, the pharmacologic activity of INDERAL may produce hy- 
potension and/or marked bradycardia resulting in vertigo, syncopal at- 
tacks, or orthostatic hypotension. 

As with any new drug given over prolonged periods, laboratory para- 
meters should be observed at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. 


ADVERSE REACTIONS 


In the majority of patients INDERAL is well tolerated, and side effects 
have been transient in nature, rarely necessitating withdrawal of therapy. 
Nausea, vomiting, light-headedness, mild diarrhea, constipation, and 
mental depression (manifested by insomnia, lassitude, weakness, and fa- 
tigue) have been observed during the course of clinical investigation. One 
case of mental depression which progressed to a catatonic state was re- 
turned to normal when the drug was discontinued. Isolated cases of erythe- 
matous rash, paresthesia of the hands, fever combined with aching and 
sore throat, visual disturbances, and hallucinations have also been re- 
ported. Rarely, respiratory distress and laryngospasm have been reported 
following intravenous administration. 


Elevated blood urea levels have occasionally been observed in a few 
patients with severe heart disease, and it is suspected that these high 
values were due to the renal status of the patient rather than a result of 
therapy. Similarly, elevated serum transaminase levels have occasionally 
been observed, but in no case was there any clinical or other laboratory 
evidence of hepatic dysfunction. One case of nonthrombocytopenic pur- 
pura and one case of thrombocytopenic purpura have been reported from 
abroad in patients who were receiving other drugs in addition to INDERAL, 
Three instances of reversible alopecia coincident with INDERAL adminis- 
tration have been reported; relationship to the drug has not been es- 


tablished. 
DOSAGE AND ADMINISTRATION 
The oral route of administration is preferred. 


ORAL 
Arrhythmias—10-30 mg. three or four times daily, before meals and at 
bedtime. 


Hypertrophic Subaortic Stenosis—20-40 mg. three or four times daily, before 
meals and at bedtime. 


Pheochromocytoma—Preoperatively—60 mg. daily in divided doses for three 
days prior to surgery, concomitantly with an alpha-adrenergic blocking 
agent.—_Management of inoperable tumor—30 mg. daily in divided doses. 


INTRAVENOUS 

The usual dose is from 1-3 mg. administered under ECG monitoring. The 

rate of administration should not exceed 1 mg. (1 cc.) per minute. Suffi- 

cient time should be allowed to enable a slow circulation to carry the 

drug to the site of action. Once an alteration in rate of rhythm is recorded, 

it is advisable to give no further INDERAL until the full effect is observed. 
Depending on the response, a second dose may be repeated after two 

minutes, Additional medication should not be given in less than four hours. 

Therapy with oral dosage is advisable as soon as possible. 

NOTE: Should excessive bradycardia occur, atropine 0.5-1.0 mg. should be 


administered intravenously. 

SUPPLIED 

Inderal® 

(propranolol hydrochloride) 

TABLETS—No. 461—Each tablet contains 10 mg. of propranolol hydro- 
chloride, in bottles of 100 and 1,000. 
—No. 464—Each tablet contains 40 mg. of propranolol hydrochloride, in 
bottles of 100 and 1,000. 
INJECTABLE—No. 3265—Each cc. contains 1 mg. of propranolol hydro- 
chloride in Water for Injection. The pH is adjusted with citric acid. Sup- 
plied as: 1 cc. ampuls—Boxes of 10. 


A AYERST LABORATORIES 
New York, N.Y. 10017 


INDERAL® (propranolol hydrochloride) is available in the United States by arrangement with Imperial Chemical Industries Ltd. 
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Holter DCG Monitoring Case History No.18 


A 56-year-old female medical assistant had increasingly 
frequent ventricular extrasoles over a 10-year period. For 
several of those years, she had prolonged episodes of 
ventricular bigeminy and trigeminy; and in the year preced- 
ing the first DCG, she developed short salvos of ventricular 
tachycardia. During the 10-year period, the patient was tried 
on a variety of antiarrhythmic drugs without benefit. 


A new agent was then tried, and the patient was continu- 
ously monitored utilizing the Holter DCG technique to de- 
termine the effectiveness of the drug. Within a week, the 


DCG record demonstrated the effectiveness of the new 
therapy, and additional periodic DCG’s confirmed the con- 
tinual effectiveness of the drug. 


Strips one and two were taken prior to the use of the new 
agent, while the patient was working at her typewriter. 
Despite the evidence of bigeminy, trigeminy, and ventricular 
tachycardia — the patient experienced no symptoms at the 
time of the occurrences. The third strip was recorded one 
week after the start of the new medication. 





Courtesy of Cardio-Dynamics Laboratories, Inc. 


Now Available To Every Physician... 


DYNAMIC ELECTROCARDIOGRAPHY"(DCG) 
WITH THE AVIONICS-HOLTER SYSTEM 


24-hour ECG 
recorder for 
ambulatory 
patients 


e Post MI Follow-Up 
e Phantom Chest Pains and Dizziness 
e Pacemaker Evaluation 





24-minute scan 
of ECG tape 
recording plus 
standard ECG 
documentation 
of abnormalities 


e Evaluation of Drug Administration 
e Ease of Operation 
e Ease of Economic Justification 


For more information, return the coupon below. 


C] Please send me the literature. | would like to know more about Holter monitoring and 
the Avionics Dynamic Electrocardiographic Systems. 


C Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 
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* Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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CLINICAL STUDIES 


687 Critical Analysis of Clinical Factors in Estimating Severity of Aortic Valve Disease 


E. E. EDDLEMAN, Jr., WALTER B. FROMMEYER, Jr., DOUGLAS P. LYLE, 
WILLIAM H. BANCROFT, Jr. and MALCOLM E. TURNER, Jr. 


In this group of 79 patients with aortic stenosis or combined aortic stenosis and insufficiency it was pos- 
sible to predict the level of the aortic-left ventricular gradient (above or below 50 mm Hg) in approximately 
83 percent of patients, relying primarily upon the slope of the carotid upstroke, calcium in the valve, T 
wave inversion and a large left ventricular impulse. Syncope and heart failure were found to indicate the 
state of myocardial function and were better related to contractility than to peak gradient. 


696 Quantitative Evaluation of Cineaortography in the Assessment of Aortic Regurgitation 


DAVID HUNT, WILLIAM A. BAXLEY, J. WARD KENNEDY, T. P. JUDGE, J. EDMUND WILLIAMS 
and HAROLD T. DODGE 


Aortic regurgitation estimated from cineaortograms in 69 patients with aortic valvular incompetence corre- 
lated significantly with the percent and volume of regurgitation as measured by quantitative biplane left 
ventricular angiocardiography and Fick cardiac output studies. The degree of aortic regurgitation deter- 
mined from the aortogram was more commonly overestimated than underestimated, but the correlation 
was better in patients with a large end-diastolic volume and normal ejection fraction. 


701 Geometric and Functional Abnormalities of the Left Ventricle with a Chronic Localized 
Noncontractile Area 


SOICHIRO KITAMURA, JEROME HAROLD KAY, BERNARD G. KROHN, OSCAR MAGIDSON and 
EDWARD F. DUNNE 


After myocardial infarction critical size of the noncontractile area beyond which significant functional 
derangement occurred appeared to be 20 to 30 percent of the left ventricular internal surface area. The 
ejection fraction was a more sensitive indicator of the size of the noncontractile area than cardiac output 
or left ventricular end-diastolic pressure. 


708 Surgical Treatment of Aneurysm and Segmental Dyskinesia of the Left Ventricular Wall After 
Myocardial Infarction 


ERIC HAZAN, GERARD BLOCH, CLAUDE RIOUX, YVES LOUVILLE, YVES CIROTTEAU and 
JEAN MATHEY 


In this series of 20 patients with left ventricular aneurysm or segmental dyskinesia treated surgically the 
hospital mortality rate was 5 percent. Surgical results were good in resection of aneurysms and less dra- 
matic in repair of segmental dyskinesia. In the latter group results were better when the indication for 
surgery was arrhythmia. 
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more...whole world slowed down. 


constipation: 


Poor eating habits...often, on various 
constipating drugs...inactive, frequently < 
debilitated ...weakened muscles fo p 
. sluggish, atonic bowel. Fr 
Result—in many oldsters—constipation. 


laxation: Sef okot 


Gentle, predictable and easy-to-take (standardized senna concentrate) 


SENOKOT Tablets or Granules. Taken at 
bedtime, they usually induce comfort- Tablets/Granules 


able evacuation in the morning. 
Leave your older patient feeling more 


like getting up and around. a natural laxative 


Supplied: SENOKOT Tablets (small, 
easy-to-swallow)—Bottles of 50 and 100. 


SENOKOT Granules (delicious, cocoa- : 
flavored)—4, 8 and 16 ounce Purdue Frederick 


(1 Ib.) Canisters. © COPYRIGHT 1973, THE PURDUE FREDERICK COMPANY/NORWALK. CONN. 06856 
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712 Effects of Intravenously Administered Propranolol on Wall Motion Abnormalities 
PHILLIP LUDBROOK, JOEL S. KARLINER, WILLIAM KOSTUK and ROBERT A. O'ROURKE 


Using external wall motion video tracking, these investigators found that doses of propranolol sufficient 
to increase the ratio of the preejection period to left ventricular ejection time, decrease heart rate and 
increase heart size did not exaggerate preexisting paradoxical wall motion or accentuate latent areas of 
paradox in patients with previous myocardial infarction. 


EXPERIMENTAL STUDIES 


718 Effect of Antihistaminic Drugs on Hypoxic Pulmonary Hypertension 
ARMANDO SUSMANO and RICHARD A. CARLETON 


The administration of promethazine (Phenergan) and chlorpheniramine (Chlor-Trimeton) but not diphen- 
hydramine (Benadryl) significantly decreased the pulmonary hypoxic pressor response in dogs during an 
initial exposure to hypoxia. All 3 antihistaminic agents prevented pulmonary hypertension during a second 
exposure to hypoxia, thus supporting the hypothesis that histamine mediates hypoxic pulmonary hyperten- 
sion. 


724 Hemodynamic Effects of Adrenergic Stimulating and Blocking Agents in Cardiogenic Shock and Low 
Output State After Myocardial Infarction 


S. N. MISRA and PAUL KEZDI 


Small doses of isoproterenol combined with norepinephrine significantly improved all hemodynamic vari- 
ables and lactate utilization in experimentally produced cardiogenic shock in dogs. The results were attrib- 
uted to optimal sympathetic augmentation. Similar treatment produced equally good results in 5 patients 
with cardiogenic shock. 


PEDIATRIC CARDIOLOGY 


736 Prediction of Left Ventricular Pressure from the Vectorcardiogram in Transposition of the Great 
Arteries 


NIGEL ROBERTS and RODNEY S. FOWLER 


In this vectorcardiographic study of 72 children with complete transposition of the great arteries a clock- 
wise loop in the horizontal vector or an S/R ratio of more than 2:1 in lead X of the orthogonal lead electro- 
cardiogram suggested decreased left ventricular pressure. A counterclockwise or figure-of-8 loop in the 
horizontal plane or an S/R ratio of less than 2:1 in lead X suggested increased left ventricular pressure. 
Use of these criteria correctly predicted left ventricular pressure in 84 percent of cases. 


742 Factors Influencing Systemic Arterial Oxygen Saturation in Complete Transposition of the Great 
Arteries 


DOUGLAS D. MAIR and DONALD G. RITTER 


Hemodynamic data from 100 patients aged 1 year or older with complete transposition of the great arteries 
reveal a strong likelihood of a single ventricle when the systemic arterial saturation is 85 percent or 
greater. The index derived from the level of systemic arterial oxygen saturation divided by the hemoglobin 
concentration is useful in diagnosing pulmonary vascular disease or pulmonary stenosis and often elimi- 
nates the need for repeated cardiac catheterizations. 
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Now! A complete Exercise Stress Test 
Heart Monitoring System totally engineered, 
manufactured,marketed, and serviced 
by Avionics. 





Automatic Blood Pressurometer 
Respiratory Gas Analyzer 


12-lead ECG Capability 
ST & H/R Trend Recording 


BASIC SYSTEM COMPONENTS MODULES AND CAPABILITIES 
e Stress Test Heart Monitor e ST-Segment Computer 
Treadmill e Digital Heart Rate Meter 
Telemetry e Automatic Paperwriter Programmer 
& 
Eo 


For more information on the most complete exercise stress-test heart-monitoring system available — comprised only of integrally 
designed and clinically-proven components — return this coupon today. 


C] Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 


L) Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 


Name and Title 
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AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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749 Ventricular Septal Defect in Tetralogy of Fallot 


GLENN C. ROSENQUIST, LAUREN J. SWEENEY, DALE R. STEMPLE, SOAME D. CHRISTIANSON 
and RICHARD D. ROWE 


The ventricular septal defect in 28 of 67 specimens of hearts with tetralogy of Fallot at the Johns Hopkins 
Hospital was surrounded entirely by muscular tissue, presumably representing an inferior division of the 
embryonic infundibular septum (parietal band) in these specimens. The superior division of the parietal 
band forms the anterior margin of the ventricular septal defect and the superior border of the stenotic in- 
fundibulum. 


METHODS 


755 Assessment of Left Ventricular Dimensions and Function by Echocardiography 


ISRAEL BELENKIE, DONALD O. NUTTER, DWIGHT W. CLARK, D. BRUCE McCRAW and 
ALBERT E. RAIZNER 


This study confirms an acceptable positive correlation between most echo and angiographic measure- 
ments of left ventricular dimensions in 18 patients when technically comparable records could be obtained. 
There was poor correlation between echo posterior wall thickness and the angiographic anterior wall 
thickness or calculated left ventricular mass. Echocardiographic indexes of ventricular function helped 
to distinguish between normal and abnormal left ventricular function in the 40 patients with cardiac 
disease and in 5 normal patients. 


REPORTS ON THERAPY 


763 Hypertrophic Subaortic Stenosis: Clinical and Hemodynamic Effects of Long-Term Propranolol 
Therapy 


ROBERT E. STENSON, M. D. FLAMM, Jr., DONALD C. HARRISON and E. W. HANCOCK 


The long-term clinical response of 13 patients with hypertrophic subaortic stenosis to orally administered 
propranolol! correlates well with the reduction of outflow obstruction observed after intravenous injection 
of this drug. Propranolol favorably affects the symptomatic state but does not alter the course of the under- 
lying disease. Surgery should be considered for severely symptomatic patients who cannot tolerate pro- 
pranolol therapy or whose condition does not improve with it. 


HISTORICAL MILESTONES 


774 Anton Weichselbaum on the Etiology of Acute Endocarditis—1885 
SAUL JARCHO 
Weichselbaum, an eminent professor of pathologic histology and bacteriology at the University of Vienna 
during its golden years, concluded in 1885 that failure to cultivate microorganisms from the usual case of 
verrucous endocarditis need not indicate the nonparasitic character of the disease. His view, based on 


experimental data, was that the disease may be protracted and microorganisms present at onset may die 
before death of the patient. 


CASE REPORTS 
778 Hemophilus Influenzae Pericarditis with Cardiac Tamponade 
MARTIN DUKE and THOMAS J. DONOVAN 
This unusual case demonstrates that purulent pericarditis due to Hemophilus influenzae, like that following 
acute nonspecific or viral pericarditis, can progress rapidly within weeks to acute constrictive pericar- 


ditis. The patient recovered fully after pericardiectomy. 
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To convert to normal sinus rhythm, 
and maintain...and maintain... and maintain... 









(quinidine DIOQ 


uronate) 


Low B.1.D. or T.I.D. dosage in most cases : 





Greater G.I. tolerance 





Full quinidine cardiodynamics 


*From case records on file with the Medical Department, The Purdue Frederick Company. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine polygalacturonate) are indicated in the treatment of: premature 
atrial and ventricular contractions; paroxysmal atrial tachycardia; paroxysmal AV junctional rhythm; atrial flutter; paroxysmal atrial 
fibrillation; established atrial fibrillation when therapy is appropriate: paroxysmal ventricular tachycardia when not associated with 
complete heartblock; maintenance therapy after electrical conversion of atrial fibrillation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to escape mechanisms should not be treated with quinidine. WARNING: In the 
treatment of atrial flutter reversion to sinus rhythm may be preceded by a progressive reduction in the degree of AV block to a 
1:1 ratio and resulting extremely rapid ventricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine polygalacturonate 
275 mg.) is equivalent in quinidine content to 3 grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage must be 
adjusted to individual needs, both for conversion and maintenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm is not restored after 3 or 4 equal doses, the dose may be 
increased by ¥ to 1 tablet (137.5 to 275 mg.) and administered three to four times before any further dosage increase. For mainte- 
nance, one tablet may be used two to three times a day; generally one tablet morning and night will be adequate. SUPPLIED:. 


„Uncoated, scored tablets in bottles of 50. 


PURDUE FREDERICK 


© COPYRIGHT 1572, 1973, THE PURDOE FREDERICK COMPANY/NORWALK. CONN. Oeane : tersi  tanawe 
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781 Intracardiac Foreign Body Simulating Double-Chamber Right Ventricle 
GABRIEL KENAAN, JEROME HAROLD KAY, JOHN V. REDINGTON, A. MICHAEL MENDEZ, 
PABLO ZUBIATE, EDWARD DUNNE and RICHARD ROGER 


Myocardial and endocardial fibrosis and massive fibrous tissue reaction in the heart explain the complex 
manifestations of this traumatic heart disease initiated by a wooden splinter puncture of the heart 54 years 
previously in a 59 year old woman. 


785 Resolution of an Obstructive Coronary Lesion as Demonstrated by Selective Angiography in a 
Patient with Transmural Myocardial Infarction 


ROBERT R. HENDERSON, CHARLES E. HANSING, MEHDI RAZAVI and GEORGE G. ROWE 

Coronary arteriograms and left ventriculography in a 34 year old woman showed 50 percent obstruction 
of the proximal left anterior descending coronary artery and hypokinesis of the left ventricle 7 months 
after an acute transmural anterior myocardial infarction; 31 months later repeat studies showed a normal 
arteriogram and persistent left ventricular hypokinesis. This finding suggests that transmural myocardial 


infarction with normal coronary arteriogram may be an artifact of the elapsed time between the infarction 
and arteriography. 


789 Syncopal Attacks Arising from Erratic Demand Pacemaker Function in the Vicinity of a Television 
Transmitter 


GEORGE F. D’CUNHA, THOMAS NICOUD, ALBERT H. PEMBERTON, FRANCIS F. ROSENBAUM 
and JAMES T. BOTTICELLI 


Malfunction and inhibition of an implanted permanent Medtronic 5842 pacemaker occurred as a result of a 


changing radio-frequency field in the vicinity of a television transmitter. Titanium shielding of the pace- 
maker corrected the sensing problem. 


792 Isolated Tricuspid Incompetence After Penetrating Trauma 
DAVID A. MARY, JOHN B. DAY, BROJESH C. PAKRASHI and MARIAN |. IONESCU 
This study describes the third reported case of tricuspid incompetence after penetrating trauma and the 


first with surgical correction using a stented pericardial graft. Echocardiography helped to corroborate the 
diagnosis. 


DIAGNOSTIC SHELF 


796 “Color Vectorcardiograms” Recorded in 2 Cases of Inferior Myocardial Infarction 
SHINJI KINOSHITA and TADASHI KOBAYASHI 
Single plane color vectorcardiography, as illustrated in 2 patients with inferior myocardial infarction, 


represents an interesting technique for facilitating vectorcardiographic interpretation by the average 
clinician. 


EDITORIALS 


799 Considerations on Impulse Formation in the Left Atrium and Its Diagnosis by Electrocardiogram 
JULES COHEN and DAVID SCHERF 


continued . 
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BURDICK’S 
EK/5A CARDIOGRAPH- 
NOW WITH NEW 
PATIENT ISOLATION 














— and unique automatic lead marking 


Engineering advancements that made the Burdick EK/5 highly respect- 
ed by the medical profession have been retained in the new EK/5A 
that also gives you new patient isolation (extremely low leakage cur- 
rent for maximum patient safety) and automatic lead marking activated 
by the lead selector switch. 

Important refinements have also been added: long-life gold contacts 
on circuit boards, fewer and smaller circuit boards, high safety margins 
on components. 

But safety and service-free operation are not the whole story! Burdick 
gives you operating convenience, diagnostic accuracy, reliable per- 
formance — all in a smartly styled 17-Ib. instrument. Ask your Burdick 
dealer for full specifications —he'll be glad to arrange a demonstration 
— or write The Burdick Corporation, Milton, Wisconsin 53563. 


BURDICK 
ee 
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Angiocardiographic Determination of Ejection Fraction in Coronary Artery Disease 
MURRAY G. BARON 


SPECIAL DEPARTMENTS 


Reviews in Cardiology 

Book Reviews 

American College of Cardiology News 
Index: Abstracts 

Index: Volume 31 


CORRECTION 


An error was made on page 45 in the January issue of the Journal (Paulay KL, Damato AN: 
Comparison of atrial and ventricular drive on sinus nodal function in the dog. Amer J Cardiol 


31: 41-46, 1973). The fourth sentence in the Discussion section should have read as follows: 
“The salient feature of this relation is that when atrial systole immediately follows rather than 
precedes ventricular systole, as in the normal situation, the atrial contribution to filling is lost 
and the atrium contracts against a closed A-V valve.” 
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* resting ECG 


FLEXIBILITY 

Medcraft’s new CDC Series 70 
System is a complete Cardiac 
Diagnostic Center that can monitor 
and evaluate the resting/continuous 
ECG, the stress/exercise ECG or 
the ambulatory ECG. 


SELECTIVE ECG 

Using convenient cassettes, the 
*physician can pre-select specific 
time periods for monitoring the 


| 


ambulatory patient. These periods 
could be isolated segments within a 
24-hour period; a full 24-hour 
period; several days, weeks or 
months. Selected periods can be 
reviewed easily and quickly. 
ECONOMY AND CONTROL 

The patient can return cassettes 
in-person, or by mail, if necessary, 
for review. The CDC reproduce unit 


—y 6 


a ambulatory patient monitor «stress test monitor 





gives a fast review of all recorde 
information; 8 hours can be 
reviewed in 15 minutes. Pre-set 
limits, when exceeded, indicate 
portions of interest for real-time 
scan and tape print-out. 


MINIMUM PERSONNEL 

The CDC Series 70 System is 
compact, easy to use and 
understand, and can be operate 
most cases with existing person 
The reproduce unit is completel 


A 


method 


self-contained and has memory 
scope, rate module, 5-lead 
switchable ECG, telemetry panel, 
fast-scan, ECG tracing, voice 
commentary channel, and system- 
test functions. When used in 
conjunction with Medcraft’s 
portable ECG recorder, it gives the 
practicing physician an economical, 
flexible, simply controlled method of 
monitoring cardiac abnormalities. 


a a * y 


MEDCRAFT ECG SYSTEMS 
2710 Forest Lane Dallas, Texas 75234 


(214) 241-6831 
[] Send brochure 
[] Arrange demonstration 


Name e 
Address.. 
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of monitoring cardiac 
abnormalities using 
new CDC 70 System. 


edcraft’s 
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RIOPAN 


ANTACID SUSPENSION 


Lowest 
sodium 
content 


of the 8 
leading 


als 


antacias* 


Pleasant, fresh 
mint-like taste 


Consistently 
effective 


RIOPAN 


Brand of 


magaldra 


Also available in 
Chew and Swallow Tablets 
; AYERST LABORATORIES 


New York, N.Y. 10017 


*Adapted from Penna, R. P.: Antacids, in Hand- 
book of Non-Prescription Drugs, Washington, 
D.C., American Pharm. Assn., 1971 Edition, p. 7. 
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Enduron 


METHYCLOTHIAZIDE TABLETS Camm 





Brief Summary 


CONTRAINDICATIONS: Anuria. 

Hypersensitivity to this or other sulfonamide-derived drugs. 

The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Should be used with caution in severe renal disease. 
In patients with renal disease, thiazides may precipitate azotemia. 
Cumulative effects of the drug may develop in patients with 
impaired renal function. 

Thiazides should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations 
of fluid and electrolyte balance may precipitate hepatic coma. 

Thiazides may be additive or potentiative of the action of other 
antihypertensive drugs. Potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. 

Sensitivity reactions may occur in patients with a history of allergy 
or bronchial asthma. 

The possibility of exacerbation or activation of systemic lupus 
erythematosus has been reported. 


USAGE IN PREGNANCY: Usage of thiazides in women of childbearing 
age requires that the potential benefits of the drug be weighed 

against its possible hazards to the fetus. These hazards include fetal 

or neonatal jaundice, thrombocytopenia, and possibly other adverse 
reactions which have occurred in the adult. 


NURSING MOTHERS: Thiazides cross the placental barrier and 
appear in cord blood and breast milk. 


PRECAUTIONS: Periodic determination of serum electrolytes to 
detect possible electrolyte imbalance should be performed at 
appropriate intervals. 

All patients receiving thiazide therapy should be observed for 
clinical signs of fluid or electrolyte imbalance; namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when the patient is vomiting 
excessively or receiving parenteral fluids. Medication such as digitalis 
may also influence serum electrolytes. Warning signs, irrespective of 
cause, are: Dryness of mouth, thirst, weakness, lethargy, drowsiness, 
restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as 
nausea and vomiting. 

Hypokalemia may develop with thiazides as with any other potent 
diuretic, especially with brisk diuresis, when severe cirrhosis is present, 
or during concomitant use of corticosteroids or ACTH. 

Interference with adequate oral electrolyte intake will also contribute 
to hypokalemia. Digitalis therapy may exaggerate metabolic effects 
of hypokalemia especially with reference to myocardial activity. 

Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather; appropriate therapy is water 
restriction, rather than administration of salt except in rare instances 
when the hyponatremia is life threatening. 

In actual salt depletion, appropriate replacement is the therapy 
of choice. 

Hyperuricemia may occur or frank gout may be precipitated in 
certain patients receiving thiazide therapy. 

Insulin requirements in diabetic patients may be increased, 
decreased, or unchanged. Latent diabetes mellitus may become 
manifest during thiazide administration. 

Thiazide drugs may increase the responsiveness to tubocurarine. 

The antihypertensive effects of the drug may be enhanced in the 
postsympathectomy patient. 

Thiazides may decrease arterial responsiveness to norepinephrine. 
This diminution is not sufficient to preclude effectiveness of the 
pressor agent for therapeutic use. 

If progressive renal impairment becomes evident as indicated by a 
rising nonprotein nitrogen or blood urea nitrogen, a careful 
reappraisal of therapy is necessary with consideration given to 
withholding or discontinuing diuretic therapy. 

Thiazides may decrease serum PBI levels without signs of thyroid 
disturbance. 


ADVERSE REACTIONS: Gastrointestinal system reactions: Anorexia, 
gastric irritation, nausea, vomiting, cramping, diarrhea, constipation, 
jaundice (intrahepatic cholestatic jaundice), pancreatitis. 

Central nervous sytem reactions: Dizziness, vertigo, paresthesias, 
headache, xanthopsia. 

Hematologic reactions: Leukopenia, agranulocytosis, thrombocytopenia, 
aplastic anemia. 

Dermatologic—hypersensitivity reactions: Purpura, photosensitivity, 
rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis). 

Cardiovascular reaction: Orthostatic hypotension may occur and may 
be aggravated by alcohol, barbiturates, or narcotics. 

Other: Hyperglycemia, glycosuria, hyperuricemia, muscle spasm, 
weakness, restlessness. 

Whenever adverse reactions are moderate or severe, thiazide 
dosage should be reduced or therapy withdrawn. 


For more detailed information, consult your Abbott representative, 

or write: 

Abbott Laboratories, Dept. 321 

North Chicago, IL60064 305446 


mEq/ 24 hrs. above control 


The 
Potassium 
Plateau 


5 mg 


Dose response to methyclothiazide; 
urine electrolyte patterns (10 patients) 


7.5 mg 








10 mg 


A valid reason to consider two tablets 
before you consider two drugs in the 
management of hypertension. 


Look at the Enduron dose response curve. 
Potassium excretion plateaued at 5 mg. 
(one tablet) for non-edematous patients.' 
Which means that doubling the dose did 
not increase kaliuresis. 

And since it has been estimated that 
50-75% of all hypertensives can be con- 
trolled on a diuretic alone,? doubling the 
dosage from 5 mg. to 10 mg. is a prudent 
step in the management of hypertension 
... before adding a second drug to your 


patient’s regimen. 

Enduron offers simple, once-a-day 
dosage and 24-hour pharmacological 
action. As with all thiazides, periodic 
monitoring of patient electrolyte balance 
should be programmed, especially in 
long-term therapy. 

1. Podolsky, S., et al; Clinical Evaluation of 


Methyclothiazide, a New Potent Long-Acting Oral 
Diuretic Drug: Henry Ford Med. Bull., Sept. 1961. 


2. Schoenberger, J. A., Management of Essential 
Hypertension: Med. Clin. of N. Amer. Jan. 1971. 





Enduron 5 mg. 


methyclothiazide tablets 


See opposite page for Brief Summary 


= ; 


305446 


isn t 
it 
a 


shame? 


It simply is not worth the few pennies difference 
in the price of recording chart paper to run the 
risk of ruining a recording. 


You can avoid this risk. ..buy the paper made 
for consistently reliable performance from the 
company who made your instrument. He’ll back 
up its reliability. . .he designed it! 


“This message was prepared in the interest of better recording instrument performance by...” 


The Instrument Manufacturers’ Chartmaker 


NASHUA 


CORPORATION 





GUBELMAN CHART DIVISION 


100 East Kinney St.* Newark, N.J. 07105 * (201) 589-5970 
3037 East Maria St. * Compton, Calif. 90220 * (213) 537-4250 


Nitr ostat nitroglycerin) 
‘potency-protected’ 


sublingual nitroglycerin 





tablet 





PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
Detroit, Michigan 48232 





Thanks to a unique manufacturing process, Parke-Davis now 
offers a stabilized sublingual nitroglycerin tablet of more uniform 
potency. Migration of nitroglycerin into packaging materials and 
from one tablet to another is reduced. Your angina patients can count 
on more predictable dosage—something often not possible with 
conventional sublingual tablets. 

NITROSTAT is the “potency-protected” sublingual nitroglycerin 
you should prescribe. Available in 0.3 mg. (1/200 gr.), 0.4 mg. 
(1/150 gr.), and 0.6 mg. (1/100 gr.) sublingual tablets in color- and 
symbol-coded bottles. 


Nitrostat...uniform potency retention 


130 NITROSTAT tablets stored in glass bottles at 37 C. for 
one month; bottles opened two minutes per day, 
five days per week, 


120 


110 


mi 
ee LAs LI tat I i 


@ Assay values for each of 30 tablets assayed 
separately. Tablets stored without filler in bottle. 
60 Range—97 to 110.89% label claim; 
average—104.49% 


~® Assay values for each of 30 tablets assayed 
50 separately. Tablets stored with filler in bottle. 
Range—87.8 to 108.6% label claim; 
average—99.68% 


40 | Assay range—four additional lots stored without 
filler in bottle 
i Assay range—four additional lots stored with 
30 I filler in bottle 
% of 
Label 
Claim 


PA-665 113772R 
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JE HAS IF AN AR 
BUT THE CHEMIST RY 
OF A"POTASSIUM WASTER? 





POTASSIUM DEPLETION: 
Ab UNCERTAIN NOTE IN 
HETREATMENT OF HYPERTENSION 


Bartels! found that 28 of 65 hypertensive patients treated with chlorothiazide developed 
hypokalemia despite, in 12 cases, the concurrent administration of 2 or 3 Gm. of KCl 
daily. In 10 patients, hypokalemia persisted for up to 10 weeks in spite of remedial measures. 





He concluded: “The long-term use of drugs which may cause potassium depletion must be 
carefully considered in these patients who are potential potassium wasters.” 


Hypokalemia is usually associated with a considerable reduction of total body potassium? 
By prescribing ‘Dyazide’, you can protect patients against hypokalemia because ‘Dyazide’ 
contains Dyrenium® (brand of triamterene), the unique potassium-sparing agent which 
acts independently of aldosterone secretion. Thus, ‘Dyrenium’ works from the first dose 
and throughout therapy at constant dosage levels. And the combination in ‘Dyazide’ lowers 
blood pressure as effectively as plain thiazides. 


"C BRING BLOOD PRESSURE DOWN 
TO KEEP POTASSIUM LEVELS UP 


DYAZIDE 


Each capsule contains 50 mg. of Dyrenium”® (brand of Trademark 
triamterene) and 25 mg. of hydrochlorothiazide. 











‘Dyazide’ can occasionally cause hyperkalemia. Accordingly, serum potassium 

and BUN should be checked during therapy, particularly in patients with suspected 
or confirmed renal insufficiency (e.g., elderly or diabetic patients). If hyperkalemia 
develops, ‘Dyazide’ should be withdrawn and a thiazide alone substituted. 


Use ‘Dyazide’ with caution during pregnancy or in women who might bear children; 
its potential benefits should be weighed against possible hazards to the fetus. 


See next page for indications andbrief prescribing information. 


1. Bartels, C.C., et al.: Chlorothiazide—A survey of its effects 
in hypertensive patients, J.A.M.A. 170:1796 (Aug. 8) 1959. 
2. Edmonds, C.J., and Jasani, B.: Total-body potassium in 
hypertensive patients during prolonged diuretic therapy, 
Lancet 2:8 (July 1) 1972. 
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Before prescribing, see complete prescribing 
information in SK&F literature or PDR. 


Indications: Edema associated with congestive 
heart failure, cirrhosis of the liver, the nephrotic 
syndrome; steroid-induced and idiopathic edema; 
edema resistant to other diuretic therapy. Also, 
mild to moderate hypertension. 


Contraindications: Pre-existing elevated serum 
potassium. Hypersensitivity to either component. 
Continued use in progressive renal or hepatic 
dysfunction or developing hyperkalemia. 


Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia 
develops or dietary potassium intake is markedly 
impaired, Enteric-coated potassium salts may 
cause small bowel stenosis with or without 
ulceration. Hyperkalemia ( >5.4 mEq/L) has been 
reported in 4% of patients under 60 years, in 12% 
of patients over 60 years, and in less than 8% of 
patients overall. Rarely, cases have been associated 
with cardiac irregularities. Accordingly, check 
serum potassium during therapy, particularly in 
patients with suspected or confirmed renal in- 
sufficiency (e.g., elderly or diabetics). If hyper- 
kalemia develops, substitute a thiazide alone. If 
spironolactone is used concomitantly with 
‘Dyazide’, check serum potassium frequently — 
both can cause potassium retention and sometimes 
hyperkalemia. Two deaths have been reported in 
patients on such combined therapy (in one, 
recommended dosage was exceeded; in the other, 
serum electrolytes were not properly monitored). 
Observe patients on ‘Dyazide’ regularly for possible 
blood dyscrasias, liver damage or other idiosyn- 
cratic reactions. Blood dyscrasias have been 
reported in patients receiving Dyrenium (triam- 
terene, SK&F). Rarely, leukopenia, thrombocy- 
topenia, agranulocytosis, and aplastic anemia have 
been reported with the thiazides. Watch for signs 
of impending coma in acutely ill cirrhotics. 
Thiazides are reported to cross the placental 
barrier and appear in breast milk. This may 
result in fetal or neonatal hyperbilirubinemia, 
thrombocytopenia, altered carbohydrate metab- 
olism and possibly other adverse reactions that 
have occurred in the adult. When used during 
pregnancy or in women who might bear children, 
. f weigh potential benefits against possible hazards 
to fetus. 





' pi | Precautions: Do periodic serum electrolyte and 
BUN determinations. Do periodic hematologic 


a M 
— ® studies in cirrhotics with splenomegaly. Antihyper- 

tensive effects may be enhanced in postsym- 
pathectomy patients. The following may occur: 
hyperuricemia and gout, reversible nitrogen 
retention, decreasing alkali reserve with possible 
metabolic acidosis, hyperglycemia and glycosuria 
(diabetic insulin requirements may be altered), 
digitalis intoxication (in hypokalemia). Use 


Each capsule contains 50 mg. of Dyrenium” (brand of triamterene) Trademark cautiously in surgical patients. Concomitant use 


and 25 mo. of hydrochlosotineide. with antihypertensive agents may result in an 
additive hypotensive effect. 


Adverse Reactions: Muscle cramps, weakness, 
ee HYPERTENSION dizziness, headache, dry mouth; anaphylaxis; rash, 
urticaria, photosensitivity, purpura, other dermat- 
BRINGS BLOOD PRESSU RE DOWN ological conditions; nausea and vomiting (may 
indicate electrolyte imbalance), diarrhea, constipa- 
KEEPS POTASSIUM LEVELS Up tion, other gastrointestinal disturbances. Rarely, 
necrotizing vasculitis, paresthesias, icterus, 


pancreatitis, and xanthopsia have occurred with 
thiazides alone. 


Supplied: Bottles of 100 capsules. 


SK&F Co. 
Carolina, P.R. 00630 


ee A subsidiary of Smith Kline & French Laboratories 







-EK(;SOL 


the original electrode ` 
cream with many 
imitators...but 

no rivals! 





the one 
with a 
proven 


record Burton, Parsons & Co., Inc. 


AVAILABLE IN 


5 oz. and 32 oz. Manufacturers of Ethical Pharmaceuticals Since 1885 
CONTAINERS 


CENTRAL INDUSTRIAL PARK WASHINGTON, D.C. 20027 
MONTREAL, P.Q. CANADA [O MUNICH, GERMANY 


DIURETIC-INDUCED POTASSIUM LOSS 
MAY“DRAINHER STRENGTH” 





SUPPLEMENT DIURETIC THERAPY WITH... 


ICLYTE on KLYTE 


potassium supplement potassium supplement with chloride 








Manifestations of potassium deficiency may range through a variety of signs 
and symptoms including muscular weakness and fatigue... cardiac alterations 
discernible by characteristic ECG tracings...impaired mental function and diminished 
reflexes...impaired respiration...anorexia and abdominal distention. 


The etiology of hypokalemia is also broad, encompassing a number of clinical 
conditions. But most important of all may be a course of treatment that causes 
excessive loss of body potassium—such as thiazide diuretics and corticosteroids. 


No matter what the etiology, the solution is usually potassium 
supplementation. 


What better way to supplement than with K-LYTE or K-LYTE/CL. Efferves- 
cent K-LyTE tablets supply the usually recommended dose of 50 mEq. potassium daily 
in just two tablets. When chloride is also desirable, K-LYTE/CL provides it in the pre- 
ferred 1:1 ratio to potassium. Both forms are accurate and reliable sources of electro- 
lyte replacement. Administration in “pre-dissolved” form reduces the potential for 
G.I. irritation. Finally, you have a choice of three delicious flavors—a taste of oranges, 
tangy lime or fruit punch—all good enough to drive a patient to drink. 


® Each effervescent tablet in ® Each dose of powder in 
Lui solution supplies 25 mEq. potas- a es solution supplies 25 mEq. 
sium as bicarbonate and citrate potassium chloride 


Each tablet or dose must be completely dissolved before taking. 


* 


Indications: K-Lyte and K-Lyte/Cl! are oral potassium supplements for therapy or prophylaxis of potassium deficiency. 
Particularly useful when thiazide diuretics or corticosteroids cause excessive excretory potassium losses. Contraindica- 
tions: Impaired renal function with oliguria or azotemia; Addison’s disease; hyperkalemia from any cause. Warnings 
and Precautions: Since the amount of potassium deficiency may be difficult to determine accurately, supplements should 
be administered with caution, and dosages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent checks of the clinical status of the patient, ECG, 
and serum potassium level are desirable. In established hypokalemia, attention should also be directed toward other 
potential electrolyte disturbances. Potassium supplements should be given cautiously to digitalized patients. To mini- 
mize the possibility of gastrointestinal irritation associated with the oral ingestion of concentrated potassium salt prepa- 
rations, patients should be carefully directed to dissolve each dose completely in the stated amount of water. K-Lyte/ Cl 
contains approximately 20-25 Calories of sucrose per dose which should be considered for patients with ‘restriction of 
caloric intake. Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may occur with the use of 
potassium salts. Dosage and Administration: Adults: 1 tablet or dose COMIN EEE dissolved, 2 to 4 times daily, depending 
upon the requirements of the patient: K-Lyte: 1 tablet (25 mEq. potassium) in 3 to 4 ounces of cold or ice water; 
-Lyte/Cl: 1 dose (25 mEq. potassium chloride) in 6 ounces of cold or ice water. The normal adult daily requirement 
is approximately 50 mEq. of elemental potassium. NOTE: It is suggested that. these 
products be taken with meals and sipped s ey over a 5-10 minute period. How Supplied: 
K-Lyte: Effervescent tablets—boxes of 30 and 250 forego or lime flavors). K-Lyte/Cl: Mead INSON! 
Powder, cans of 30 measured doses with scoop (fruit-punch flavor). Ę 
©1972 MEAD JOHNSON & COMPANY + EVANSVILLE, INDIANA 47721 U.S.A 191472 LABORATORIES 


A-31 


System 8o. 


The Second Generation Intra-Aortic Balloon Pump. 
It Has The Gas, The Balloon, And The Logic. 


The Datascope System 80. Our system for Intra- 
Aortic Balloon Pumping. It uses CO: to pump the 
intra-aortic balloon. Not Helium. And because the 
intra-aortic balloon connects to a slave balloon in 
a Safety Chamber, the gas system is closed. Not 
open. Which means only a fixed volume of CO: is 
transferred from one balloon to another. 

Our intra-aortic balloon* is unique. The Dual- 
Chamber Intra-Aortic Balloon. It pumps blood 
preferentially towards the heart during balloon 
inflation. Experimental data' show an average 
increase of 66-100% in coronary blood flow over 
and above that obtained with a single-chamber 
balloon. 

Our system also offers you superior pumping 
logic. Complementary Pulse Logic. Something 
like turning a lamp off first instead of on. The 
R-wave triggers deflation of the balloon at the 
onset of systole following that R-wave; inflation 
follows systole and automatically adjusts itself for 
the duration of diastole. Which means our system 
tracks irregular rhythms. 

Our system is also complete. Modular and 





Mobile. With Battery-powered, synchronized** 
monitoring of ECG and aortic pressure. And 
optional battery-pack for pumping without ex- 
ternal power. 

Call us at area code 201-845-7650. Or write to 
Datascope Corporation, 520 Victor Street, Saddle 
Brook, New Jersey 07662. We'll be happy to send 
you reprints of published clinical experience with 
our system, information on clinical evaluation and 
experimental studies now in progress and a Guide- 
book to Intra-Aortic Balloon Pumping which 
describes System 80 in detail. 

Besides Intra-Aortic Balloon Pumping, we might 
also mention that our system will perform in a 
variety of pneumatically powered procedures for 
assisted circulation. That’s logical too. 


* patent pending 

1. Bregman, D., Kripke, D.C., Goetz, R.H.: Effect of Synchronous 
Unidirectional Intra-Aortic Balloon Pumping on Hemodynamics 
and Coronary Blood Flow in Cardiogenic Shock. Trans. Amer. Soc. 
Artif. Int. Organs, Vol. XVI, 1970. 

**U.S. Patent #3,347,452 


Datascope System 80 


Schering Corporation announces 
New 


Direct-Action 






® 


serstaf IV 


Brando Di AZOXIDE INJECTION 


20 ml. ampule 
contains 300 mg 
For emergency reduction 
of blood pressure 
in malignant hypertension 








In hospitalized patients 
when there s pressure 


_ for immediate control... 


Before prescribing see full product information on back page. 





A major point of departure 






A 20ml. 
LV. “push” 


gs DIAZOXIDE 


® 
af Iv 
INJECTION 


20 ml ampule 
contains 300 mg 


in 30 seconds 
for immediate 


reduction 


of dangerously 


high blood 
pressure 
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Reduces diastolic 
pressure quickly — 
often in 1 or 2 
minutes 


HYPERSTAT |. V. Injection combines 

direct-action antihypertensive potency 
and rapid administration for prompt 
and urgent reduction of accelerated 
diastolic pressure. Diastolic pressure 
drops within 5 minutes, often in 1 or 
2 minutes. 

Maximal effects generally follow a 
30-second-or-less I.V. "push" into a 
peripheral vein of a recumbent hos- 
pitalized patient. Slow injection may 
not reduce pressure or may produce 

a brief response. Use of an appro- 
priate diuretic can overcome treat- 
ment failure from increased extra- 
cellular fluid. A second injection is 
given if the first fails to give an 
adequate response in 30 minutes. 
Since repeated administration of 
HYPERSTAT I. V. Injection can 
lead to sodium and water reten- 
tion, administration of an appro- 
priate diuretic may be neces- 
sary for both maximal blood 
pressure reduction in patients 
with sodium and water reten- 
tion and to avoid congestive 
failure. 
Hypertensive emergency in 
malignant hypertension is 
usually promptly controlled. 
Treatment of this hyperten- 
sive emergency with 
HYPERSTAT I. V. Injection 
should be limited to a few 
days and a regimen of oral 
antihypertensive medica- 
tion should be instituted 
as soon as possible. 
HYPERSTAT I. V. 
Injection is ineffective 
against hypertension 
due to pheochromocy- 
toma. Moreover, the 
drug should not be 
used in compensatory 
hypertension associ- 
ated with aortic 
coarction or arterio- 
venous shunt. 



























































after a single 
rapid intravenous in- 
jection of 300 mg., 
it [HYPERSTAT 
|. V.] promptly re- 
duces blood pres- 
sure usually to 
normal levels.’"! 


| 
a 4-9 “30 


Increases 

cardiac output — 
maintains 
coronary, cerebral 
blood flow — 
increased renal 
blood flow after 
initial decrease 


HYPERSTAT I. V. Injection produces a 
prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral 
arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are 
maintained. Renal blood flow is increased 
after an initial decrease. Diazoxide has no 
known direct action on the central nervous 
system. However, as with any potent anti- 
hypertensive, it should be used with care 
in patients with impaired cerebral or car- 
diac circulation, in whom brief reductions 
in blood pressure might be detrimental. 

Patients refractory to other antihyper- 
tensive agents usually remain responsive 
to HYPERSTAT I. V. Injection. 


“The fall in arterial pressure with 
diazoxide is associated with an increase 
in cardiac output...a decrease in total 
peripheral resistance...and maintenance 
of cerebral blood flow...'’? 


References: 1. Gifford, R. W., Jr.: ‘Drugs For 
Arterial Hypertension" in Modell, W. (ed.): Drugs 
of Choice 1972-1973, St. Louis, The C. V. Mosby 
Company, 1972, p. 391. 2. Finnerty, F. A., Jr., 

et al.: Hypertensive Vascular Disease, The Long 
Term Effect of Rapid Repeated Reductions of 
Arterial Pressure with Diazoxide, Am. J. Cardiol., 
19:377., 1967. 


IT. 


Management of 
sodium and 
water retention, 
hypotension and 
hyperglycemia 


Sodium and water retention, hypotension, 
or hyperglycemia may occur with 
HYPERSTAT I. V. Injection therapy. 

Special attention is required for patients 
in whom retention of salt and water may 
present serious problems. In sodium 
retention, possible edema and congestive 
heart failure may be avoided with an 
appropriate diuretic, providing adequate 
renal function exists. The concomitant 
administration of diazoxide with thiazides 
or other commonly used potent diuretics 
may potentiate the hyperglycemic, 
hyperuricemic, and antihypertensive 
effects of diazoxide. 

Infrequent episodes of severe hypoten- 
sion at recommended dosage or occa- 
sional undesirable hypotension from over- 
dosage can usually be controlled with 
sympathomimetic drugs such as nore- 
pinephrine. Failure of blood pressure to 
rise in response to this agent suggests 
that the hypotension may be caused by 
something other than HYPERSTAT I. V. 
Injection. 

Hyperglycemia occurs in the majority 
of patients, but usually requires treatment 
only in patients with diabetes mellitus; 
it will respond to the usual management, 
including insulin. 








4 hrs. 





8 hrs. 


More than 1000 cases, 
over 12 years of 
clinical investigation 
in acute hypertensive 
Situations support 
HYPERSTAT I.V. 
Injection 

usefulness in 
malignant 
hypertension 


Twelve years of clinical experience with 
HYPERSTAT I. V. Injection confirmed its 
preclinical potential: to exert significant 
antihypertensive action through direct 
effect on peripheral arterioles which 
neither impairs cardiac output nor dimin- 
ishes perfusion of kidneys. 

In over 1000 cases, HYPERSTAT I. V. 
Injection proved useful for emergency 
reduction of blood pressure when prompt 
and urgent decrease of diastolic pressure 
was required. 


Sustains relaxation 
of arteriolar muscle 
with no 





(Artistic Representation) 





12 hrs 


General representation of HYPERSTAT I. V. Injection activity up to 12 hours; individual response varies from patient to patient 
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INJECTION 
20 ml ampule 
contains 300 mg 


gs DIAZOXIDE 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 





DESCRIPTION HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. Each ampule (20 ml.) 
contains 300 mg. diazoxide, a nondiuretic benzothiadiazine derivative, in a clear, colorless, aqueous 
solution; the pH is adjusted to approximately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 
1, 2, 4-benzothiadiazine 1, 1-dioxide. 


ACTIONS HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by relaxing smooth 
muscle in the peripheral arterioles. Cardiac output is increased as blood pressure is reduced by diazoxide; 
coronary and cerebral blood flow are maintained. Renal blood flow is increased after an initial decrease. 
Diazoxide has no known direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive to diazoxide. 

Diazoxide is extensively bound to serum protein (>90%). The plasma half-life is 28 + 8.3 hours: however, 
the duration of its antihypertensive effect is variable, generally lasting less than 12 hours. Although an 
antihypertensive response has been obtained with slow infusion or injection, in general, a greater 
antihypertensive effect is obtained with rapid intravenous administration. 


INDICATIONS HYPERSTAT I.V. Injection is indicated for the emergency reduction of blood pressure in 
malignant hypertension in hospitalized patients, when prompt and urgent decrease of diastolic pressure is 
required. Treatment with orally effective antihypertensive agents should be instituted as soon as the 
hypertensive emergency is controlled. 

HYPERSTAT I.V. Injection is ineffective against hypertension due to pheochromocytoma. 


CONTRAINDICATIONS HYPERSTAT I.V. Injection should not be used in the treatment of compensatory 
hypertension, such as that associated with aortic coarctation or arteriovenous shunt. 

The drug should not be used in patients hypersensitive to diazoxide or other thiazides, unless the 
potential benefits outweigh the possible risks. 


WARNINGS Usage in Pregnancy: The safety of HYPERSTAT I.V. Injection in pregnancy has not yet been 
established. 

Information is not available concerning the passage of HYPERSTAT in breast milk. However, it is known 
that diazoxide crosses the placental barrier and appears in cord blood. Like other thiazides, the drug may 
produce fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered carbohydrate metabolism, and 
possibly other adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT I.V. Injection in children has not yet been established. 

Hypotension may occasionally result from the administration of HYPERSTAT I.V. If hypotension severe 
enough to require therapy occurs, it will usually respond to the administration of sympathomimetic 
agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment only in patients with 
diabetes mellitus; it will respond to the usual management, including insulin. Therefore, blood glucose 
levels should be monitored especially in patients with diabetes or in those requiring multiple injections of 
diazoxide. Hyperglycemia and hyperosmolar coma associated with transient cataracts developed in one 
infant receiving repeated daily doses of oral diazoxide. The disturbed carbohydrate metabolism was 
successfully treated with insulin. Cataracts have been observed in a few animals receiving repeated daily 
doses of intravenous or oral diazoxide. 

Since diazoxide causes sodium retention, repeated injections may precipitate edema and congestive heart 
failure. This retention responds characteristically to diuretic agents if adequate renal function exists. It 
should be noted that concurrently administered thiazides may potentiate the antihypertensive, 
hyperglycemic, and hyperuricemic actions of diazoxide (See Drug Interactions). 

Since increased volume of extracellular fluid may be a cause of treatment failure in nonresponsive 
patients, it may be advisable to reduce this increased volume by means of a diuretic agent. 

Although no evidence of excessive anticoagulant effects has been reported, patients, especially those who 
are hypoalbuminemic and receive HYPERSTAT I.V. Injection and coumarin or its derivatives, may require 
reduction in dosage of the anticoagulant (See Drug Interactions). 


PRECAUTIONS HYPERSTAT (diazoxide) I.V. Injection is a potent antihypertensive agent requiring close 
monitoring of the patient's blood pressure at frequent intervals. Its administration may occasionally cause 
hypotension requiring treatment with sympathomimetic drugs. Therefore, adequate facilities to treat such 
untoward reactions should be available when HYPERSTAT I.V. Injection is used. 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. Because the alkalinity of the 
solution is irritating to tissue, extravascular injection or leakage should be avoided; subcutaneous 
administration has produced inflammation and pain without subsequent necrosis. If leakage into 
- subcutaneous tissue occurs, the area should be treated conservatively. 

Maximal antihypertensive effects occur after rapid administration (within 30 seconds) into the vein; a 
slower injection may fail to reduce blood pressure or produce a very brief response. 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used with care in patients 
who have impaired cerebral or cardiac circulation, that is, patients in whom abrupt and brief reductions in 
blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom retention of salt and 
water may present serious problems (See Warnings). Nondiabetic patients may have a transient, reversible, 
and clinically insignificant increase in blood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the blood, patients undergoing 
dialysis may require more than one injection. 


ADVERSE REACTIONS 

Frequent and serious adverse reactions: Sodium and water retention after repeated injections, 
especially important in patients with impaired cardiac reserve; hyperglycemia frequently requiring 
treatment in diabetic patients, especially after repeated injections. 

Infrequent but serious adverse reactions: Hypotension to shock levels; myocardial and/or cerebral 
ischemia, usually transient but possibly leading to thrombosis and manifested by angina, atrial and 
ventricular arrhythmias, and marked electrocardiographic changes; unconsciousness, convulsions, 
paralysis, or confusion; persistent retention of nitrogenous wastes after repeated injections; sensitivity 
reactions, such as rash, leukopenia, and fever. 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vasodilative phenomena, 
such as flushing, generalized or localized sensations of warmth, headache (sometimes throbbing), and 
sweating; &thostatic hypotension, lightheadedness, and weakness of short duration; supraventricular 
tachycardia and palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
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In hospitalized patients 
when there's pressure 
for immediate control 


nitrogenous wastes; nonanginal “tightness in the chest”; warmth or pain along the injected vein; cellu 
without sloughing and/or phlebitis at the site of extravasation; anorexia and alteration of taste; ileus: 
bradycardia; back pain; chest discomfort; dyspnea, choking sensation; apprehension or anxiety, malai 
and blurred vision occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in th 
ears; diarrhea and constipation; increased nocturia; euphoria. 


DRUG INTERACTIONS Since diazoxide is highly bound to serum protein, it may displace other substan 
or drugs which are also bound to protein, such as bilirubin or coumarin and its derivatives. These 
potential interactions must be considered when administering HYPERSTAT (diazoxide) I.V. Injection. Thi 
concomitant administration of diazoxide with thiazides or other commonly used potent diuretics may 
potentiate the hyperglycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


OVERDOSAGE Overdosage of HYPERSTAT (diazoxide) I.V. Injection may cause an undesirable hypotens 
Usually, this can be controlled with sympathomimetic agents, such as norepinephrine; tailure of the bl 
pressure to rise in response to such an agent suggests that the hypotension may have been caused by 
something other than diazoxide. Excessive hyperglycemia resulting from overdosage will respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY In studies involving a number of species, including the ra 
cat, dog, and monkey, diazoxide has been shown to exert significant antihypertensive actions through i 
direct effect on peripheral arterioles, which neither impairs cardiac function nor seriously diminishes 
perfusion of kidneys. In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin levels bya 
mechanism thought to involve both suppression of insulin release and enhanced catecholamine action 

Although the data are not conclusive, reproduction and teratology studies in several species of anim 
indicate that diazoxide, when administered during the critical period of embryo formation, may interfer 
with normal fetal development, possibly through altered glucose metabolism. Parturition was 
occasionally prolonged in animals treated at term. 


DOSAGE AND ADMINISTRATION HYPERSTAT I.V. Injection is administered undiluted and rapidly by 
intravenous injection to ensure maximal effect. It should only be given into a peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasation of the drug int 
subcutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, blood pressure 
decreases within five minutes, often within one to two minutes, to the lowest level achieved. The blood 
pressure increases relatively rapidly in the next ten to 30 minutes, and then more slowly over the followi 
two to 12 hours, nearly reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be limited to a few days | 
regimen of oral antihypertensive medications should be instituted as soon as possible. 

With the patient recumbent, the contents of one 20 ml. ampule containing 300 mg. of HYPERSTAT I.V. 
Injection are administered intravenously in 30 seconds or less. Dilution and administration by infusion 
slow injection may fail to reduce the blood pressure or may produce an exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. This dosage may be 
calculated on the basis of 5 mg./kg. body weight (0.3 mi./kg.) (See Warnings). 

A second administration of HYPERSTAT I.V. Injection may be required for a satisfactory reduction in bl 
pressure, if the first injection fails to give an adequate response within 30 minutes. 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours usually will maini 
the blood pressure below pretreatment levels until a regimen of oral antihypertensive medication becom 
effective. The interval between injections may be adjusted by the duration of the response to each inject 
It is usually unnecessary to continue treatment with HYPERSTAT I.V. Injection for more than four to five d 

Following the use of HYPERSTAT I.V. Injection, the blood pressure should be monitored closely until it t 
stabilized. Thereafter, measurements taken hourly during the balance of the effect will indicate any unu 
response. A further decrease in blood pressure at 30 minutes or more after injection should be investiga 
for causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the patient remain 
recumbent for half an hour after injection. In ambulatory patients, the blood pressure should be measur 
with the patient standing before surveillance is ended. 

Since repeated administration of HYPERSTAT LV. Injection can lead to sodium and water retention, 
administration of a diuretic may be necessary both for maximal blood pressure reduction and to avoid 
congestive failure. 


HOW SUPPLIED HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing diazoxide 300 mg. ii 
clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 


Store away from heat. DECEMBER 19 
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Now you can monitor the cardia 
anywhere. Just as if he were still in a hos 
CCU. Vida," the portable pocket-size arrhythmic 
warning system, makes it possible. 

You can set Vida to the VPC, tachycardia and 
bradycardia limits critical to your patient. Should 
any of these be reached or surpassed, Vida 





him instantly. Then, via the telephone, 
nsmits the ECG for immediate recording 
| Vida are available now. 
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6841 DUBLIN WEVD.,DUBLIN, CALIF.94566 


LEV 


















If your. 
hypertensive 
patients 


can handle their 
psychic tension, 


they dont need 
Valium 


diazepam) 


















But what about the hypertensive 

» . patients whose tension/anxiety isn’t under 

A\ control? The kind of patients you decide must 
_» be kept calm? Valium” (diazepam) can be 

important adjunctive therapy for 

tea” these patients whose management 

—" > 1S is significantly complicated by 
“ineriving: excessive tension and anxiety. 






Most patients experience significant relief of psychic tension 
symptoms after the first few days of Valium therapy; some patients 
may need more time for a clear-cut response. Valium is used with 
certain medications of other classes of drugs such as cardiac glycosides, 
diuretics, vasodilators, anticholinergics and antacids. 


Valium tablets are usually well tolerated, and generally do not 
affect respiration, pulse or heart rate. The most frequent side effects 
reported have been drowsiness, fatigue and ataxia. Patients should be 
cautioned against engaging in hazardous occupations 
or driving. 


For certain hypertensive patients ' 
who can’t handle their psychic tension, — 
Valium can be an important addition to the Vali wm 


therapeutic regimen. diazepam) 
2-mg, 5-mg, 10-mg tablets 





adjunct for the overly tense 
hypertensive patient 
who must be kept calm , 


Please turn page for a summary of product information. 


Valtum 
diazepam) 
2-mg, 5-mg, 10-mg tablets 


adjunct for the overly tense 
hypertensive patient 
who must be kept calm 


Prompt action — Significant 
reduction of anxiety in the overly 
tense patient is often seen in the 
first few days of therapy, although 
some patients may need more 
time for a clear-cut response. 

High efficacy — Valium® 
(diazepam)can help relieve tension- 
produced symptoms in patients 
overreacting to situational stresses 
and in patients with psychoneuroses. 

Generally well tolerated — 

The most commonly reported side 
effects are fatigue, drowsiness 
and ataxia. 

Flexible dosage — Available in 
three convenient tablet strengths— 
2 mg, 5 mg and 10 mg— Valium 
permits you to tailor your 
prescriptions for maximum 
effectiveness. 
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Before prescribing, please consult complete product 
information, a summary of which follows: 


Indications: Tension and anxiety states; somatic com- 
plaints which are concomitants of emotional factors; psycho- 
neurotic states manifested by tension, anxiety, apprehension, 
fatigue, depressive symptoms or agitation; symptomatic relief 
of acute agitation, tremor, delirium tremens and hallucinosis 
due to acute alcohol withdrawal; adjunctively in skeletal 
muscle spasm due to reflex spasm to local pathology, spas- 
ticity caused by upper motor neuron disorders, athetosis, 
stiff-man syndrome, convulsive disorders (not for sole therapy). 


Contraindicated: Known hypersensitivity to the drug. 
Children under 6 months of age. Acute narrow angle glau- 
coma; may be used in patients with open angle glaucoma who 
are receiving appropriate therapy. 


Warnings: Not of value in psychotic patients. Caution 
against hazardous occupations requiring complete mental 
alertness. When used adjunctively in convulsive disorders, 
possibility of increase in frequency and/or severity of grand 
mal seizures may require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal may be associated 
with temporary increase in frequency and/or severity of 
seizures. Advise against simultaneous ingestion of alcohol 
and other CNS depressants. Withdrawal symptoms (similar 
to those with barbiturates and alcohol) have occurred follow- 
ing abrupt discontinuance (convulsions, tremor, abdominal 
and muscle cramps, vomiting and sweating). Keep addiction- 
prone individuals under careful surveillance because of their 
predisposition to habituation and dependence. In pregnancy, 
lactation or women of childbearing age, weigh potential 
benefit against possible hazard. 


Precautions: If combined with other psychotropics or 
anticonvulsants, consider carefully pharmacology of agents 
employed; drugs such as phenothiazines, narcotics, barbitu- 
rates, MAO inhibitors and other antidepressants may potenti- 
ate its action. Usual precautions indicated in patients severely 
depressed, or with latent depression, or with suicidal tenden- 
cies. Observe usual precautions in impaired renal or hepatic 
function. Limit dosage to smallest effective amount in elderly 
and debilitated to preclude ataxia or oversedation. 


Side Effects: Drowsiness, confusion, diplopia, hypo- 
tension, changes in libido, nausea, fatigue, depression, 
dysarthria, jaundice, skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should these 
occur, discontinue drug. Isolated reports of neutropenia, 
jaundice; periodic blood counts and liver function tests ad- 
visable during long-term therapy. 


Dosage: Individualize for maximum beneficial effect. 
Adults: Tension, anxiety and psychoneurotic states, 2 to 
10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in first 
24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunctively in 
skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg b.i.d. to q.i.d. Geriatric 
or debilitated patients: 2 to 2⁄2 mg, | or 2 times daily initially, 
increasing as needed and tolerated. (See Precautions.) 
Children: 1 to 2% mg t.i.d. or q.i.d. initially, increasing as 
needed and tolerated (not for use under 6 months). 


Supplied: Valium® (diazepam) Tablets, 2 mg, 5 mg and 
10 mg; bottles of 100 and 500. All strengths also available in 
Tel-E-Dose® packages of 1000. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


STABLE ANGINA OR PRE-INFARCTION ANGINA? 


DIFFERENTIAL DIAGNOSIS OF STABLE 
ANGINA PECTORIS AND PRE-INFARCTION ANGINA 


STABLE ANGINA PECTORIS |PARAMETERS| PRE-INFARCTION ANGINA 


over sternum, over sternum, 
often spread- often spread- 
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i i bli | 
Sublingual or sublingual } a nitrates 
nitroglycerin _ may give 

RELIEF incomplete or 
FROM AN only ag 
ANGINAL 


oS 


S-T segment depression, 


ATTACK 


transient S-T segment 


depression (flat or ELECTRO- way Usually Jong lasting; 
disappearing With CARDIOGRAM ga appear and persist; 
relief of pain occasionally the ECG 


may be normal. 


WHEN THE DIAGNOSIS 
IS STABLE ANGINA 
PECTORIS"... 


e terminate or reduce the 
severity and frequency of 
acute angina pectoris 
attacks 

e provide prophylaxis 
against anginal attacks 
often caused by 
unavoidable everyday 
stress 


ISORDIL 
SUBLINGUAL 


(ISOSORBIDE DINITRATE) 


SUBLINGUAL TABLETS: 2.5 mg. and 5 mg. 


*\ndications: Based on a review of this drug 
by the National Academy of Sciences—Na- 
tional Research Council and/or other infor- 
mation, FDA has classified the indication as 
follows: 

“Probably” effective: When taken by the 
sublingual route, Isordil Sublingual is indi- 
cated for the treatment of acute anginal 
attacks and for prophylaxis in situations 
likely to provoke such attacks. 

Final classification of the less-than-effective 
indications requires further investigation. 














Contraindication: |diosyncrasy to this drug. 


Warnings: Data supporting the use of nitrites 
during the early days of the acute phase of 
myocardial infarction (the period during which 
clinical and laboratory findings are unstable) 
are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- 
tolerance to other nitrites and nitrates may 
occur. 


Adverse Reactions: Cutaneous vasodilation with 
flushing. Headache is common and may be 
severe and persistent. Transient episodes of 
dizziness and weakness as well as other signs 
of cerebral ischemia associated with postural 
hypotension may occasionally develop. This 
drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual 
exhibits marked sensitivity to the hypotensive 
effects of nitrite, and severe responses (nau- 
sea, vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur even with 
the usual therapeutic dose. Alcohol may en- 
hance this effect. Drug rash and/or exfoliative 
dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information 
and/or professional samples? 


IVES LABORATORIES INC. (es) 


New York, N. Y. 1001 ® 


DEDICATED TO IMPROVING THE QUALITY OF 
LIFE, THROUGH MEDICINE = 
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LIFEPAK 3 freezes 





Physio-Control’s new LIFEPAK 3 
is the first and only portable DC 
defibrillator/cardioscope to offer a 
non-fade display for quicker, easier 
reading in emergency situations. It 
has a larger scope than most other 
portables. It’s the only defibrillator 
with push-button charge control 
right on the paddles. Best of all, 
LIFEPAK 3 has all of the outstand- 
ing qualities of its cousin, LIFE- 
PAK 2. LIFEPAK 2 is the smallest, 
lightest, most rugged and versatile 
instrument of its kind available 
today. It performs more coronary 
diagnostic and treatment functions 
than any portable defibrillator made. 
It has Physio-Control’s exclusive 
Quik-Look® feature . . . instantane- 
ous ECG readings by means of de- 
fibrillator paddles that function as 


the bouncing ball! 





The best way to find out which 
of the LIFEPAK cousins is best 
suited to your specific application is 
to talk it over with the world’s lead- 
ing manufacturer of defibrillators: 
Physio-Control Corporation, 2607 
Second Avenue, Seattle, Wash. 
98121. Phone (206) 624-4824. Telex 
32-0166. Cable: Physio-Sea. 





C=Physio-Control 


Quik-Look is a registered trademark of the Physio-Control 
Corporation. Quik-Look feature patented under U.S. Patent 
No. 3,547,108. 





monitoring electrodes. Other fea- “H 


tures include: built-in synchronizer, 
optional FM modulator for transmit- 
ting ECG signals by telephone, and 
mobile charge-pak. 


KOIT 






LIFEPAK 2 
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Clinically, the most experienced 
system for tempor ary 
cardia > +) assistance 


For counterpulsation treatment o QRS synchronization — the unique 
support in cardiogenic shock, myo- Ogic system provides precise syn- 
cardial infarction and other low . | chronization with normal and abnor- 
output situations . . . including with- TE “Mal rhythms. Preset balloon inflation 
drawal after heart-lung machine ~~ a EE by the patients ons 
phy hate the Avco system Is quickly - complex. Timing is maintained by pre- 
and easily instituted at bedside. 3 diction of the R-R interval. 
For many practical, performance- _— 

related reasons, the Avco System — 
has become the most widely used | 
intra-aortic balloon pump in clini- ~ 
cal applications. Ee 




















w- 


Plus fail-safe venting, self-initiated 
~ trouble identification and, if needed 
-_,.., independent operation with a self- 
“a contained battery Popri: 


Non-occlusive balloon — ex- 
clusive, patented three-cham- 
ber design. Prevents end-oc- 
clusion, thus eliminating blood 
trapping and excessive stress 
on the aortic wall. A physiolog- 
ically optimal pumping action. 
The advanced antithrombo- 
genic co-polymer material 


Automatic reset 
— the Avco Sys- 
tem contains 
many features for 
ease of operation, 
such as automatic 
reset for changes 
in interval or drop of an R wave. Com- 
plete automation with minimum ad- 





developed for balloon con- 4 | justments means full, convenient, con- 
struction permits use in non- 4 tinuous control while observing the 
heparinized patients. The A patient and his condition. 

VCO 


Intra-Aortic 
Balloon Pump 


Behind the Avco System stand seven years of clinically oriented 
development and the Roche nationwide service organization. 
For literature and reports on clinical experience, write to us now. 


“Developed by Avco Corporation and manufactured for Roche Medical Electronics 
Division. 





Medical Electronics Division, Hoffmann-La Roche Inc., Cranbury, N.J. 08512 






The population at risk 


Although such modern techniques as 
isotopic lung scanning, the radioactive 
fibrinogen uptake test, and the Doppler 
ultrasound flow detector show promise 
of permitting early detection of 
thrombus formation, it is generally 
agreed that these methods are not 
completely accurate as diagnostic 
tools, nor are they practical for large- 
scale patient screening. As a result, 
most physicians rely on the presence 
of known predisposing factors as a 
means of identifying patients who are 
especially prone to venous thrombosis 
and pulmonary emboli. 


The high risk groups 


As one authority has noted, these high 
risk ’...groups include severely injured 
patients, particularly those over age 50 
who have fractures of the pelvis, hip, or 
lower extremities; those undergoing 
elective cup arthroplasty or pelvic 
surgery; those immobilized or com- 
pletely bedridden; those with a pre- 
vious history of venous thrombosis or 
pulmonary embolism; those with 
severe obesity or congestive heart fail- 
ure, or any combination of the above 
categories.’ 


Myocardial infarction: 
a special high risk category 


Patients with acute myocardial infarction 
comprise another high risk group, espe- 
cially if they have “...large transmural 
infarctions, previous infarction or angina, 
severe hypotension or shock, congestive 
heart failure, chronic atrial fibrillation, or 
past history of venous thrombosis or 
embolism”? 
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Therapy to lessen the risk » 


In patients with conditions known to predispose 
them to thrombosis and potentially fatal pulmonary 
embolism — the high risk groups — the use of anti- 
coagulant therapy can be of significant benefit. As 
one investigator recently remarked: “If [the physi- 
cian] believes that the risk of embolism is high he 
should use the only proved form of prevention, 
anticoagulation.” 


With special regard to pulmonary embolism, it has 
been noted that “...a pulmonary infarct proves the 
existence of intravenous thrombosis and should 
be considered as a warning of possible further 
‘emboli. It is generally accepted that diagnosis of 
pulmonary infarction justifies the immediate appli- 
cation of anticoagulant therapy. Heparin is usually 
used initially, then oral anticoagulants (most com- 
monly warfarin). The length of such therapy is 
often arbitrary, averaging four to six weeks, but 
depends on the extent and chronicity of the 
venous disease, whenever these can be deter- 
mined.’* 


Myocardial infarction: 
a special case 
for longer term therapy 


Following acute myocardial infarction patients are 
especially prone to such thromboembolic compli- 
cations as mural and venous thrombosis and pul- 
monary and systemic emboli. The increased risk is 
due to reduced cardiac output, reduced arterial 
perfusion of the limbs, hypercoagulability (in the 
presence of cardiac ischemia), and venous pool- 
ing in the lower limbs — all of which may induce 
venous stasis leading to potentially fatal thrombus 
formation and embolization. 


Because of the great risk of thromboembolic 
complications after myocardial infarction, anti- 
coagulant therapy is widely recommended. As 
noted in a recent study, “...an excellent case can 
be made for the use of anticoagulants for the 
prevention of thromboembolic complications [fol- 
lowing acute myocardial infarction].”° 


Please refer to brief summary of prescribing information on last page of this advertisement. 


With regard to duration of therapy, although there 
is no consensus, it is generally agreed that anti- 
coagulants should be given for as long as observ- 
able benefits persist. In a study of 735 myocardial 
infarction patients treated with COUMADIN or 
another coumarin derivative: “Results indicate that 
anticoagulant therapy reduces the death rate sig- 
nificantly during the first three years after an acute 
myocardial infarction. However, survival rates con- 
verge after the third year, and by the fifth year 
there is no difference in survival of treated and 
untreated groups. Therapy appeared to be more 
effective in patients who had experienced more 
than one infarction. The incidence of recurrent 
infarction and congestive heart failure was less in 
the group treated with anticoagulants. 


Another investigator expressed his opinion on the 
duration of therapy by remarking that “...male 
patients on anticoagulants during the acute phase 
of myocardial infarction can logically be kept on 
them for 2 or 3 years when feasible. Such treat- 
ment can be recommended especially to men 
under age 55 and to men who have had a 
previous history of angina pectoris, myocardial 
infarction, or both, since they are the ones most 
likely to benefit.’ 


References: 

1. Report of Inter-Society Commission for Heart Disease 
Resources, Sub-Committee on Thromboembolism, Wes- 
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4. Selzer, A.: Medical World News: Cardiovascular Review, 
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COUMADIN (crystalline sodium warfarin) BRIEF SUMMARY 


EFFECTIVENESS: Coumadin® (crystalline sodium warfarin) is indi- 
cated for the prophylaxis and treatment of venous thrombosis and its 
extension, the treatment of atrial fibrillation with embolization, the 
prophylaxis and treatment of pulmonary embolism, and as an 
adjunct in the treatment of coronary occlusion. 
CONTRAINDICATIONS: Hemorrhagic blood dyscrasias. Recent 
or contemplated surgery of: (1) central nervous system; (2) eye; (3) 
traumatic surgery resulting in large open surfaces. Bleeding ten- 
dencies associated with active ulceration or overt bleeding of: 
(1) gastrointestinal, genitourinary or respiratory tracts; (2) cerebro- 
vascular hemorrhage; (3) aneurysms—cerebral, dissecting aorta; (4) 
pericardial effusions; (5) subacute bacterial endocarditis. Threat- 
ened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities, or lack of patient cooperation. Miscellaneous: 
polyarthritis, vitamin C deficiency, major regional block anesthesia. 


WARNINGS: Administration of anticoagulants in the following con- 
ditions will be based upon clinical judgment in which the risk of 
hemorrhage due to anticoagulants is weighed against the risk of 
thrombosis or embolization in untreated cases. The following may be 
associated with increased risk of hemorrhage: Pregnancy — oral 
anticoagulants pass through the placental barrier, and the danger of 
hemorrhage to the fetus exists even to the point of fatal hemorrhage 
in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are 
essential. Lactation— coumarins may pass into the milk of mothers 
and cause a prothrombinopenic state in the nursing infant. 
Prolonged dietary deficiency (cachexia, vitamin K). Severe to 
moderate hepatic or renal insufficiency. Infectious diseases or 
disturbances of intestinal flora— sprue, antibiotic therapy. Severe 
trauma of head, bones or muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed raw surfaces. Indwelling 
catheters. Spinal puncture. Severe to moderate hypertension. 
Miscellaneous: polycythemia vera, vasculitis, severe diabetes, 
menometrorrhagia, allergic and anaphylactic disorders. 

Abrupt cessation of anticoagulant therapy is not generally recom- 
mended; taper dose gradually over three to four weeks. 
PRECAUTIONS: Periodic determination of prothrombin time is 
essential. 

Numerous factors, alone or in combination, including travel, 
changes in diet, environment, physical state and medication 
may influence response of the patient to anticoagulants. It is 
generally good practice to monitor the patient’s response with 
additional prothrombin time determinations whenever other 
medications are initiated, discontinued or taken haphazardly. 
The following factors are listed for your reference; however, 
other factors may also affect the prothrombin response. 

The following factors, alone or in combination, may be 
responsible for increased prothrombin time response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; conges- 
tive heart failure; diarrhea; elevated temperature; hepatic disorders 
—infectious hepatitis, jaundice; poor nutritional state; vitamin K 
deficiency — steatorrhea. 

EXOGENOUS FACTORS: Alcoholft; allopurinal: anabolic steroids; 
antibiotics; bromelains; chloral hydratet; chlorpropamide; chymo- 
trypsin; cinchophen; clofibrate; Coumadin® (crystalline sodium war- 
farin) overdosage; dextran; dextrothyroxine; diazoxide; dietary 
deficiencies; diureticst; disulfiram; drugs affecting blood elements; 
ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhala- 
tion anesthetics; mefenamic acid; methylphenidate; monoamine 
oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbu- 
tazone; phenyramidol; prolonged hot weather; prolonged narcotics; 
quinidine; quinine; salicylates (in excess of 1 Gm./day); sulfin- 
pyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; 
triclofos sodium; unreliable prothrombin time determinations. 
tincreased and decreased prothrombin time responses have been reported. 


The following factors, alone or in combination, may be 
responsible for decreased prothrombin time response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary 
resistance to coumarin therapy; hyperlipemia; hypothyroidism. 

EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; ant- 
acids; antihistamines; barbiturates; chloral hydratet; chlordiazepox- 
ide; cholestyramine; Coumadin® (crystalline sodium warfarin) 
underdosage; diet high in vitamin K (vegetables, fish, fish oil, 
onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; halo- 
peridol; meprobamate; oral contraceptives; paraldehyde; primidone; 
rifampin; unreliable prothrombin time determinations: vitamin C. 
tincreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors. 
some of which may increase and some decrease his sensitivity to 
Coumadin. Because the net effect on his prothrombin time response 
may be unpredictable under these circumstances, more frequent 
la i al monitoring is advisable. 
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ADVERSE REACTIONS: Potential side effects of Coumadin® (crys- 
talline sodium warfarin) include: 1. Minor or major hemorrhage from 
any tissue or organ—which is an extension of the physiologic activity 
of prothrombinopenia. Bleeding during anticoagulant therapy does 
not always correlate with prothrombin activity. (See TREATMENT 
FOR OVERDOSAGE.) Bleeding which occurs when the prothrombin 
time is within the therapeutic range warrants diagnostic investigation 
since it may unmask a previously unsuspected lesion, e.g. tumor, 
ulcer etc. 2. Side effects other than hemorrhage are infrequent and 
consist of alopecia, urticaria, dermatitis, fever, nausea, diarrhea, 
hypersensitivity reactions and an extremely rare reaction consisting 
of hemorrhagic infarction and necrosis of the skin. 

TREATMENT FOR OVERDOSAGE: Excessive prothrombinopenia, 
with or without bleeding, is readily controlled by discontinuing 
Coumadin® (crystalline sodium warfarin), and if necessary, the oral 
or parenteral administration of vitamin Ki. The appearance of micro- 
scopic hematuria, melena, petechiae or oozing from nicks made 
while shaving are early manifestations of hypoprothrombinemia 
beyond a safe and satisfactory level. 

In excessive prothrombinopenia with mild or no bleeding, omis- 
sion of one or more doses of Coumadin® (crystalline sodium war- 
farin) may suffice; and if necessary, small doses of vitamin Kı 
(Mephyton®”*) orally, 2.5 mg., will usually correct the problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin 
Ki (AquaMephyton®*) in doses of 10 to 25 mg. may be given paren: 
terally. (Please note recommendations accompanying vitamin K 
preparations prior to use.) Fresh whole blood transfusions should be 
considered in cases of severe bleeding or prothrombinopenic states 
unresponsive to vitamin Ki. 

Resumption of Coumadin® (crystalline sodium warfarin) adminis- 
tration reverses the effect of vitamin Ki, and a therapeutic hypo- 
prothrombinemia level is readily obtained. 

*Trademark, Merck Sharp & Dohme. 


For complete prescribing information, including dosage and labo- 
ratory control, see package circular. 
SUPPLIED: Tablets: Coumadin® (crystalline sodium warfarin) for 
oral use, single scored, imprinted numerically with potency as 
follows: 2 mg. lavender, 2⁄2 mg. orange, 5 mg. peach, 7⁄2 mg. yellow, 
10 mg. white, 25 mg. red. In bottles of 100 and 1000. Also available in 
Hospital Unit-Dose blister package of 100. Injection: Available as 
single injection units of amorphous sodium warfarin lyophilized for 
intravenous or intramuscular use in a box of 6 units, 50 mg.: Unit con- 
sists of 1 vial, 50 mg.; sodium chloride, 10 mg.; thimerosal, 0.2 mg. 
accompanied by a 2 ml. ampul Sterile Water for Injection. 75 mg.: 
Unit consists of 1 vial, 75 mg.; sodium chloride, 15 mg.; thimerosal, 
0.3 mg. accompanied by a3 ml. ampul Sterile Water for Injection. 

Sterile Water for Injection contains no antimicrobial or other sub- 
stance, and it is not suitable for intravascular injection without first 
having been made approximately isotonic by the addition of a suit- 
able solute. Use only for reconstitution of the lyophilized product. 
Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 
25,866). Registered trademark of Wisconsin Alumni Research Foundation. 
Physician and Patient Aids Available on Request—record charts 
for you, dosage calendars and instruction folders, including iden- 
tification cards, for your patients. For a free supply of any or all of 
these aids, ask your Endo representative or write to Director of Pro- 
fessional Services. 
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Endo Laboratories, Inc. PI 


Subsidiary of E. I. du Pont de Nemours & Co. (Inc.) 
Garden City, New York 11530 


HP LEADERSHIP...IN PRACTICE 


Right now, an 
HP Monitor is going into 
its fifth continuous day 
of testat 104 F 
and 95% humidity. 


And in an HP engineering conference 
room, six engineers are discussing in 
detail a three-month clinical product 
evaluation report sent in by a hospital. 
On the production floor, 19 elements 
of a computer-aided ECG interpretive 
system are being hooked up as they will 
be in the hospital, in readiness fora 
complete system test. Five-hundred 
miles away, HP engineers are meeting 
with an independent standards group, 
seeking practical approaches to even 
tighter controls of instrument quality 
and performance assurance. Ina lab 
with “Materials Engineering” on the 
door, new light-emitting diodes are 
being tested for use as digital readouts 
in anew blood pressure monitor. 
These are typical of the many things 
we do to insure safe, reliable, clinically 
effective products. And to coordinate 
all efforts, a special engineering group of 
31 concentrate on five key areas: design 
soundness, component and material 
choice, quality and reliability assurance 
testing, environmental testing, and com- 
pliance with clinical safety standards. 
HP safety is in numbers . . . and in the 
quality and reliability of HP people as 
well. Hewlett-Packard, Waltham, Mass. 
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When cardiac 
complaints occur 


inthe absence $ 
of organic findings, 
underlying & 
anxiety may be 
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The influence of anxiety on heart function 


Excessive anxiety is one of a combina- 
tion of factors that may trigger a series of 
maladaptive functional reactions which can 
generate further anxiety. Often involved in 
this vicious circle are some cardiac arrhyth- 
mias, paroxysmal supraventricular tachycar- 
dia and premature systoles. When these 
symptoms resemble those associated with 
actual organic disease, the overanxious 
patient needs reassurance that they have no 





Before prescribing, please consult complete product information, 
a summary of which follows: 

Indications: Relief of anxiety and tension occurring alone or accom- 
panying various disease states. 

Contraindications: Patients with known hypersensitivity to the drug. 

Warnings: Caution patients about possible combined effects with alco- 
hol and other CNS depressants. As with all CNS-acting drugs, caution patients 
against hazardous occupations requiring complete mental alertness (e.g., oper- 
ating machinery, driving). Though physical and psychological dependence 
have rarely been reported on recommended doses, use caution in administer- 
ing to addiction-prone individuals or those who might increase dosage; with- 
drawal symptoms (including convulsions), following discontinuation of the 
drug and similar to those seen with barbiturates, have been reported. Use of 
any drug in pregnancy, lactation, or in women of childbearing age requires 
that its potential benefits be weighed against its possible hazards. 

Precautions: In the elderly and debilitated, and in children over six, 
limit to smallest effective dosage (initially 10 mg or less per day) to preclude 
ataxia or oversedation, increasing gradually as needed and tolerated. Not rec- 
ommended in children under six. Though generally not recommended, if 
combination therapy with other psychotropics seems indicated, carefully 
consider individual pharmacologic effects, particularly in use of potentiating 
drugs such as MAO inhibitors and phenothiazines. Observe usual precautions 
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organic basis and that reduction of exces- 
sive anxiety and emotional overreaction 
would be medically beneficial. 


The benefits of antianxiety therapy 
Antianxiety medication, when used to 
complement counseling and reassurance, 
should be both effective and comparatively 
free from undesirable side effects. More than 
13 years of extensive clinical experience has 
demonstrated that Librium (chlordiazepox- 
ide HCl) fulfills these requirements with a 
high degree of consistency. Because of its 
wide margin of safety, Librium may generally 


be administered for extended periods, at the For relief of 
physician’s discretion, without diminution excessive anxiety 
of effect or need for increase in dosage. (See adjunctive 


summary of prescribing information.) If 


G e 
cardiovascular drugs are necessary, Librium Librium’ 1O mg 


is used concomitantly whenever anxiety is a . . 
clinically significant factor. (See Pre- (chlordiazepoxide HCl) 


cautions.) Librium should be discontinued lor2 capsules t.i.d./q.i.d. 
when anxiety has been reduced to appropri- C ROCHE» Roche Laboratories o o no 
ate levels. Nutley, N.J. 07110 


in presence of impaired renal or hepatic function. Paradoxical reactions 
(e.g., excitement, stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ usual precautions 
in treatment of anxiety states with evidence of impending depression; suicidal 
tendencies may be present and protective measures necessary. Variable effects 
on blood coagulation have been reported very rarely in patients receiving the 
drug and oral anticoagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may occur, espe- 
cially in the elderly and debilitated. These are reversible in most instances by 
proper dosage adjustment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been reported. Also encountered 
are isolated instances of skin eruptions, edema, minor menstrual irregularities, 
nausea and constipation, extrapyramidal symptoms, increased and decreased 
libido—all infrequent and generally controlled with dosage reduction; changes 
in EEG patterns (low-voltage fast activity) may appear during and after treat- 
ment; blood dyscrasias (including agranulocytosis), jaundice and hepatic dys- 
function have been reported occasionally, making periodic blood counts and 
liver function tests advisable during protracted therapy. 

Supplied: Librium® Capsules containing 5 mg, 10 mg or 25 mg chlor- 
diazepoxide HCI. Libritabs® Tablets containing 5 mg, 10 mg or 25 mg 
chlordiazepoxide. 
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Rheumatic fever prevention. 

Here’s true convenience for patients who 
must receive prophylactic penicillin indef- 
initely. A prolonged-action penicillin— 
benzathine penicillin G. Recommended as 
the method of choice* to prevent strepto- 
coccal infection and possible recurrence of 
rheumatic fever. A single monthly injection 
(1,200,000 units) offers continuous prophy- 
laxis in most patients. 


Action against strep. 

In therapy of mild to moderate group A strep- 
tococcal pharyngitis (without bacteremia), 
prolonged action again commends this 
penicillin, named by authorities a method of 
choice* Just one injection (600,000 to 
900,000 units in children and 1,200,000 units 
in adults) usually maintains serum concen- 
trations for the ten days considered 
necessary to eradicate the streptococci and 
preclude the initial onset of rheumatic fevers 


*Rheumatic Fever Committee of the Council on Rheumatic 
Fever and Congenital Heart Disease of the American Heart 
Association. 


Indications: In treatment of infections due to penicillin G-sensitive 
microorganisms susceptible to the low and very prolonged serum levels 
common to this dosage form. Therapy should be guided by bacterio- 
logical studies (including sensitivity tests) and clinical response.. 
he following infections usually respond to adequate dosage of IM 
benzathine penicillin G. 
Streptococcal infections (Group A—without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta. 
Medical Conditions in which 
Benzathine Penicillin G Therapy 
is indicated as Prophylaxis: 
Rheumatic fever and/or chorea — 
Prophylaxis with benzathine penicillin 
G has proven effective in preventing 
recurrence of these conditions. 
It hasalso been used as followup 
propere therapy for rheumatic 
eart disease and acute glomerulonephritis. 







prophylaxis ` 
gives freedom from 


FOR DEEP INTRAMUSCULAR INJECTION ONLY. — os 
Contraindications: Previous hypersensitivity reaction to any penicillin. 


Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported. Anaphylaxis is more frequent 
following parenteral therapy but has occurred with oral penicillins. 
These reactions are more apt to occur in individuals with history of 
sensitivity to multiple allergens. Severe hypersensitivity reactions with 
cephalosporins have been well documented in patients with history of 
penicillin hypersensitivity. Before penicillin therapy, carefully inquire 
into previous hypersensitivity to penicillins, cephalosporins and other 
allergens. If allergic reaction occurs, discontinue drug and treat with 
usual agents, e.g., pressor amines, antihistamines and corticosteroids. 


Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use or injection into or near 
major peripheral nerves or blood vessels, since such injection may 
produce neurovascular damage. 

tin streptococcal infections, therapy must be sufficient to eliminate 
the organism, otherwise the sequelae of streptococcal disease may 
occur. Take cultures following completion of treatment to determine 
whether streptococci have been eradicated. 

Monor use of antibiotics may promote overgrowth of non- 
susceptible organisms including fungi. Take appropriate measures if 
superinfection occurs. 


Adverse Reactions: Hypersensitivity reactions reported are skin 
eruptions (maculopapular to exfoliative dermatitis), urticaria and other 
serum sickness reactions, laryngeal edema and anaphylaxis. Fever and 
eosinophilia may frequently be only reaction observed. Hemolytic 
anemia, leucopenia, thrombocytopenia, ited sb and nephropathy 
are infrequent and usually associated with high parenteral doses. 

As wi other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 


Composition: (units benzathine penicillin G as active ingredient): 
300,000 units per cc. —10-cc. multi-dose vial. Each cc. also contains 
sodium citrate buffer, approximately 6 mg. lecithin, 3 mg polyvinyl- 
pyrrolidone, 1 mg. carboxymethylcellulose, 0.5 mg. sorbitan mono- 
palmitate, 0.5 mg. 4 peck appli sorbitan monopalmitate, 0.14 mg. 
propylparaben and 1.2 mg. methylparaben. 

600,000 units in 1-cc. TUBEX® (sterile cartridge-needle unit) Wyeth, 
packages of 10. 

1,200,000 units in 2-cc. TUBEX, packages of 10, and in 2-cc. single- 
dose disposable syringe. 

2,400,000 units in 4-cc. single-dose disposable syringe. 

Each TUBEX or disposable syringe also contains sodium citrate buffer 
and, as w/v, approximately 0.5% lecithin, 0.4% carboxymethylcellulose, 
0.4% polyvinylpyrrolidone, 0.01% propylparaben and 0.09% 
methylparaben. 


Injection 


® 
BICILLIN -caom 


Y> ~ (sterile benzathine 
AA penicillin G suspension) 





daily dosage. 
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For up to two hours of 
protection, your angina patient - 
needs more than sublingual 
nitroglycerin. 

And Chewable Sorbitrate 
provides more. 


| |} Acts almost as fast as 
nitroglycerin...lasts about 
4 times as long. 


0 5 10 30 1 hr. 2 hr. 





NITROGLYCERIN SUBLINGUAL 
approximate onset of action... 
2 minutes 

approximate duration of action... 
20 to 30 minutes 


[| More stable in air than 
Sublingual nitroglycerin: 
it can be stored or carried with 
no significant loss of potency. 


C] And when indicated: Sorbitrate® 
(isosorbide dinitrate) 
Sublingual 5 mg. and 2.5 mg. 


SUMMARY OF PRESCRIBING INFORMATION 


Mode of action: The mechanism of action of SORBITRATE (isosor- 
bide dinitrate) is unknown, although the basic pharmacologic action 
is to relax smooth muscle. Iso ator de dinitrate reduces in number 
and severity the ) incidence of angina pectoris attacks, with con- 
omitan reduc tion in nitr oglycerin intake 
indications Sublings ual and Chewable: For the prevention and treat- 
ment of angina pectoris 
Oral: For the relief of angina pectoris. It is not intended to abor rt 
ne acute anginal Sp ispee SORBITRATE WITH PHENOBARBITA 
s indicated for patients in whom the angina pectoris is accompanied 


by anxiety or its rela ited symptoms. 
Contraindications: A histor y of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during 
of the acute phase of myocardial infarction are insuff 
lish safety Phenobart tal may be habit forming. 

Precautions: Should be ee with caution in patients who have 
glaucoma. Tolerance and cross tolerance to other nitrates may occur. 


+ 


Adverse Reactions: Headache which may be severe and persistent 
Lowering the dose and using Pi Deas will help control the head- 
aches which u sually diminish or disappear as therapy is continued 

Adverse reactions seen occasional y: Cutaneous vasodi lation with 
flushing; tr ansient dizziness and weakness as well as other signs of 
cerebral ischemia associated with postural hypotension; individual 
marked sensitivity to the hypotensive effects of nitrates wherein se- 
vere responses can occur even with the usual therapeutic dose (alco- 
hol may enhance this PanenU drug rash and/or exfoliative dermatitis 


This drug can act as a physiological antagonist to norepinephrine 
acetylcho oline, his stamine and other agents 
Dosage and Administration: Route: Sublingual, oral and chewable 
tablets. 
Indi vidual Dose: To minimize hypotensive responses, which may 
occasional be severe with chewable doses as low as 5 mg., the 
sm al est effective dose should be employed. Chewable tablets are 
enehi given in doses of 5 mg. Sublingually or orally, 5 to 10 mg. 
ly used although doses of up to 30 mg. have 


is tne range commor 
frequently been employed. 

Dosage Schedule: Smallest effective dose necessary for the pre- 
vention and treatment of pain of an anginal attack Sublingual 
SORBITRATE may be taken p.r.n. or at 4 to 6 hour intervals: Oral 
SORBITRATE may be taken 3 to 4 times daily. CHEV NABLE 
SORBITRATE y ay be taker for prompt rel ef of angi nal pa r 3 or 4 
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Clinical data were analyzed in a group of 79 patients with aortic ste- 
nosis or combined aortic stenosis and insufficiency by the usual 
methods and by discriminant function analysis. It was possible to 
predict the level of aortic-left ventricular gradient (above or below 50 
mm Hg) from signs and symptoms in approximately 83 percent of 
patients. The analyses performed yielded insight into the significance 
of the various commonly presenting symptoms in these lesions. For 
example, the slope of the carotid upstroke, calcium in the valve, T 
wave inversion and a large thrusting left ventricular impulse all indi- 
cated a high peak gradient, whereas syncope did not contribute to 
the separation of values. Heart failure made an insignificant contri- 
bution to prediction of the level of gradient. 


In a recent case, a question arose as to the severity of aortic valve 


disease and the need for surgery. There were several unusual features. 


The patient was a 43 year old white man who approximately 6 years 
earlier had had aortic valve surgery, primarily involving a calcium 
debridement type of procedure with an attempt to correct the stenosis. 
He did well for approximately 4 years, after which severe classic angi- 
na pectoris developed. He gradually became almost totally incapaci- 
tated because of pain in the chest on exertion and occasionally at rest. 
He had had no syncope or symptoms of heart failure before or after 
surgical correction of the aortic valve abnormality. Physical examina- 
tion was essentially noncontributory except for the typical harsh pan- 
systolic aortic murmur and a thrusting left ventricular impulse. The 
upstroke of the carotid arterial pulse was not retarded, but was con- 
sidered to be either normal or “brisk” to palpation. Two questions 
arose clinically: (1) Was this patient incapacitated because of primary 
coronary artery disease with very mild obstruction of the aortic valve 
or (2) did he have severe aortic valve stenosis causing angina pectoris 
as a result of decreased coronary arterial blood flow (high aortic-left 
ventricular gradient)? Although our clinical impression was the 
former, we decided that, because of the patient’s age and incapacita- 
tion, cardiac catheterization was indicated to determine the level of 
the gradient across the aortic valve. If this were only slightly elevated 
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we planned next to obtain coronary angiograms to de- 
lineate the problem clearly. To our surprise, the peak 
aortic-ventricular gradient was high—120 mm Hg. A 
homograft valve replacement was therefore per- 
formed; the patient did well and had no further symp- 
toms of angina pectoris. 

This experience, together with others, led us to 
ask, “How does the physician clinically estimate the 
severity of aortic valve stenosis?” Oddly enough, 
there is very little in the literature of a definitive na- 
ture relating to this problem. Most textbooks merely 
describe the classic symptoms or physical findings in 
diagnosing aortic stenosis or aortic stenosis and aor- 
tic insufficiency. Although the clinical diagnosis of 
aortic valve disease is easily made, the crucial prob- 
lem for the physician is to estimate the degree of ste- 
nosis so that he can determine whether operative in- 
tervention is required. In some medical centers all 
patients with aortic stenosis are subjected to cathe- 
terization, and therefore clinical assessment of the 
degree of severity is unnecessary. In other centers a 
more conservative attitude prevails, and catheteriza- 
tion is carried out only in those cases in which there 
is some clinical uncertainty about the severity of the 
lesion. Thus, often the decision to subject the patient 
to a surgical procedure is based upon clinical judg- 
‘ment only. The increasing cost of cardiac catheter- 
ization as well as the manpower shortage and the 
risk to the patient, although slight, add emphasis to 
the importance of clinical evaluation of the patient. 
Much time and money could be saved if accurate 
clinical evaluation could be made at the bedside in a 
high percentage of patients. 

This report therefore takes a critical look at some 
of the common symptoms and signs of aortic valve 
disease, including those lesions of isolated or pure 
aortic stenosis and combined aortic stenosis and aor- 
tic insufficiency. An attempt is made to ascertain 
the significance of the clinical findings, particularly 
in relation to the severity of aortic valve disease as 
measured by the aortic-ventricular gradient, and to 
acquire some insight as to how one arrives at the 
clinical decision. We appreciate that the severity of 
aortic valve disease may be more accurately reflected 
by the area of the aortic valve than by peak gradi- 
ent. Nevertheless, since peak gradient is used in 
many centers as a criterion for surgical operation, 
we consider here only this variable. Other studies are 
underway to explore the relation of clinical estima- 
tion of severity of disease to aortic valve area. Final- 
ly, we consider here the criteria for subjecting a pa- 
tient to operation. Our study offers some preliminary 
answers to the questions raised and presents some 
suggested approaches for future investigation. 


Patient Selection 


A large number of cases of aortic valve disease have 
been accumulated over the last 6 years in both the Veter- 
ans Administration and University Hospitals in Birming- 
ham. Of this group there were 79 in which left heart cath- 
eterization, measurement of the aortic-ventricular peak 


TABLE | 
Signs and Symptoms Used in Study 


Age 

Height 

Weight 

Sex 

Systolic blood pressure 

Diastolic blood pressure 

Calcium in valve 

Angina (classical) 

Dizziness on exertion 

Syncope (exertional) 

Congestive heart failure 

Left ventricular hypertrophy (ECG) 

S-T depression (ECG) 

T wave inversion (ECG) (Blackburn code) 
2/3 Slope of the carotid pulse upstroke 
Left ventricular thrust duration 

Left ventricular thrust ratio 


gradient and recordings of kinetocardiograms and carotid 
arterial pulse tracings had been made. This group includ- 
ed patients with isolated aortic stenosis as well as patients 
with combined aortic stenosis and aortic insufficiency; pa- 
tients with mitral valve disease and isolated aortic insuffi- 
ciency were excluded. The two former types of aortic 
valve disease were grouped into one category since pure 
aortic stenosis is relatively uncommon without some coex- 
isting aortic insufficiency, and since presence of the latter 
does not affect the surgical decision to replace the aortic 
valve. 

All clinical records were scrutinized carefully twice by 
two different competent observers to ensure accurate ta- 
bulation of clinical data. Only a few symptoms were stud- 
ied (Table I) in order to keep the statistical analysis as 
valid as possible in light of the sample size (79 patients). 
Certain signs or symptoms were omitted, such as heart 
size, aortic root dilatation, systolic thrill and diminished 
second heart sound. Some were omitted deliberately since 
they are not as objective as those included in Table I. For 
example, evaluation of the second sound and thrill in the 
aortic area is totally dependent on the skill of the physi- 
cian. Heart size to some extent is determined subjective- 
ly, and the cardiothoracic ratio is a poor estimator of en- 
largement. Fortunately, since these patients had under- 
gone cardiac catheterization with use of an image intensi- 
fier, determination of the presence of calcium in the aortic 
valve could be considered accurate. The presence of angi- 
na was included only when the symptoms were those de- 
scribed classically, not merely vague indeterminate chest 
pain. The symptoms of syncope were divided into syncope 
on exertion or dizziness on exertion. Heart failure was 
considered present when the patient had documented 
shortness of breath, orthopnea and paroxysmal nocturnal 
dyspnea. Although edema was present in some patients it 
was used to validate the diagnosis further. Left ventricu- 
lar hypertrophy is characterized primarily by an increase 
in QRS voltage according to the classification of the 
Blackburn code.! The Blackburn code was also used for 
the S-T segment and classification of the T waves in the 
electrocardiogram (4 categories—Table II). 

Since palpation of the carotid arterial pulse to deter- 
mine the rapidity of the rise in upstroke has been consid- 
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ered a critical physical finding in aortic valve disease, the 
carotid arterial pulses were quantitatively analyzed by ac- 
tually calculating the slope of the first two thirds of the 
upstroke in millimeters of mercury per second, as pre- 
viously described.2 The left ventricular thrust was ana- 
lyzed in two ways from the kinetocardiographic record: (1) 
The duration of the maximal left ventricular thrust was 
determined by drawing a base line beginning at a point 
0.04 second after the beginning of the QRS complex and 
measuring the duration of the intersect, and (2) an esti- 
mation of the amplitude of the left ventricular thrust was 
calculated by dividing the total amplitude of the kineto- 
cardiographic curve into the amplitude of the thrust 
above the base line, as previously described.* 


Results 


Table II presents the raw data from all 79 pa- 
tients. In 34 patients the percent of the aortic regur- 
gitant flow of the forward stroke volume was deter- 
mined by the method of Sandler et al.* It can be ar- 
gued that the presence of aortic insufficiency in some 
patients may alter the results. However, since the 
degree of aortic insufficiency varied considerably re- 
gardless of gradient (Table III), insufficiency of the 
aortic valve probably did not affect the data in our 
study. 


Statistical Analysis 


For the purposes of this study, the patients were 
classified into 4 separate categories using the aortic- 
left ventricular peak gradient as the criterion: (1) 
Those patients who had a peak gradient above or 
below 80 mm Hg; (2) those with a peak gradient 
above or below 70 mm Hg; (3) those with a peak gra- 
dient above or below 60 mm Hg; and (4) those with 
a peak gradient above or below 50 mm Hg. Fifty mm 
Hg was the low cut-off point because this gradient 
has been generally accepted as a critical point in de- 
termining the need for cardiovascular surgery. For 
example, Friedberg’s textbook states,® “In general, 
surgical treatment of aortic stenosis appears indicat- 
ed when aortic stenosis is severe, i.e., when there is a 
high gradient between the left ventricle and aorta 
(over 50 mm Hg), and there are clinical manifesta- 
tions which are directly or indirectly due to the ste- 
nosis.” 


Separate Analysis of Each Symptom 


Initially, it was decided simply to compare the 
mean values or percentage values that fell into the 4 
categories listed (Table IV). This has been the usual 
approach used in clinical studies, and the following 
analysis will demonstrate the limitations of the 
method. 

The values in Table IV were also analyzed for sta- 
tistical differences between the means (Student t 
test); P values are included as footnotes at the end of 
the table. Such variables as the presence or absence 
of a given symptom were not statistically analyzed. 
Between most of the variables, there was no signifi- 
cant difference. Abnormalities that did appear from 
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the Student t test to have clinical significance were 
the carotid slope and the amplitude of the left ven- 
tricular thrust divided by the total amplitude of the 
kinetocardiographic record. The presence or absence 
of T wave inversion alone was not significant; how- 
ever, as will be pointed out later when using the 
Blackburn code, this becomes important. Thus it is 
obvious from the table that, when the symptoms and 
signs are considered singly, only a slow aortic pulse 
and exaggeration in amplitude of the left ventricular 
thrust contributed significantly to the prediction of a 
high aortic gradient. 

These data suggest that there are some differences 
in the symptoms and signs between patients with a 
low and a high aortic-ventricular gradient. In gener- 
al, these differences are minimal, and it is difficult to 
visualize how any of these variables contribute sig- 
nificantly to the clinical evaluation of the severity of 
aortic stenosis as measured by the peak gradient 
alone. Thus, it becomes obvious that any single vari- 
able alone is of little clinical value (possibly exclud- 
ing calcium in the valve, a slow upstroke of the ca- 
rotid pulse and a large left ventricular impulse). 
Therefore the problem must be approached differ- 
ently. This can be done by using an analysis similar 
to the methods a physician uses at the bedside. 


Further Statistical Analysis of Data 


The assumption is: The skilled physician can de- 
termine the severity of aortic valve disease at the 
bedside. The question is: How does he do it? Pre- 
sumably, the symptoms and physical findings are 
not considered singly, but are taken together, thus 
allowing for synthesis of a decision. One approach is 
as follows: Each symptom or physical finding is 
noted, and unconsciously a “weight” or a weighting 
factor is given that symptom or sign. This in turn is 
added to the next, and so on. This process can thus 
be expressed mathematically: 


Diagnosis or Decision = Weight; X Signi + 
Weights X Signe, etc. (1) 


The statistician would express the same logic as follows: 
Z = Bo + B1X1 + Boxe + Bsxz, etc. (2) 


In this equation Z is the score indicating the decision, 
Bo is a constant, 81, 82, and so on, are the weights for each 
of the variables (symptoms), x; and x2, etc. This logic 
assumes a linear relation; that is, each of the variables 
(symptoms or signs) is weighted and added to the next.* 
Other approaches are possible, but this one is most gener- 
ally used. There are several statistical ways to solve for 
the weighting factors (80, 82, etc.). They generally fall 
under the heading of discriminant function or multiple re- 
gression analysis. Many computer programs are readily 
available. The type described here is based upon the max- 
imal improvement of r?. The analysis is not stepwise, but 
each time considers all possible combinations of variables. 


*A few nonlinear analyses were performed on the data, but the 
results were less significant than those of the linear approach pre- 
sented. 
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TABLE Ill 
Aortic Regurgitation: Percentage of Stroke Volume in 


Relation to Peak Gradient (34 Patients) 
Above Below 


Patients 
Range (%) no. % Range (%) 


80 mm Hg 11 36 14-55 23 32 0-64 
70 mm Hg 16 35 7-64 18 30 0-60 
60 mm Hg 18 32 0-64 16 34 0-60 
50 mm Hg 23 43 0-64 11 35 0-60 


Patients 








Gradient Dividing 
Point no. % 


The data for analysis and selection of the weighting fac- 
tors (31, G2, etc.) were divided into the same groups, as 
previously discussed, that is, values falling above and 
below peak aortic-ventricular gradients of 80, 70, .60 and 
50 mm Hg. Thus, 2 groups of patients comprised each 
study. The program solves for the weights (8 values) 
which maximize the difference between the groups—those 
with a peak gradient above and below the listed dividing 
points. 


TABLE IV 


When the 8 values are used along with the variables, a 
numerical solution can be obtained by using formula 2. 
The actual age or other quantity is multiplied by the 8 
value, and those variables that are present or absent are 
entered into the equation as 1 or 2 (1 for absent and 2 for 
present), as listed in Table II, and multiplied by their 8 
values. The sum of these calculations results in a number 
(Z score), which should be high for the group with a high 
gradient and low for the group with a low gradient. If per- 
fect results were achieved, there would be no overlap be- 
tween the Z score for each group (one group 1 and the 
other group 2). 

The first trial was made using all variables as listed in 
Table I. The particular computer program also listed 
other information such as the statistical signficance of the 
variables and standardized 6 values. The latter are partic- 
ularly useful since these are standardized weight values 
from which some insight can be gained as to the relative 
contribution of a symptom or sign in separation between 
gradients. 

On each determination for the various gradient dividing 
points, the best model was chosen, and the Z score values 
obtained for each patient were plotted (histogram) as il- 
lustrated in Figure 1. The Z score is shown along the ab- 
scissa and the number of patients on the ordinate. The 
hatched blocks represent those patients with a gradient 


Mean Values and Percent of Patients According to Peak Gradient 
a conse a A a ee ae Ra Oe AE AE STA ROR CaS E Se P E A L | Sa en Py E 
Gradient Dividing Point 


80 mm Hg 70 mm Hg 60 mm Hg 50 mm Hg 
Above Below Above Below Above Below Above Below Mean 
EE Re ae ELA AE SS E LOE Note L aa Ga VAOD eM cee Be SA CRRA TE eR A Va tl A Ni sae? LD RI Lee el ee Dea Sa Mh Re EES 
Mean age (yr) 47.6 44.5 48 42.8 48 42 47 41.9 45.7 
Mean height (inches) 67.6 68.1 67.8 68.0 67.9 67.8 67.9 67.8 67.9 
Mean weight (Ib) 150 148 155 149 158t 144t 144 146 152 
Sex (%) 84M; 85M; 84M; 85M; 83M; 87M; 85M; 83M; 85M; 
16F 15F 16F 15F 17F 13F 15F 17F 15F 
Mean blood pressure 
(mm Hg) 
Systolic 116 120 116 121 116 121 116 123 118 
Diastolic 76 72 73 74 73 74 74 71 73 
Calcium in valve (%) 94 79 96 71 96 68 93 65 
Angina (%) 72 64 76 62 77 58 77 52 
Syncope (%)* 28 32 29 32 29 32 30 30 
Congestive heart failure (%) 38 47 42 44 46 39 45 39 
S-T segment depression (%) 69 77 67 82 69 81 71 78 
ECG T wave inversion (%)+ 87 70 84 68 85 65 80 70 
LVH (%) 66 70 71 65 71 65 71 60 P 
Mean 2/3 carotid slope 273|! 429|! 310% 4394 3114 4494 305! 513!! 336 
(mm Hg/sec) 
Mean LV thrust 
Duration (sec) 0.31 0.23 0.29 0.23 0.29 0.23 0.28 0.24 0.27 
Amplitude ratio 0.63t 0.47} 0.59} 0.47} 0.589 0.47§ 0.57 0.46 0.54 


Sn a E ae aa cage SIRI are he De ee tere ee Wad eM iid Ale Say ae ee E ee 
* Percentages based only upon true syncope on exertion. 
+ Percentages represent only patients with Blackburn code V-2 or marked T wave inversion. 
TP <0.05. 
§ P <0.02. 
Il P <0.001. 
qP <0.01. 
LV = left ventricular; LVH = left ventricular hypertrophy; % = percent of patients. 
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below 50 mm Hg and the black blocks represent those 
with a gradient above 50 mm Hg. Note the overlap. How- 
ever, a line can be drawn to separate the groups any place 
as desired. In Figure 1 the vertical line is arbitrarily 
placed where there is minimal overlap between the 2 
groups. In other words, this plot is where the greatest 
number of values of patients with a low gradient fall to 
the left of the line and the greatest number of values of 
patients with a high gradient fall to the right of the line. 
By this method false positive and false negative results 
are minimized. If no false diagnoses are desired in the 
group with a high gradient, the line could be moved to the 
left. However, this would result in missing a large number 
of patients with a low gradient. If the line is moved to the 
right, then all patients with a low gradient could be recog- 
nized: however, a large number of patients with a high 
gradient would be misclassified. 


Table V presents the results using the best multi- 
ple regression models as described. The number of 
patients in each category is listed as well as the per- 
centage of patients according to the group. It can be 
seen from this table that division at a gradient of 50 
mm Hg resulted in the least incorrect classification. 
Nine patients (16 percent) among those with a gradi- 
ent above 50 mm Hg were incorrectly classified. Four 
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FIGURE 1. The Z score from discriminant function analysis using the data liste 
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patients (18 percent) among those with a gradient 
below 50 mm Hg were incorrectly classified. The di- 
viding point in the Z score is listed to the right. 
Thus, the overall accuracy of classification was ap- 
proximately 84 percent when the separation was 
made at a gradient of 50 mm Hg. The results are 
highly significant as determined by the statistical 
methods of Draper and Smith® (data not shown). 
Table VI presents the coefficient 8 (weights) and 
the standardized 6 value for each variable. Since the 
standardized 8 value indicates the relative contribu- 
tion of the variable to the classification, the variable 
or symptom is to be ranked according to importance. 
When a combination of symptoms was used, the 
slope of the carotid pulse contributed most to the 
separation of the 2 groups (a slow upstroke indicates 
a higher gradient; hence the negative coefficient). At 
a gradient of 50 mm Hg, calcium in the valve was 
next, and so on. On the other hand, left ventricular 
hypertrophy as determined by the electrocardiogram 
was a poor discriminator. The presence of syncope 
actually was not included in the best model and 
therefore tells little about the severity of the valvular 
disease. This is a startling finding in itself. Each 
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d in Table IV. The black bars represent the Z score 


as calculated from the discriminant function analysis for those patients with a pure aortic-left ventricular gradient above 50 mm 
Hg. The hatched bars represent Z scores in those with a gradient below 50 mm Hg. There is overlap between the 2 groups. The 
vertical line drawn approximately in the middle of the figure is arbitrarily placed in order to arrive at a Z score (0.6680) that 
gives maximal separation between the 2 groups. This is the point where there are the least number of false predictions for each 
group. For example, values in 4 patients with a peak gradient above 50 mm Hg fell to the left of the vertical line, and therefore 
these patients would have been predicted to have a low gradient (false negative results). The same principle is true for those 
with a low gradient whose values fell to the right of the dividing line. The dividing line can be moved in either direction in order 
to minimize false results in the group with a high or low gradient, whichever is most desirable. 
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TABLE V 
Results Using Selected Variables 





Dividing 
Correct Incorrect jai 
Gradient no. % no. % Score 
EEEE MSE A ee SN TS Se D ENAS 
80 mm Hg 
Above 24 75 8 25 
Below 5793-5270. S.A ea EE E 
70 mm Hg \ 
Above 35 78 10 22 
Below 6). 76 sere ee 
60 mm Hg 
Above 37 77 11 23 
Below 268A ge el ae. eee 
50 mm Hg \ 
Above 47 84 9 16 
Below 18 82 4 18{ 4s i 





variable can then be interpreted along these lines. 
The striking findings from this table are as follows: 


(1) The best predictor for a ventricular aortic gradient 
above 50 mm Hg was a slow upstroke of the carotid pulse, 
This is exactly what many clinicians have thought, and it 
is interesting that the multiple regression reveals that this 
is the most significant predictor of all. (2). Calcium in the 
valve was the second best predictor. (3). An exaggerated 
left ventricular impulse was the third most significant 
predictor of a high gradient. (4). In the best model, syn- 
cope or dizziness, or both, on exertion had no relation to 
the level of the valve gradient. Heart failure also similarly 
was not included in the best model and therefore was not 
a significant predictor of the ventricular-aortic gradient. 


Results Using Only Certain Selected Clinical Data 


Since several of the variables represented are not 
generally available, for example, the slope of the ca- 
rotid upstroke expressed in millimeters of mercury 


TABLE VII 


Results Using Selected Clinical Variables 
EEE RO EL PE YY IE DES TN REA Ss GN, o AA 


Dividing 
Correct Incorrect Point 
FSSA SENET ma aS AN Re T on Z 
Gradient no. % no. % Score 


80 mm Hg 


Above 25 78 7 22 

Below 4187 6 at re 
70 mm Hg 

Above 95-4. a’ Sag os Se 

Below 7 79 7 sit pt 
60 mm Hg 

Above 41 85 7 15 

Below 26 84 5 a ene 
50 mm Hg 

Above 48 86 8 14 

Below 182 4 H i 


TABLE VI 


Multiple Regression Selected Variables: 
Gradient Divided at 50 mm Hg 








Standard- 
Variable Coefficient (8) ized 8 Value 

2/3 carotid slope —0.0001 —0. 3428 
Calcium in valve 0.3528 0.2788 
LV thrust ratio 0.0005 0.2508 
T wave inversion 0.1049 0.2357 
Angina 0.1831 0.1853 
Sex 0.1929 0.1524 
S-T depression —0. 1431 —0.1449 
LV thrust duration —0.0004 —0. 1329 
LV hypertrophy (ECG) 0.1244 0.1273 
Height —0.0156 —0.1163 


6 value intercept = 0.3241 





LV = left ventricular. 


per second (although the physician crudely evaluates 
the slope by palpation), these were excluded in the 
final analysis. Table VII presents the results. Al- 
though these results are not quite as good as those 
presented previously, they were still significant ac- 
cording to the methods of Draper and Smith® (data 
not presented). The best accuracy in classification 
again was achieved by dividing values at a gradient 
of 50 mm Hg (83 percent correct classification). 

Table VIII presents the 8 values and standardized 
8 values for each of the variables. Although the order 
has changed slightly, T wave inversion and calcium 
in the valve are still at the top of the group. Syncope 
still is absent. 


Clinical Interpretations of the Results 


The questions considered in this study can be re- 
stated as follows: (1) Can one really determine the se- 
verity of aortic valve disease from easily accessible 


TABLE VIII 


Multiple Regression Selected Clinical Variables: 
Gradient Divided at 50 mm Hg 
Sa eB Bia SSS i ERE SE NE ee A ES 


Standard- 
Variable Coefficient (8) ized 8 Value 
A a ESS es PES ALE SRE RIS Be et OS TE, ya 

Systolic blood pressure —0.0102 —0.3674 
Calcium in valve 0.4233 0.3344 
T wave inversion 0.1201 0.2698 
Diastolic blood pressure 0.0089 0.2399 
Age 0.0065 0.1853 
LVH (ECG) 0.1577 0.1614 
S-T depression —0.1487 —0.1505 
Angina 0.1449 0.1467 
Heart failure —0.1170 —0.1275 


8 value intercept = 0.2359 
EA ATE SEOS T a a 
LVH = left ventricular hypertrophy 
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clinical data related only to aortic-ventricular peak 
gradient? (2) If so, what is the accuracy? (3) What 
symptoms and signs contribute most to the decision? 
In other words, how does a physician make the eval- 
uation? 

It does appear that the physician can estimate the 
severity of aortic valve disease at the bedside. This 
has been our observation by following up these pa- 
tients through the surgical procedure as well as by 
documentation at cardiac catheterization. The data 
given here support this conclusion. The accuracy is 
estimated by our study to be about 83 percent, al- 
though this value should not be taken too literally 
since the acumen of the physician is not considered. 
It is possible that an astute physician can do even 
better since other signs (some subtle) are undoubt- 
edly included in the final decision. Other signs not 
included in our study may contribute to the decision. 
Two obvious signs are heart size, as determined by 
routine chest roentgenogram, and a thrill. The accu- 
racy of the physician probably depends upon his par- 
ticular skill and experience; however, the question of 
the true accuracy of a physician at the bedside in es- 
timating severity of aortic valve disease remains to 
be answered by a prospective study. 

Some generalizations can be made on how the 
proper clinical evaluation is achieved and how each 
symptom contributes to the diagnosis. It seems ob- 
vious from our data that a slow upstroke in the ca- 
rotid pulse, calcium in the valve, and exaggerated 
left ventricular impulse and T wave inversion in the 
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electrocardiogram are all important signs of a high 
gradient, especially when all are present. As one 
moves down the list in Tables VI and VIII, the 
standardized 8 value becomes lower, and it becomes 
hazardous to make any assumption except that those 
values toward the bottom of the list make only a 
small contribution to the decision. 

Heart failure and syncope, although adding little 
to the estimation of peak gradient, probably tell the 
physician something entirely different. Obviously, 
heart failure has more bearing on the contractile 
state of the myocardium. It is conceivable that the 
duration of the disease is more important than gra- 
dient. Syncope probably indicates sudden myocar- 
dial failure. This has been previously postulated.” In 
other words, heart failure and exertional syncope in- 
dicate the state of myocardial function and are bet- 
ter related to contractility than to peak gradient.® 

There are many clinical problems to which similar 
analyses can be applied now that computer and 
mathematical techniques are readily available. Clin- 
ical medicine has many “‘rules-of-thumb”’ that have 
never been put to the test, and many false assump- 
tions have crept into our teaching and have been 
handed down as “facts.” The field of new and inno- 
vative assessments of clinical problems is wide open 
and needs to be attacked. 
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Cineaortography, quantitative biplane left ventricular angiocardiogra- 
phy and Fick cardiac output studies were performed in 69 patients 
with aortic regurgitation to evaluate the usefulness of the aortogram 
in quantitating regurgitation. Thirteen patients had coexistent aortic 
stenosis and 12 had coexistent mitral stenosis. Patients with con- 
comitant mitral regurgitation were excluded because their aortic re- 
gurgitant flow cannot be separately quantified with biplane ventricu- 
lography. Twenty-eight other patients without valvular regurgitation 
were also studied to assess further the accuracy of the quantitative 
ventriculography, and the stroke volumes derived from Fick and an- 
giographic methods were found to correlate well (r = 0.97). Aortic 
regurgitation in the 69 patients, graded on a 1 to 5 scale from the 
aortogram, correlated significantly with the percent and volume of 
regurgitation (r = 0.56 and 0.65, P < 0.01, respectively). However, 
there was a wide range in amount of regurgitant flow within the aor- 
tographic grades, especially in grades 4 and 5, and there was con- 
siderable overlap between the grades. The degree of aortic regurgi- 
tation was more commonly overestimated than underestimated from 
the aortogram, but the correlation tended to be better in the patients 
with a large end-diastolic volume and normal ejection fraction and 
without acrtic or mitral stenosis. 


In 1832, Corrigan! wrote, in reference to aortic regurgitation, “The 
danger of the disease is in proportion to the quantity of blood that 
regurgitates.”’ However, it is often difficult to assess the severity of 
aortic regurgitation from clinical, electrocardiographic and chest 
roentgenographic evidence before operation especially if aortic steno- 
sis, mitral valve disease or myocardial disease coexist.2-11 Although 
many techniques have been utilized to assess the degree of aortic 
insufficiency, cineaortography is probably the most commonly used 
method. However, there is little quantitative data to evaluate the 
accuracy of this procedure for assessing the degree of regurgitant 


flow,®-16 and the available reports have conflicting conclusions.4-6,9,11 


A quantitative measure of aortic regurgitant flow can be obtained by 
using left ventricular biplane angiocardiograms and calculation of 
ventricular volume.17-18 In our study the severity of aortic regurgita- 
tion estimated from cineaortograms was compared to the regurgitant 
flow in 69 patients with aortic valvular incompetence who had both 
cineaortographic and quantitative left ventricular biplane angiocar- 
diographic studies. Furthermore, to assess more completely the accu- 
racy of left ventricular stroke volumes determined from the angiocar- 
diograms and to validate the aortic insufficiency data, an additional 
28 patients without regurgitation were studied for comparison of 
stroke volumes determined by Fick and quantitative angiocardiogra- 
phic methods. 
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Patients and Methods 


The records of adults undergoing cardiac catheteriza- 
tion at the University of Alabama Medical Center, the 
University of Washington Hospital and the Birmingham 
and the Seattle Veterans Administration Hospitals were 
reviewed. Sixty-nine adults met the following criteria: (1) 
The presence of aortic regurgitation of any origin con- 
firmed by a cineaortogram. (2) Biplane left ventricular 
angiocardiograms of good quality. All patients had sinus 
rhythm and no arrhythmias during angiography other 
than a single premature beat. The heart rates during ven- 
triculography, aortography and Fick cardiac output deter- 
minations were within 10 beats/min of each other. (3) The 
absence of ventricular septal defect or mitral regurgitation 
since these conditions would have interfered with the 
quantitative assessment of the aortic regurgitation. 

Thirteen patients had concomitant aortic stenosis (gra- 
dient >20 mm Hg), and 12 had concomitant mitral steno- 
sis (gradient >6 mm Hg). All 69 patients underwent 
diagnostic right and left heart catheterization with Fick 
cardiac output determination. Left ventricular angiocardi- 
ography was performed immediately thereafter. Sixty to 
80 ml of 76 percent Renografin® or 75 percent Hypaque® 
was power-injected into the left atrium, left ventricle or 
aorta over a period of 2 to 2.5 seconds. Films were made on 
an Elema biplane roll film changer at 6 or 12 frames/sec. 
Exposures were 0.015 to 0.030 second at 1,000 to 1,200 ma 
and 80 to 95 kv. The timing of each exposure, with the use 
of a marker triggered from the X-ray machine, was re- 
corded together with a simultaneous electrocardiogram on 
a multichannel recorder. 

Left ventricular volume and ejection fraction were cal- 
culated from the biplane films by the area-length meth- 
od.19:20 Forward and regurgitant flow values were calcu- 
lated from the stroke volume and Fick cardiac output 
data.2° Values were expressed per square meter of body sur- 
face area. 

Cineaortography was performed 15 to 30 minutes after 
ventriculography with use of a no. 8 or 9 National Institutes 
of Health or Gensini catheter positioned 2 to 3 cm above 
the aortic valve. The patients were studied in the right 
anterior oblique position (33 cases), anteroposterior posi- 
tion (19 cases), lateral position (9 cases) and left anterior 
oblique position (8 cases). A power injection of 45 to 55 ml 
(depending upon the patient’s size) of 76 percent Reno- 
grafin or 75 percent Hypaque over 1.5 to 2.5 seconds was 
made, and angiography was performed with use of 35 mm 
cine film at 60 frames/sec. 

Each cineaortogram was graded according to the degree 
of aortic regurgitation by at least 2 investigators who had no 
knowledge of the case. The classification used was similar 
to that of Brandt et al.21 as follows: Grade 1: A whiff or 
jet of regurgitant contrast material was seen in the out- 
flow tract of the left ventricle, but the ventricular cavity 
was never outlined, and all the contrast material was 
cleared from the ventricle in each systole. Grade 2: Faint, 
but progressive opacification of the ventricle occurred in 
each diastole. The cavity was never clearly outlined, but 
the contrast material persisted during systole. Grade 3: 
The ventricular cavity was rapidly and clearly outlined. 
The density of the ventricular contrast material was al- 
ways less than that of the aortic contrast material. Grade 
4: The ventricular cavity was rapidly and clearly outlined. 
The density of the left ventricular contrast material 
equaled that of the aortic contrast material after more 
than 3 beats. Grade 5: The ventricular cavity was rapidly 
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and clearly outlined. The density of ventricular contrast 
material equaled that of the aortic contrast material with- 
in 3 beats. The grade of aortic regurgitation as revealed on 
the cineaortogram was then compared statistically with 
the quantitative left ventricular volume data. 

In a separate portion of the study designed to assess the 
accuracy of the quantitative biplane angiocardiograms, 
left ventricular stroke volumes determined from the Fick 
and biplane angiographic techniques were compared in a 
selected series of 28 adult patients. Since this group had 
no shunts, hypertrophic subaortic stenosis, valvular regur- 
gitation or arrhythmia, the values for stroke volume cal- 
culated by angiographic and Fick methods should have 
been similar. 

Results 


I. Patients without regurgitation (assessment of 
accuracy of the quantitative angiocardiographic 
method): Figure 1 shows the relation of the stroke 
volumes derived from the Fick and angiographic 
methods in the 28 patients without valvular regurgi- 
tation. The correlation coefficient was 0.97. The 
standard error of angiographic stroke volume about 
the Fick stroke volume was 5.7 ml, and the root- 
mean-square deviation about the line of identity was 
7.1 ml. 

The volumes were then corrected for body surface 
area. The root-mean-square deviation of these points 
about the line of identity was 5.1 ml/m?. Thus, 
about 95 percent of values for angiographically de- 
rived stroke volume lay within 10.2 ml/m? of the 
values for stroke volume obtained by the Fick meth- 
od. 

Differences in heart rate during Fick determina- 
tions and angiocardiography could introduce error. 
However, heart rates during the studies were rela- 
tively constant, differing by less than 10 beats/min 
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FIGURE 1. Comparison of left ventricular stroke volumes deter- 
mined by Fick and quantitative biplane angiocardiographic 
methods. The continuous line is the regression line and the dot- 
ted line the line of identity. 
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FIGURE 2. The grade of severity of aortic regurgitation as 
judged from the cineaortogram compared to the regurgitant flow 
per stroke for the 69 patients with aortic valve incompetence. 


in 22 patients, by 10 to 15 beats/min in 4 patients 
and by 15 or more beats/min in 2 patients, the max- 
imal difference being 20 beats/min. 

II. Patients with regurgitation (assessment of 
accuracy of aortographic grading). The relation of 
the aortographic grading to the regurgitant stroke 
volume and to the percent of regurgitation is shown 
in Figures 2 and 3, respectively. There was consider- 
able variation in the amount of regurgitation within 
each grade, expressed either in absolute figures or as 
a percent, and even though the regurgitant volume 
tended to increase with higher grades of severity, 
there was a marked overlap between grades. Patients 
who demonstrated only a whiff of contrast material 
in the left ventricle (grade 1) showed up to 22 ml/m2 
per beat or 42 percent regurgitation. Some patients 
in each of the angiographic grades had less than 
20 ml/m? regurgitation, and 5 patients with angio- 
graphic gradings 4 and 5 had less than 30 ml/m2 re- 
gurgitation. Three of the latter patients had a rela- 
tively small heart, as indicated by an end-diastolic 
volume of less than 100 ml/m?. There was a progres- 
sive increase in the greatest amount of regurgitation 
seen in each group. Thus, all patients with grade 1 
had less than 25 ml/m? regurgitation per beat, all 
with grade 2 had less than 50 ml/m2, all with grade 
3 had less than 60 ml/m?, all with grade 4 had less 
than 80 ml/m? and all with grade 5 had less than 
105 ml/m2. 

Table I is a correlation matrix showing the rela- 
tions of end-diastolic volume, ejection fraction, aor- 
tic valve stenosis and mitral stenosis to the correla- 
tion of aortographic grades with regurgitant flow per 
stroke and percent of regurgitation. In general, the 
aortographic grading of severity correlated slightly 
better with the absolute amount of regurgitation 
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FIGURE 3. The aortographic grade of severity compared to the 
percent of regurgitation determined from quantitative biplane 
angiocardiograms. 


than with the percent of regurgitation. The correla- 
tion was significantly better in patients with an end- 
diastolic volume greater than 100 ml/m? than in 
those with an end-diastolic volume less than 100 
ml/m?; however, the regurgitant flow in the latter 
group was less than 25 ml/m? in 23 of the 24 pa- 
tients, and 16 of the 24 patients had grade 2 regurgi- 
tation. The correlation was better in patients with a 
normal ejection fraction than in those with a low 
ejection fraction although this difference was not sig- 
nificant. Thirteen patients with concomitant aortic 
stenosis had generally lesser degrees of regurgitation 
(12 of these patients had grades 2 and 3 of severity; 
regurgitation was from 8 to 62 ml/m2), but exclusion 
of this group did not improve the correlation. Twelve 
patients with concomitant mitral stenosis had lesser 
degrees of correlation between the aortographic 
grade of regurgitation and the degree of regurgitant 
flow. This poor correlation was more marked in com- 
paring the grade with regurgitant stroke volume 
than with percent of regurgitation. 


Discussion 


Comparison of aortography with regurgitant 
flow: The results of our study indicate that there is 
considerable variation in the value for regurgitant 
flow observed within each aortographic grade of se- 
verity of aortic valve incompetence. The wide range of 
regurgitation within the different grades is somewhat 
unexpected since aortography is used frequently to 
assess severity of regurgitation and even in some in- 
stances as a standard reference against which to 
compare other methods to assess aortic regurgita- 
tion.??-23 The regurgitant flow expressed in absolute 
values correlated slightly better with the aortogra- 
phic findings than when expressed as a percentage, 
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TABLE | 


Correlation Coefficients (r) Comparing Aortographic Grade 
of Severity of Regurgitant Flow to Percent of Regurgitation 
and to Regurgitant Flow Per Stroke* 


Aortographic Aortographic 
Grade of Severity Grade of Severity 
no. and and 
of Percent of Regurgitant 


Cases Regurgitation Stroke Volume 


All patients 69 0.56(P <0.001) 0.65 (P <0.001) 
End-diastolic 
volume <100 24 0.17 (P >0.10) 0.03 (P >0.10) 
(ml/m?) >100 45 0.55(P<0.001) 0.66 (P <0.001) 
Ejection >0.55 37 0.61(P<0.001) 0.73 (P <0.001) 


fraction <0.55 732 
Aortic gradient <20 56 
(mm Hg) >20 13 
Mitral gradient <6 57 
(mm Hg) >6 12 


0.52 (P <0.001) 
0.57 (P <0.001) 
0.39 (P >0.10) 
0.57 (P <0.001) 
0.34 (P >0.10) 


0.57 (P <0.001) 
0.67 (P <0.001) 
0.38 (P >0.10) 
0.66 (P <0.001) 
0.04 (P >0.10) 





* Subgroup comparisons reveal the effect of left ventricular 
size, ejection fraction, and coexistent aortic stenosis and mitral 
stenosis. 


but this difference was not significant; in general ei- 
ther value may be used to express regurgitation. How- 
ever, in left ventricular low output states, the per- 
cent of regurgitation may be high with decreased ab- 
solute amounts of regurgitation, although in left ven- 
tricular high output states the converse may be true. 
In those patients with coexistent mitral stenosis, the 
aortographic grade compared most poorly with the 
regurgitant stroke volume and less poorly with the 
percent of regurgitation. 

The illustrations showing the distribution of the 
patient data demonstrate the tendency to overesti- 
mate rather than underestimate the severity of re- 
gurgitation from the aortogram. Thus, in the lower 
grades of severity the degree of regurgitant flow is 
small; but in higher grades of severity there may be 
large or small degrees of regurgitant flow. Five pa- 
tients with aortographic grades 4 to 5 had less than 
30 ml/m? per beat regurgitation. Therefore, a low 
grade of severity of aortic insufficiency on aortogra- 
phy may be considered to reflect more accurately the 
true degree of insufficiency than would the higher 
grades of severity. The reasons for this observation 
are unclear but may involve left ventricular size and 
contractile function. In those patients with an end- 
diastolic volume greater than 100 ml/m?, there was a 
significantly better correlation than in those with a 
normal-sized ventricle. Furthermore, 3 of the 5 pa- 
tients with aortographic grades 4 to 5 and regurgita- 
tion of less than 30 ml/m2 per beat had a normal 
end-diastolic volume. Cobbs?° has stated that aorto- 
graphy often overestimates the amount of regurgita- 
tion in patients with moderate aortic regurgitation 
and a normal-sized heart. This may be due to less 
dilution of the refluxing contrast material. 
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In patients with a normal ejection fraction correla- 
tion with the aortographic grade was better than in 
those with a reduced ejection fraction, although this 
difference was not statistically significant. In pa- 
tients with severe myocardial disease but mild aortic 
regurgitation, the regurgitant contrast material may 
persist in the chamber and lead to overestimation of 
regurgitation. 

The presence of aortic or mitral valve stenosis was 
associated with a lower correlation coefficient be- 
tween the major variables when compared to find- 
ings in the absence of coexistent stenosis. This may 
be due in part to the smaller left ventricle and the 
absence of severe regurgitation in the patients with 
valvular stenosis. 

Comparison with previous published classifica- 
tions: Many classifications of severity of aortic re- 
gurgitation as estimated from the aortogram have 
been reported2-6-9.11.21.24.25 and are compared to our 
classification in Table II. Our system is similar to 
that described by Runco? and has been widely used 
since.4:6-9.11.24.25 However, like the system of 
Brandt et al.,21 our system separates the patients 
whose ventricle was rapidly opacified into those 
whose ventricle achieved the radiographic density of 
the aorta after 3 beats and within 3 beats. The aor- 
tograms were made with the patients in a variety of 
positions, although nearly half were studied in the 
right anterior oblique position. This position is con- 
sidered most appropriate by some,°:?! but others 
prefer the left anterior oblique,*:24-7° lateral,” ante- 
roposterior2> or both oblique positions.1° The left an- 
terior oblique projection has the advantage of “‘open- 
ing up” the aortic arch to visualization but also has 
the possible disadvantage of foreshortening the left 
ventricular long axis. 

Four studies are available in which the aortogra- 
phic findings were compared with some form of 
quantitative evaluation of regurgitant flow,4:6:9-11 
but in only 1 study were both assessments made dur- 
ing cardiac catheterization. Frank et al.* used a 
continuous indicator infusion technique with up- 
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Classifications of the Severity of Aortic Regurgitant Flow as 
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stream sampling and found an excellent correlation 
(r = 0.998) between the aortographic grade and the 
regurgitant fraction in 18 patients. In the other stud- 
ies®-9.11 the aortogram was compared to a quantita- 
tive assessment made later at cardiac surgery. Cohn 
et al.6 reported that aortography provided a good 
means of prediction of the amount of blood refluxing 
across the aortic valve at surgery. Mennel et al.’ 
used an electromagnetic aortic flow probe at opera- 
tion; they found considerable variation in the 
amount of regurgitation in each grade and concluded 
that aortography was only a fair indicator of the 
amount of regurgitation. Linhart!! compared the aor- 
tographic grade of regurgitation with the subsequent 
estimation of regurgitant flow at operation; in 38 pa- 
tients with pure aortic insufficiency the correlation 


was 100 percent, whereas in 38 patients with coexis- 
tent mitral valve disease the correlation was 89 per- 
cent. 

Our results and conclusions are dependent upon 
the accuracy of the ventricular volume and Fick car- 
diac output measurements and limitations of the 
techniques of aortography. In addition to previous 
studies,!9:27-29 the data from the patients without 
regurgitation in our study confirm the relatively 
close correlations between left ventricular stroke vol- 
umes calculated by the Fick and angiographic meth- 
ods. Aortic and mitral regurgitation both contribute 
to regurgitant stroke volume as measured by this 
technique. Thus, this technique cannot be used to 
quantitate aortic regurgitation alone in the presence 
of mitral regurgitation. 
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Thirty-one patients with coronary artery disease, 25 of whom had a 
chronic localized noncontractile area in the anteroapical region of 
the left ventricle, were studied at rest by means of left heart cathe- 
terization, left cineventriculography and selective coronary arteriog- 
raphy. The left ventricular volume, stroke volume, ejection fraction, 
left ventricular end-diastolic pressure, cardiac output and the surface 
area of the noncontractile area were measured. 

The patients with a noncontractile area were classified in 4 groups 
according to the size of the noncontractile area relative to the end- 
diastolic left ventricular surface area. The relative size of the non- 
contractile area ranged from 5 to 47 percent. Six patients with un- 
complicated coronary artery disease comprised the control group. 

The critical size of the noncontractile area beyond which signifi- 
cant functional derangement occurred appeared to be 20 to 30 per- 
cent of the left ventricular internal surface area. The end-diastolic 
volume increased significantly and the ejection fraction was reduced 
to less than half of normal when the regional noncontractile area 
was larger than the critical size. Neither the cardiac output nor the 
left ventricular end-diastolic pressure correlated closely with size of 
the noncontractile area. In contrast, the ejection fraction was a 
more sensitive indicator and correlated well with the extent of re- 
gional contraction abnormality. In this study, double vessel disease 
was most common, followed by single vessel disease. Obstruction of 
the left anterior descending coronary artery was significant in the 
formation of anteroapical noncontractile regions. 


Since Tennant and Wiggers? first suggested the deleterious effects of 
regional contraction abnormality after myocardial infarction, many 
investigators have contributed to the study of this mechanism. Her- 
man et al.2 qualitatively analyzed regional abnormal contraction 
patterns and demonstrated their close relation to malfunction of the 
left ventricle. In 1967, Klein et al.* investigated functional abnor- 
malities of the dyssynergic left ventricle and showed by theoretical 
analysis that normal stroke volume can no longer be maintained 
when inactive muscle comprises about 20 percent of the left ventric- 
ular surface area, unless dilatation of the left ventricular chamber 
occurs. 

More recently, Baxley et al.,4 having quantitatively studied pa- 
tients with chronic heart failure after myocardial infarction, demon- 
strated hemodynamic derangements related to anatomic abnormali- 
ty of the left ventricle. However, a quantitative relation between the 
extent of a noncontractile (dyssynergic) area and the functional de- 
terioration of the left ventricle has not yet been clearly established. 
The present study was undertaken, therefore, to determine the 
quantitative- role of a chronic localized noncontractile area after 
myocardial infarction in the functional abnormality of the left ven- 
tricle. 
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Materials and Methods 


Thirty-one patients, 25 men and 6 women, were select- 
ed for this study from the considerably larger group of pa- 
tients with various degrees of coronary artery disease 
studied in our hospital. Their ages ranged from 33 to 67 
years (average age 49 years). Selection was made on the 
basis of availability of left ventriculograms of good quality 
and the following criteria: The 6 patients comprising the 
control group had coronary artery disease but no focal or 
generalized contraction abnormalities. The contractile 
pattern of the left ventricle was thought to be within nor- 
mal range. The remaining 25 patients had regional non- 
contractile areas of various sizes at the anteroapical por- 
tion of the left ventricle. Since this study was undertaken 
to examine the deleterious effects of the noncontractile 
area of the left ventricle, efforts were made to select pa- 
tients with a well localized lesion and with a good to fair 
contractile state of the remaining basal portion of the left 
ventricle. By tracing the ventricular outlines, transitional 
zones between contracting and noncontracting portions 
were discerned easily in these selected patients. Patients 
with a large protrusion in the outline of the left ventricu- 
lar cavity and patients whose ventricles were greatly di- 
lated with generalized poor contraction were excluded. 
Patients with concomitant significant mitral regurgitation 
evidenced clinically or angiocardiographically were also 


Graphic Integration 
Surface Area of NCA: 


w, TEE Wel re te) +R 


FIGURE 1. A left ventriculogram (top) obtained by 
forward angiocardiography and the method (bot- 
tom) for estimating the internal surface area of the 
noncontractile region of the left ventricle (graphic 
integration method). The noncontractile area can 
be assumed to be an integration of n disc slices, 
each of which has a slant height Wn and a radius 
rn. Then, the surface area of the noncontractile 


n-1 
area = rf? 2D Wie (rk + "k+1) + 27Rh- f?. 
k=l 

Because the curvature of the noncontractile wall is 
not symmetrical and, therefore, each disc is not a 
frustum of the right cone, the average slant height 
measured from the upper and lower curvatures was 
used as shown in this tracing. The surface area of 
the remaining shallow apical area is 27Rh - f? (see 
Fig. 2); f? and f? = square and cubic magnification 
factors. Here, Lep = 17.6 cm; Agp = 173 cm?: f? 
= 0.284; f? = 0.154; Dı = 10.6; Do = 10.0; D3 = 
8.8; D4 = 7.0; Ds = 5.3 cm; R = 5.2 cm; h = 1.0 
cm; average W; = 1.2; Wo = 1.2; W3 = 1.3; W, = 
1.4 cm. Thus, surface area of the noncontractile 
area = 47 cm®, end-diastolic volume = 226 ml, 
left ventricular internal surface area = 180 cm?, 
relative size of the noncontractile area = 26 percent 
(Dn = diameter of the disc n = 2rn, L = long axis, 
A = planimetered area, ED = end-diastolic). This 
method can best be applied to deep noncontractile 
areas located in the anterior to inferior walls includ- 
ing the apex. The small, closed circles are fixed 
markers on the photographing field and are the ref- 
erence points for tracing. 


excluded. Most of the patients were considered to have 
functional class II or III disease (New York Heart Associa- 
tion classification) because of anginal pain or dyspnea on 
exertion; only a few patients with a large noncontractile 
area were clinically thought to have chronic congestive 
heart failure. Digitalis or nitrates, or both, were given to 
those patients with anginal pain or symptoms suggestive 
of heart failure. 

All patients were studied at rest by cardiac catheteriza- 
tion and by cineangiocardiograms taken in the right ante- 
rior oblique projection at 60 frames per second. The left 
ventriculograms were obtained either by forward angio- 
cardiography, with the contrast material injected into the 
right side of the heart and followed to the left side,8 or by 
direct left ventricular injection. Of 25 patients with a non- 
contractile area, 15 showed akinesis and the remaining 10 
showed slight dyskinesis. All but 1 patient also underwent 
selective coronary arteriography after hemodynamic and 
angiocardiographic studies of the left ventricle. 

The severity of narrowing of the coronary arteries was 
Judged by 4 grades: less than 50 percent obstruction, 50 to 
80 percent, 80 to 90 percent and 90 to 100 percent ob- 
struction. In this grading system, less than 50 percent ob- 
struction was judged not significant; 90 to 100 percent ob- 
struction indicated complete or almost complete obstruc- 
tion; and 80 to 90 percent obstruction denoted severe ste- 
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FIGURE 2. Left ventriculogram (top) and another 
method (bottom) for estimating the internal surface 
area of shallow noncontractile regions with an arc- 
shaped margin (central angle method).? A segment 
(AB) of the circle (C) that best fits the curvature of 
the noncontractile wall at end-diastole is drawn. 
Then, the central angle subtended by the chord AB 
is measured. The surface area of the noncontrac- 
tile area = 2xR2 (1 — cos'@)-f? or 2xRh-f?, 
where h = height of the spherical crown, 0 = cen- 
tral angle, R = radius of the circle (C). Here, Lep = 
18.0 cm; 0 = 128°; R = 8.0 cm; h = 4.5 cm; Agp 
= 195 cm?; f? = 0.290; f3 = 0.157. Thus, surface 
area of the noncontractile area = 65 cm?; end-dia- 
stolic volume = 288 ml; left ventricular internal 
surface area = 210 cm?; relative size of the non- 
contractile area = 31 percent. 


nosis. In 50 to 80 percent obstruction, there was a signifi- 
cant narrowing of more than half of the lumen with a good 
runoff. Only the most significant degree of narrowing in 
each coronary artery was scored. Furthermore, among the 
3 main coronary arteries (right, left anterior descending 
and circumflex arteries), narrowing of more than half of 
the proximal lumen was judged significant, and patients 
were classified according to the number of vessels in- 
volved. 

To define a localized noncontractile area, a cineventric- 
ulogram was projected on a Tagarno 35 projector, and 
the outline of the opacified left ventricular chamber at 
end-diastole was drawn first on a thin paper. Within 1 
cycle of ventricular contraction, left ventricular images at 
different phases of the cardiac cycle including end-systole 
were superimposed on the end-diastolic image, with the 
small lead markers kept at exactly the same points on the 
tracing paper. Small lead markers photographed in the 
film were used as fixed reference points in drawing the 
superimposed images. However, a slight movement or dis- 
placement of the long axis was purposely not corrected 
because the dyssynergic heart does not contract symme- 
trically against the axis and, therefore, adjustment of the 
axis on single-plane films may also make the quantifica- 
tion of the regional noncontractile area less accurate. Ven- 
tricular ectopic beats and the following single beat were 
not recorded in the study. 


Central Angle Method 

Surface Areaof NCA 

2JFR?(-Cos1/2'8) f° 
2JRhf? 


The end-diastolic and end-systolic volumes were mea- 
sured by the area-length method applied to single-plane 
cineangiocardiograms with the use of an ellipsoid revolu- 
tion formula. Calculated volumes were simply corrected 
for magnification by multiplying a cubic correction factor 
corresponding to each patient. The stroke volume and 
ejection fraction were then calculated. Cardiac output was 
measured by dye-dilution technique in 24 of the 31 pa- 
tients. The value for stroke volume determined by angio- 
cardiography correlated with that measured by the dye- 
dilution method within a range of approximately 13 per- 
cent variation ([angiographic stroke volume — dye-dilu- 
tion stroke volume/dye-dilution stroke volume] X 100) in 
the majority, but not more than 20 percent in any of the pa- 
tients studied (correlation coefficient = +0.94). 

The left ventricular end-diastolic pressure was mea- 
sured before angiographic studies through the water-filled 
catheter system connected with a Statham P23Db trans- 
ducer. The mean calculated diameter (d) of the left ven- 
tricle (d = W6LVV/x) (where LVV = left ventricular 
volume), percent circumferential shortening ([1 — (end- 
systolic d/end-diastolic d) X 100]) and the internal surface 
area of the entire left ventricle (md?) at end-diastole were 
measured by assuming the left ventricle to be a sphere. 
The surface areas of the localized noncontractile regions 
at the end-diastolic period were also measured using ei- 
ther the central angle method? for shallow noncontractile 
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TABLE | 
Left Ventricular Function in 31 Patients Comprising 5 Groups 








Patients EDV SV CFS Calculated CO (liter/min LVEDP LVISA NCA Relative Size 
Group (no. &sex)  (ml/m?) (ml/m?) EF (%) %CFS in CA per m?) (mm Hg) (cm?) (cm?) of NCA (%) 

1 6 87 52 0.61 26.6 3.45 13 140 0 0 
(3M,3F) +4.2 +1.7 +0.016 +0.8 ah +0.109 +1.3 +7.2 R be 

2 5 92 50 0.54 23.0 27.5 3.41 12 156 11 7 
(5M,0F) +45.1 +3.7 +0.021 +1.22 +1.99 +0.320 +1.3 +3.8 +11.3 +0.8 

3 6 114 51 0.46 18.4 22.8 3.33 18 169 24 14 
(6M,0F) +10.3 +4,9 +0.030 +1.58 +1.70 +0.195 +4,3 +6.8 +1.4 +1,1 

4 7 142 48 0.34 13.0 19.4 2.91 22 198 51 26 
(6M,1F) +9.2 +4.0 +0.023 +1.10 +2.19 +0.325 +4.0 +9.5 +2.6 +0.9 

5 7 160 30 0.19 7.1 12.3 2.25 23 205 76 38 
(5M,2F) +10.0 +3.1 +0.022 +0.83 +1.35 +0.153 +3.7 +11.2 +4.6 +2.4 


CA = contractile area; CFS = circumferential fiber shortening; CO = cardiac output; EDV = end-diastolic volume; EF = ejection frac- 


tion; LVEDP = left ventricular end-diastolic pressure; LVISA = left ventricular internal surface area; NCA = noncontractile area; SV = 


stroke volume. 


areas with an arc-shaped margin or the graphic integra- 
tion method® for noncontractile areas located in the ante- 
rior and inferior walls including the apex. The percent of 
circumferential shortening in the functioning noninfarcted 
area was estimated using a perimetric comparison of the 
end-diastolic circumference with the length of the noncon- 
tractile wall, as described by Hood.? 

Measurements of volume or surface area of the left ven- 
tricle from the tracings obtained by single-plane cinean- 


CO(Liters/min perm?) 
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FIGURE 3. The average cardiac index (CO) measured by dye- 
dilution method was not Significantly different in Groups (G) 1 to 
4 and remained within normal range. A significant reduction 
(average 2.25 liters/min per m?) was observed Only in group 5 
in which the noncontractile area occupied more than 30 percent 
of the left ventricular internal surface area (average 38 per- 
cent). 


giocardiograms increase the error, especially in the ventri- 
cle with an asymmetric wall, compared to measurements 
obtained by biplane cineangiocardiograms. However, it has 
been demonstrated that the value for dyssynergic ventricu- 
lar volume calculated from single-plane films correlated 
well with that measured by thermodilution technique.? 
Availability of the methods for calculating the surface area 
of the dyssynergic wall and the application of a spherical 
model for the assessment of ventricular performance uti- 
lizing single-plane angiocardiograms have also been criti- 
cally evaluated and demonstrated to be useful and conve- 
nient.?-© We believe that results obtained from single- 
plane films by these methods provides clinically useful in- 
formation for the quantitative evaluation of left ventricu- 


LVEDP(mmHg) 





FIGURE 4. Although the average left ventricular end-diastolic 
pressure (LVEDP) tended to be elevated in Groups 3 and 4, a 
significant elevation was seen only in Group 5. 
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FIGURE 7. The average ejection fraction (EF) decreased pro- 
gressively from Groups 1 to 5 with a statistical significance 
shown. The ejection fraction correlated best with the geometric 
abnormality of the left ventricle. 


size of the noncontractile area was significant (r = 
+0.67, P <0.001). 

Left ventricular ejection fraction: There was a 
statistically significant decrease in ejection fraction 
from Groups 1 to 5 (Fig. 7). In differentiating each 
group, ejection fraction was a better indicator than 
cardiac output, left ventricular end-diastolic pressure 
or end-diastolic volume. As shown in Figure 8, the 
ejection fraction correlated well with the relative size 
of the noncontractile area (r = —0.87, P <0.001). 
From this good inverse relation, a regression equa- 
tion was derived: ejection fraction = —1.18 X rela- 
tive size of noncontractile area +0.65. 

Percent circumferential shortening in the con- 
tracting zone: The calculated percent of circumfer- 
ential shortening (normal: 15 to 28 percent) in the 
contracting zone of the left ventricle extrinsic to the 


infarcted area7-8 was 27.5 percent in Group 2, 22.8 © 


percent in Group 3, 19.4 percent in Group 4 and 12.3 
percent in Group 5, compared to the percent of cir- 
cumferential shortening for the whole ventricle of 
23.0, 18.4, 13.0 and 7.1 percent, respectively. The 
calculated percentage of contraction in the function- 
ing muscle also tended to decrease as the size of the 
noncontractile area increased, and in Group 5 this 
value fell to an abnormal level of less than 15 per- 
cent.® 


Discussion 


It is now apparent that the regional contraction 
abnormality of the left ventricle can diminish effec- 
tive ventricular performance.1-4:8:19,11 . Functional 
loss is mainly attributable to the anatomic loss of 
the contractile muscle mass and to the possibly asso- 
ciated ischemic injury of the functioning myocar- 
dium. Because some patients with a large left ven- 
tricular aneurysm do well clinically, it is thought 


that clinical disability is not necessarily closely relat- 
ed to the size of the dyssynergic area.12 This is true 
in some patients because the overall cardiac pump 
performance can be maintained by good functional 
capacity of the remaining myocardium and compen- 
satory mechanisms such as an increase in ventricular 
filling pressure or end-diastolic volume. However, 
among the patients in our study, whose calculated 
percent of circumferential shortening in the func- 
tioning area ranged from 12 to 28 percent, functional 
impairment of the left ventricle was significantly re- 
lated to the geometric abnormality of the left ventri- 
cle. The calculated percent of circumferential short- 
ening in the contractile area was reduced to the ab- 
normal range in patients of Group 5. This finding 
may be attributed to the associated myocardial de- 
pression in the functioning area and may explain the 
fact that some patients in the group clinically ap- 
peared to have congestive heart failure. 

Mourdjinis et al.1% reported that the degree of 
functional abnormality and the related mortality 
rates were significantly high in those patients with a 
“major aneurysm.” Klein et al.3 demonstrated by 
hemodynamic and theoretical analyses that the 
functional abnormalities correlated with the size of 
the inactivated area, and when this area occupies 20 
to 25 percent of the left ventricular wall, cardiac en- 
largement must ensue to maintain stroke volume. 

Size of noncontractile area and hemodynamic 
impairment of the left ventricle: In our study, size 
of the noncontractile area was a major determinant 
in hemodynamic impairment of the left ventricle. 
Functional abnormalities in each group of patients 
were not clearly distinguished by conventional vari- 
ables such as cardiac output or end-diastolic pres- 
sure, unless the hemodynamic derangements became 
critical. Cardiac output was significantly decreased 
only in patients of Group 5, and the end-diastolic 
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FIGURE 8. The ejection fraction (EF) is plotted against the rela- 
tive size of the noncontractile area (NCA). A good correlation 
was observed (r = —0.87, P <0.001) and a regression equa- 
tion was derived: EF = —1.18 X relative size of the noncon- 
tractile area +0.65. 
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pressure was abnormally increased in patients of 
Groups 4 and 5. On the other hand, the ejection 
fraction, which is more closely related to the geomet- 
ric abnormality of the left ventricle, was a more sen- 
sitive indicator in differentiating each group. A sig- 
nificant relation between the ejection fraction and 
the relative size of the noncontractile area is reason- 
able because both values can bé obtained from geo- 
metric measurements only, that is, ejection fraction 
= 1 — (Ld/Ls x [As/Ad]?), where L is the long axis 
and A is the planimetered area at end-diastole (d) 
and end-systole (s). 

If the ejection fraction decreases linearly according 
to the derived regression equation, the ejection frac- 
tion will be formidably reduced when the noncon- 
tractile area comprises more than 60 to 65 percent of 
the left ventricular end-diastolic surface area. A very 
large ventricular volume would be necessary to 
maintain stroke volume in this situation. A low ejec- 
tion fraction disproportionate to the size of the non- 
contractile area may also indicate that generalized 
myocardial damage predominates over regional con- 
traction abnormality. 

As theoretically shown by Klein et al.,? ventricular 
dilatation occurred in our patients who had a local- 
ized noncontractile area but did not have marked 
generalized myocardial damage. In our study, the 
average end-diastolic volume increased significantly 
to 142 ml/m? when the noncontractile area occupied 
26 percent, and to 160 ml/m? when 38 percent of the 
left ventricular surface area was involved. Although 
enlargement of the left ventricle was not significant 
in patients in Groups 2 and 3, a reduced ejection 
fraction was observed. Thus, functional impairment 
can also occur in the absence of significant ventricu- 
lar dilatation. On the other hand, a significant in- 
crease in end-diastolic volume was observed when 
the ejection fraction was reduced to less than half of 
normal as seen in patients in Groups 4 and 5. 

Recently, Hamilton et al.14 studied left ventricular 
function in 66 patients with coronary artery disease. 


LEFT VENTRICULAR NONCONTRACTILE AREA—KITAMURA ET AL. 


They demonstrated that the ejection fraction, stroke 
work and contractile pattern were sensitive and 
interrelated indicators of left ventricular contractile 
dysfunction. A wide spectrum of functional derange- 
ments of the left ventricle was observed in their pa- 
tients. These findings were confirmed in our study 
which consisted only of patients with chronic local- 
ized left ventricular noncontractile areas of various 
sizes. 

The average values of all hemodynamic variables 
used in this study were abnormal in the patients in 
Group 5 and, except for cardiac output, were also 
abnormal in patients in Group 4. Therefore, we con- 
sider that significant impairment of left ventricular 
performance occurred in the human heart when the 
noncontractile area occupied more than 20 to 30 per- 
cent of the left ventricular surface area, thereby sup- 
porting the result of theoretical analysis of the dys- 
synergic heart.’ 

Extent of coronary disease and site of noncon- 
tractile area: A coronary arteriographic study 
demonstrated that 16 (67 percent) of 24 patients 
with a noncontractile area in the anteroapical region 
had double-vessel disease, usually involving the left 
anterior descending and the right coronary arteries. 
Six patients (25 percent) had only single-vessel dis- 
ease, invariably in the left anterior descending coro- 
nary artery. Single-vessel disease, if it occurs in the 
left anterior descending coronary artery, can produce 
a large noncontractile area at the anteroapical por- 
tion of the left ventricle. This finding has been dem- 
onstrated by Baxley and Reeves,!° in whose series 
single-vessel disease was most common in the left 
ventricle with localized contraction abnormality. 
Triple-vessel disease and involvement of the circum- 
flex branch were rare in our study. In Baxley and 
Reeves’ series, triple-vessel disease was also least 
common, probably because patients with triple-ves- 
sel coronary artery disease cannot tolerate dyssynergy 
and are apt to have more generalized myocardial in- 
volvement. 
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From 1967 to 1971, 20 patients with left ventricular aneurysm or 
segmental dyskinesia were treated surgically. There was 1 hospital 
death; 2 other patients died 3 and 5 months, respectively, after oper- 
ation. Cardiac failure (9 cases) and ventricular arrhythmias (9 
cases) were the main indications for operation. Selective coronary 
arteriography was performed in 16 patients, and in all cases demon- 
Strated significant obstruction. In 9 of these patients, aortocoronary 
bypass grafts were performed in addition to myocardial resection. 
The duration of follow-up studies ranged from 6 months to 4 years. 
Resection of the aneurysm gave good results irrespective of the indi- 
cation for surgery. Results were less dramatic in repair of segmental 
dyskinesia. In the 9 latter cases, better results were obtained when 
the indication for surgery was arrhythmia. 


Aneurysm of the left ventricle may result in myocardial failure or 
fatal arrhythmias. Segmental dyskinesia, as demonstrated by left 
ventriculography, is alleged to have similar consequences. Failure of 
medical treatment for both types of complications may be an indica- 
tion for surgical treatment designed to correct both the anatomic 
ventricular lesion and the underlying coronary arterial occlusion. 
This paper assesses results obtained in 20 consecutive patients with 
ventricular aneurysm or segmental dyskinesia treated surgically. 


Material and Methods 


Between December 1967 and July 1971, 20 patients with ventricular an- 
eurysm or segmental dyskinesia secondary to myocardial infarction under- 
went surgery. There were 18 men and 2 women; their ages ranged from 35 
to 70 years. The infarction involved the anteroseptal area in 13 cases, the 
anterolateral wall in 3 and the posterior wall in 4; multiple infarctions had 
occurred in 6 cases. The interval between infarction and operation ranged 
from 13 days to 14 years. Twelve patients underwent operation within 1 
year after infarction. Only 8 of the 20 patients had residual angina pectoris. 

Characteristic clinical, electrocardiographic and chest roentgenographic 
changes indicated true aneurysmal dilatation in 10 cases. In the 4 patients 
with posterior wall aneurysm, left ventriculography was necessary to con- 
firm the diagnosis (Fig. 1). In the 7 patients with segmental dyskinesia, 
clinical examination, electrocardiographic findings and chest roentgeno- 
graphic changes were nonspecific, and only left ventriculograms localized 
the site of systolic expansile pulsation. In this series, surgery was not per- 
formed to repair akinetic or hypokinetic areas of the left ventricular wall. 

Surgery was performed only in the presence of serious complications 
(Table I). Nine patients had had repeated attacks of ventricular tachycar- 
dia or fibrillation, or both, and.5 of these patients had left ventricular fail- 
ure. In 6 patients of this same group, operation was undertaken on an emer- 
gency basis. In 9 other patients, severe left ventricular failure was the sole 
indication for operation. In the remaining 2 patients, severe anginal attacks 
associated with mild left ventricular failure were present. 

In the first 4 cases, preliminary coronary arteriography was not attempt- 
ed. Selective brachial coronary arteriography was performed in the remain- 
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ing 16 cases, irrespective of the clinical condition of the 
patient. The coronary arterial lesions observed are sum- 
marized in Table II. In 5 of these 16 cases, the only major 
anomaly present was the occlusive lesion leading to the 
infarction; in the other 11, the other coronary arteries 
were also occluded. 

Prior cannulation of the femoral vessels was carried out 
in 8 patients whose clinical condition was critical. Resec- 
tion was always performed on a beating heart. Although 
the diseased area was sometimes difficult to delineate on 
the closed heart, no such difficulty was encountered after 
ventriculotomy. Abnormal contractions, changes in the 
thickness and consistency of the ventricular wall, and the 
gross appearance of the endocardium were reliable guides 
for resection. When revascularization was combined with 
resection (9 patients), the proximal anastomosis was per- 


TABLE | 


Indications for Surgery 


no. of Cases 
Ventricular arrhythmias 9 
Attacks of ventricular tachycardia (5) 
Attacks of ventricular fibrillation (4) 
(6 emergency operations) 
Cardiac failure 9 
Left ventricular failure (6) 
Congestive heart failure (3) 
Angina pectoris with acute pulmonary edema 2 
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FIGURE 1. Case of posterior wall 
aneurysm. A, left ventriculogram; 
B, occlusion of the right coronary 
artery; C, tight stenosis of the left 
anterior descending artery. This last 
lesion was treated by an aortocoro- 
nary bypass graft, together with an- 
eurysm resection. 


formed first. This procedure was followed by resection, 
closure of the ventriculotomy and distal anastomosis. 

Thirteen of 20 patients made an uneventful recovery. 
One patient, aged 70, operated on for a huge posterior an- 
eurysm, died within 24 hours from heart failure. The other 
6 patients, operated on for ventricular arrhythmias, had 
similar arrhythmias in the postoperative period. With 
standard treatment, all were free of these complications 9 
days after operation. 


TABLE Il 


Arterial Lesions Demonstrated by Selective Coronary 
Arteriography in 16 Patients 


no. of Cases 
After anterior myocardial infarction 13 
Total occlusion of LAD (5) 
Total occlusion of LAD and stenosis of the (6) 
RCA 
Total occlusion of the LAD and stenosis of (1) 
the LCA 
Total occlusion of the LAD and diffuse (1) 
lesions of the RCA and LCA 
After posterior myocardial infarction 3 
Total occlusion of RCA and stenosis of the (2) 
LAD 
Diffuse lesions of the 3 trunks (1) 





LAD = left anterior descending coronary artery; LCA = left 
circumflex artery; RCA = right coronary artery. 
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FIGURE 3. Pre- and postoperative left ventricular end-diastolic 
pressures in 6 patients (5 cases of segmental dyskinesia = @: 1 
case of true cardiac aneurysm = A). 


FIGURE 2. Pre- (upper) and postoperative 
(lower) left ventriculograms in 3 patients sub- 
mitted to resection of a dyskinetic area of the 
anterior wall. In the postoperative ventriculo- 
grams paradoxical expansile movement has 
disappeared but the ventricular cavity was still 
markedly dilated and distorted. (Diastole in 
dotted lines, systole in full). 


Long-Term Results 


One patient operated on for arrhythmia died sud- 
denly 5 months after operation. Postmortem exami- 
nation revealed a well healed left ventricle and no 
recent infarct or thrombosis. One other patient, op- 
erated on for heart failure, died 3 months postopera- 
tively from acute pulmonary edema; autopsy was not 
performed. 

The 17 surviving patients were followed up for 6 
months to 4 years. Clinical results were considered 
excellent in 7 patients who resumed a normal, active 
life with anticoagulant treatment alone. Results were 
considered good in 6 other patients who carried on 
near normal activity with use of a low-salt diet and 
occasional treatment with digitalis and diuretic 
drugs. In 4 patients, persistent signs of left ventricu- 
lar failure indicated a poor result. 

Heart size was significantly diminished in 9 cases, 
and improvement of electrocardiographic findings 
was noted in 8 cases. 

Postoperative hemodynamic results: In 6 of 9 
patients who had aortocoronary bypass grafts com- 
bined with resection, complete hemodynamic studies 
were carried out. Five of these 6 patients had been 
operated on for segmental dyskinesia and 1 for a true 
aneurysm. This examination was performed 6 weeks 
to 8 months after operation. Seven of the 8 venous 
grafts inserted in these 6 patients were patent. How- 
ever, in spite of absence of paradoxical movement, 
left ventricular contraction was considered abnormal 
in all 6 cases since deformity, dilatation or persistent 
hypokinetic areas were present (Fig. 2). A significant 
decrease in left ventricular end-diastolic pressure 
was noted (Fig. 3). 

In summary, surgery was beneficial to 13 of 20 pa- 
tients; 4 patients had poor results, and 3 patients 
died. 
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Correlation of indication for surgery and results 
obtained: Good results were observed in 7 of 9 pa- 
tients with arrhythmias, in 4 of 9 patients with heart 
failure and in the 2 patients with angina. Seven of 10 
patients with aneurysm had good results compared 
to 3 of 7 patients with segmental dyskinesia. In this 
latter group, all 3 patients with good results had se- 
vere arrhythmias as the indication for surgery. 

In conclusion, surgical results were better (1) in 
patients with true aneurysm than in those with seg- 
mental dyskinesia, and (2) when the operative indi- 
cation was arrhythmia rather than cardiac failure. 


Discussion 


In contrast to published data, arrhythmia was the 
major complication leading to surgery in this series. 
Arrhythmia frequently complicates ventricular aneu- 
rysm, and its prognostic significance is not to be 
taken lightly. In 1 large postmortem series,! arrhyth- 
mia was the immediate cause of death in 14 percent 
of cases, and in 12 other cases of sudden death, 
rhythm disturbances could be implicated. In the 
absence of surgical treatment, 66 percent of patients 
with arrhythmias died within 6 months of the first 
attack of ventricular tachycardia.! Results in Kluge’s 
report? and in our study provide further support for 
attempting surgical management. 


Published hospital mortality figures after resection 
of aneurysm or segmental dyskinesia range from 15 
to 30 percent.*° In our series, hospital mortality was 
5 percent. Operating technique and correction of the 
underlying coronary lesions appear to be important 
factors. Important technical considerations are the 
following: cannulation of femoral vessels in patients 
in critical condition, protection of the myocardium 
by avoiding anoxic arrest and use of atrial pacing to 
control postoperative arrhythmias. Correction of all 
significant coronary lesions and relief of ischemia 
would seem a logical step since postoperative myo- 
cardial infarction has been reported to be a major 
cause of death. 

Long-term results were superior when resection 
was performed to correct an aneurysm rather than 
segmental dyskinesia. In aneurysm, the lesion is 
clearly defined and therefore more easily completely 
resected. In segmental dyskinesia, the myocardial 
area involved has less clearly defined limits, and re- 
section often leaves diseased muscle in place. Fur- 
thermore, coronary arterial lesions are more diffuse 
and revascularization is less efficient in this entity. 
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Although propranolol is frequently utilized as therapy for angina pec- 
toris in patients with previous myocardial infarction, its effects on 
wall motion abnormalities in such patients have not been adequately 
defined. Accordingly, using external wall motion video tracking, we 
studied 18 patients with previous myocardial infarction and wall mo- 
tion disorders and 5 normal subjects before and after administration 
of propranolol, 5 mg intravenously. Systolic time intervals, heart rate 
and left heart size (measured by the distance between the mid-line 
and left heart border in an X-ray film triggered at end-diastole after a 
standard inspiration) were also measured before and after adminis- 
tration of propranolol. In each instance propranolol produced a re- 
duction in the amplitude and velocity of wall motion in areas of nor- 
mal movement, hypokinesis and paradox, resulting in decreased out- 
ward bulging. In the normal subjects, the amplitude and velocity of 
wall motion also decreased. In the patients with previous myocardial 
infarction, propranolol increased the ratio of the preejection period 
to the left ventricular ejection time from a mean of 0.377 + 0.03 
(standard error of the mean) to 0.409 + 0.03 (P <0.001); de- 
creased heart rate by an average of 7.5 beats/min (P <0.001); and 
increased the distance from the mid-line to the left heart border 
from 94.3 + 2.6 to 97.3 + 2.6 mm (P <0.001). Similar changes oc- 
curred in the 5 normal subjects. We conclude that doses of propra- 
nolol sufficient to increase the ratio of the preejection period to left 
ventricular ejection time, decrease heart rate and increase heart 
size do not exaggerate preexisting paradoxical wall motion or accen- 
tuate latent areas of paradox in patients with previous myocardial in- 
farction. 


It has been suggested that local disturbances in left ventricular wall 
motion provide a functional basis for the impairment of cardiac per- 
formance in patients with chronic coronary artery disease.! Whether 
or not cardioactive drugs administered to such patients affect wall 
motion abnormalities is of considerable clinical importance, especial- 
ly in patients with impaired cardiac function. Although beta adrener- 
gic blocking agents are being used with increasing frequency in 
treating angina pectoris, such therapy has the potential disadvan- 
tage of causing myocardial depression. It has previously been ob- 
served in a small group of patients that intravenously administered 
propranolol induces or exacerbates paradoxical wall motion.? Ac- 
cordingly, the present study was designed to document the effects of 
propranolol on normal and abnormal wall motion by using the non- 
invasive technique of radarkymographic video tracking,*:+ which 
permits continuous analysis of the movement of selected segments of 
the left ventricular wall. 
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TABLE | 


Clinical Data in 18 Patients 
Sa cae a Re | een ain as ae ee 


Case no. 


cas ae na ap caer some EA OE N AES a a a A E SE a ees A eee A et sR ED ALE SO Ee ie a ee Be 


Age (yr) & Sex 


Months Since 
Infarct 


Current 
Angina 


Electrocardiographic 
Site of Infarct 
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Wall Motion Abnormality 


Type 


Site 


1 58M 19 — Ant sept; inf Dyskinesis Mid, low lat; apex 
2 48M 24 — Ant sept; inf Hypokinesis Mid, low lat; inf 
3 30M 13 — Ant sept; lat Dyskinesis Low lat; apex 
Hypokinesis Mid lat 
Asynchrony Inf, post 
4 45M 30 — Ant; inf Dyskinesis Mid; low lat 
Hypokinesis Inf 
Asynchrony Apex 
5 53M 6 + Ant sept; inf Hypokinesis Apex 
Asynchrony High, mid lat 
6 58M 24 — Ant lat Dyskinesis Apex 
Hypokinesis Inf 
7 73M 5 — Ant lat Hypokinesis High, mid, low lat, 
apex 
8 62M 5 — Inf; apical Hypokinesis Low lat, apex 
9 67M 24 — Inf Hypokinesis Mid low lat, inf 
10 56M 6 — Ant sept Hypokinesis Mid, low lat 
Asynchrony Low lat, apex 
11 60M 22 — Ant lat Dyskinesis Low lat, apex 
Hypokinesis High lat 
Asynchrony Mid lat 
12 38M 2 — Ant lat Dyskinesis Apex 
Hypokinesis Inf 
13 59F 8 + Ant sept; apical Hypokinesis Apex 
14 69M 3 + Ant sept; lat Dyskinesis Mid, low lat 
Hypokinesis Inf 
15 60M 6 — Ant sept Dyskinesis Low lat 
Hypokinesis Mid lat 
16 38M 6 — Ant Dyskinesis Low lat 
Hypokinesis Apex 
17 63F 6 — Ant sept Hypokinesis Ant lat 
18 57M 6. + Ant lat; inf, Dyskinesis Low lat, apex 
apical Hypokinesis High, mid lat 


PA OP RER E AE E wae E A E NEL EEES PELVE LAs V DEEE Sa AT AAS A SE a EA RE e A S 
Ant lat = anterolateral; ant sept = anteroseptal; inf = inferior; lat = lateral; post = posterior. 


Methods 


Eighteen patients (mean age 55.2 years, range 30 to 67) 
who had had a documented myocardial infarction 2 to 30 
months previously were studied in the supine basal state 
between 8 AM and 12 noon (Table I). All of these patients 
had wall motion abnormalities demonstrated either by 
prior left ventriculography or by video tracking (see later). 
Five subjects without cardiovascular disease (mean age 
41.6 years, range 35 to 69) were also studied. Administra- 
tion of digitalis, quinidine and propranolol was discontin- 
ued for at least 24 hours before the examination. Base-line 
scalar electrocardiogram, arterial blood pressure deter- 
mined by cuff sphygomanometer and heart rate were re- 
corded and subsequently monitored throughout the proce- 
dure. No patient had systemic hypertension or electrocar- 
diographic evidence of left or right bundle branch block. 

Wall motion video tracking was performed as previously 
described*:4 with use of a commercially available device 
(Biotronix Heart Motion Video Tracker) with a frequency 
response, tested by means of a generated sine wave dis- 
play, that decreased by 3 db at a frequency of 16 Hz. 
With use of a 23 cm image intensifier the fluoroscopic car- 
diac image was displayed on a Plumbicon television sys- 


tem and either recorded on video tape for later analysis or 
tracked directly during fluoroscopic studies. The analog 
video signal also was recorded on a Honeywell Visicorder 
photographic system for subsequent analysis. After a stan- 
dard inspiration, recordings were made of the left ventric- 
ular free wall at selected high, mid and low sites in the 
posteroanterior and left anterior oblique projections‘; `in- 
ferior and posterior wall movement was similarly recorded 
in the left anterior oblique and left lateral projections. In 
each patient the amplitude and velocity of wall motion 
were calculated at these selected sites before and after 


` each intervention (Fig. 1). The value of the amplitude and 


velocity of wall motion in each patient was obtained by 
averaging at least 3 beats in which satisfactory tracings 
were recorded. Correction of these values for heart rate 
did not significantly alter them. 

Abnormal wall motion was classified according to a 
modification of the terminology employed by Herman and 
Gorlin!: Dyskinesis was defined as paradoxical systolic ex- 
pansion; asynchrony was considered present when the 
temporal sequence of contraction was disturbed, early in- 
ward movement being followed by late paradoxical expan- 
sion or vice versa; and hypokinesis was defined as dimin- 
ished wall motion (‘Table I). 
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Normal 
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Dyskinetic 
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Measurements of systolic time intervals were made from 
simultaneous recordings of a high-frequency phonocardio- 
gram, the indirect carotid arterial pulse and the electro- 
cardiogram on a multichannel recorder (Elena-Schonan- 
der Mingograf) at a paper speed of 100 mm/sec. Calcula- 
tions of mean intervals were derived from measurements 
of 10 optimally recorded cardiac cycles. Observed time in- 
tervals were corrected for heart rate and sex according to 
the regression equations of Weissler et al. and were ex- 
pressed as indexes. The ratio of preejection period to left 
ventricular ejection time was obtained by dividing the ob- 
served value for preejection period by the uncorrected 
value for left ventricular ejection time, since it has pre- 
viously been shown that this ratio is independent of heart 
rate.® 

The external left heart dimension was utilized as an 
index of left ventricular size.6 This value is obtained by 
measuring the distance from the mid-line to the widest 
point on the left heart border on a standard chest X-ray 
film exposed precisely at end-diastole by means of an 
electrocardiographic gating device after a measured inspi- 
ration of 1,000 ml from functional residual capacity. It has 
previously been shown that the external left heart dimen- 
sion correlates well with cineangiographic measurements 
of left ventricular cavity size.® 

After giving informed consent, the 18 patients and the 5 
normal subjects underwent control measurements of sys- 
tolic time intervals, left heart dimension and the ampli- 
tude and velocity of left ventricular wall motion at the se- 
lected sites indicated earlier. Twenty minutes after the 
intravenous administration of 5 mg of propranolol over 5 
minutes, the same measurements were repeated. Neither 
significant bradycardia nor hypotension was observed 
after administration of propranolol. 


Results 


Base-line wall movement: The types and sites of 
abnormal wall motion observed in the base-line re- 


FIGURE 1. Representative radarkymographic 
recordings of normal (a), hypokinetic (b) 
and dyskinetic (c) areas of wall motion be- 
fore and 20 minutes after administration of 
propranolol, 5 mg intravenously. 


cording in each of 18 patients with coronary heart 
disease are listed in Table I. In 15 patients, all of 
whom had had an anterior or lateral wall infarction, 
areas of paradoxical wall motion were recorded at 
those sites. Seventeen patients had areas of reduced 
or inadequate wall motion (hypokinesis) recorded in 
the basal state, and in 5 patients areas of asynchrony 
were noted. 

Effects of propranolol on wall movement: In 
areas of normal wall motion in the patients with cor- 
onary heart disease, propranolol produced a signifi- 
cant reduction in both mean amplitude (34 percent) 
and velocity (41 percent) of movement (P <0.001, 
paired ¢ test); in initially hypokinetic areas, the av- 
erage amplitude decreased by 17 percent and veloci- 
ty by 35 percent (P <0.001, Fig. 2 and 3). In each 
area displaying initial paradoxical wall motion, there 
was a reduction in both mean amplitude (57 per- 
cent) and in mean velocity (51 percent) of outward 
motion, resulting in a net diminution of outward an- 
eurysmal bulging (P <0.001, Fig. 2 and 3). In no case 
was paradoxical motion accentuated and in no case 
did it appear where it had not appeared earlier. 
Areas of less marked dyskinesis recorded in some 
cases at the margins of the paradoxical area also 
showed an overall diminution in both mean ampli- 
tude and velocity, but in no instance was a change in 
direction of movement recorded. In the 5 normal 
subjects the mean amplitude of wall motion also de- 
creased by 35 percent after administration of propra- 
nolol (P <0.02), and the average velocity diminished 
by 54 percent (P <0.05). 

Heart rate and heart size: In the patients with 
coronary heart disease a significant decrease in mean 
heart rate of 7.5 + 1.0 (standard error) was observed 
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after administration of propranolol (P <0.001, Table 
II, Fig. 4). After beta blockade the left heart dimen- 
sion in these same patients increased by a mean of 
3.1 + 6.8 (standard deviation) mm (P <0.001, Table 
II, Fig. 4). In the 5 normal subjects heart rate slowed 
after administration of propranolol from 69 + 5.8 to 
59 + 6.6 (P <0.05). Although the average left heart 
dimension increased from 82.t + 3.5 to 85.8 + 3.5 
mm, this change was not statistically significant. 
Effects of propranolol on systolic time intervals: 
In the 18 patients with coronary artery disease, the 
basal preejection period index averaged 130.6 + 4.7 
(standard error) msec; it was abnormal (>144 msec) 
in 2 patients. The average left ventricular ejection 
time index was 393.2 + 7.1 msec and was abnormal 
(<408 msec) in 11 patients. The ratio of preejection 
period to left ventricular ejection time averaged 
0.377 + 0.03 and was abnormal (>0.417) in 4 pa- 
tients.’ After administration of propranolol, mean 
preejection period index increased by 7 percent to 
139.7 + 5.0 msec (P <0.001); left ventricular ejection 
time index decreased by 1.5 percent to 387.3 + 7.7 
msec (not significant); and the ratio of preejection 
period to left ventricular ejection time increased 8 
percent to 0.409 + 0.028 (P <0.001, Fig. 4, Table II). 
By comparison, after administration of propranolol 
to 3 subjects in the normal group, mean preejection 
period index increased by 7 percent from 135.8 to 
145.3 msec; left ventricular ejection time index de- 
creased by 9 percent from 404.0 to 368.0 msec; and 
the ratio of preejection period to left ventricular ejec- 
tion time increased by 16 percent from 0.382 to 
0.443. The results were not statistically significant. 


Discussion 


The deleterious effects of propranolol on both car- 
diac pump and muscle function have been well docu- 
mented.8-10 For this reason, the presence of impaired 
cardiac function has frequently been considered a 
relative contraindication to the clinical adminis- 
tration of beta adrenergic blocking drugs. Since a 
high proportion of patients with chronic coronary 
artery disease, particularly those who have had a 
previous myocardial infarction, have some degree of 
abnormal wall motion,‘ it is relevant to consider the 
possible effects of these drugs on such abnormal left 
ventricular wall movement. If propranolol induces 
dyskinesis or exacerbates preexistent aneurysmal 
bulging, deterioration in cardiac performance might 
be expected to occur regularly in patients with pre- 
vious myocardial infarction who are treated with beta 
adrenergic blocking drugs. 

Our results indicated, however, that dyskinesis 
was not exaggerated by administration of propranol- 
ol and new dyskinetic areas were not observed where 
none previously existed. These data appear to favor 
the use of propranolol when indicated in patients 
with coronary heart disease, even in the presence of 
wall motion abnormalities. That significant depres- 
sion of cardiac performance was induced by the dose 
of propranolol used was reflected in the increases in 
the preejection period index and in the ratio of the 
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FIGURE 2. Average wall motion amplitude of normal and abnor- 
mal areas during control (C) measurements and after intrave- 
nous administration of propranolol (P). 1SE = 1 standard error 
of the mean. 
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FIGURE 3. Average wall motion velocity of normal and abnor- 
mal area before (C) and after intravenous administration of 
propranolol (P). 1SE = 1 standard error of the mean. 


June 1973 The American Journal of CARDIOLOGY Volume 31 715 


PROPRANOLOL AND WALL MOTION ABNORMALITIES—LUDBROOK ET AL. 


NON-INVASIVE MEASUREMENTS BEFORE & AFTER PROPRANOLOL 
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TABLE Il 


Noninvasive Measurements Before and After Administration 
of Propranolol, 5 mg Intravenously 


Heart 

Heart Rate 

Size (beats/ PEPI LVETI PEP/ 

(mm) min) (msec) (msec) LVET 
Control 94.3 67.1 130.6 393.2 0.377 
+ SEM 2.6 2.9 4.7 hie! 0.03 
Propranolol 97.3 59.6 139.7 387.3 0.409 
+ SEM 2.6 2.6 4.9 r AN 0.03 
% change 3.2 11.2 7 2 8.2 
P value <0.001 <0.001 <0.001 #<0.4(NS) <0.001 


LVET = left ventricular ejection time; LVETI = left ventricular 
ejection time index; P = probability; PEP = preejection period; 
PEPI = preejection period index; SEM = standard error of the 
mean. 


preejection period to left ventricular ejection time 
observed in the patients with coronary heart disease. 
Cardiac size as assessed by the left heart dimension 
also increased. Although heart rate slowed, it has 
been shown that there is no significant relation be- 
tween the externally measured left heart dimension 
and cardiac rate between heart rates of 75 to 100 
beats/min. As indicated earlier, correction for heart 
rate of the alterations in mean amplitude and veloci- 
ty of the left ventricular wall did not alter the results. 
Beta adrenergic blockade produces a number of 
physiologic responses, including the diminution of 
myocardial contractility, both by direct depression of 


A PEP/ 
LVET 
0.04 
0.03 
0.02 
0.01 
0 
FIGURE 4, Changes (A) in 
heart size, heart rate, preejection 
period index (PEPI), left ventricular 
ejection time index (LVETI) and 
ratio of preejection period to left 
ventricular ejection time (PEP/ 
LVET) after intravenous adminis- 
tration of propranolol. 1SEqa = 
standard error of the difference; p 
p< .001 = probability. 


myocardial function and by reduction of the sympa- 
thetic adrenergic ‘‘drive’”’ to the myocardium.? This 
finding is convincingly demonstrated by the observed 
significant reduction in amplitude and velocity of 
both normal and abnormal wall motion. The fol- 
lowing considerations may apply to the latter obser- 
vations: As a result of the decreased contractility, 
the rate of rise of intraventricular systolic pressure is 
lessened, and the outward distending force on the 
ventricular wall is diminished, with consequent re- 
duction in outward systolic bulging. 

In contrast to our results, the left ventriculogra- 
phic studies of Helfant et al.2 showed that intrave- 
nously administered propranolol either induced or 
exaggerated asynergy in 5 subjects, 3 of whom had 
coronary heart disease. However, more recently, 
Pasternac and co-workers!! demonstrated that wall 
motion abnormalities could be produced or intensif- 
ied by atrial pacing, an intervention that would be 
expected to increase myocardial oxygen demand. !?:13 
On the basis of the latter observation, it might be 
predicted that beta adrenergic blockade, which acts 
to decrease heart rate and myocardial oxygen con- 
sumption, should reduce the extent and severity of 
asynergy, which was the result we observed. 

Few data are available concerning the effects of 
beta blockade on systolic time intervals. After intra- 
venous administration of 10 mg of propranolol in 37 
normal resting subjects, Harris and associates docu- 
mented an average increase of 10 msec in the pree- 
jection period uncorrected for heart rate.!4 Hunt et 
al.15 noted an increase of 8 msec in the preejection 
period index in 3 of 5 normal resting male subjects, 
and a reduction of 8 and 3 msec, respectively, in the 
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remaining 2 patients. We have shown that signifi- 
cant changes in systolic time intervals consistent 
with a reduction in left ventricular performance can 
be produced in patients with coronary artery disease 
after intravenous administration of 5 mg of propra- 
nolol. Thus, although it has been demonstrated that 
systolic time intervals are not entirely reliable for the 
separation of groups of normal subjects from patients 
with coronary artery disease and normal hemody- 


namic status,1® these measurements do appear to be 
reliable for assessing changes produced by the dose 
of propranolol used in this study, especially when 
each patient is used as his own control. 
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During exposure to 8 percent oxygen inhalation, 18 dogs experi- 
enced an average increase of 5.4 mm Hg in mean pulmonary arteri- 
al pressure. The administration of promethazine and chlorphenir- 
amine during an initial exposure to hypoxia significantly decreased the 
pulmonary hypoxic pressor response; the administration of diphenhy- 
dramine did not. However, these 3 antihistaminic agents prevented 
the development of pulmonary hypertension during a second expo- 
sure to hypoxia (P = 0.3 X 10~°). Five dogs received progressive 
doses of chlorpheniramine, thus showing that the effectiveness of 
this drug can be demonstrated at a dose of less than 0.3 mg/kg 
body weight. The amounts of diphenhydramine and promethazine 
needed to achieve effectiveness equivalent to that of chlorphenir- 
amine are sufficiently great as to restrict their applicability to man in 
acceptable doses. This study lends further support to the hypothesis 
that histamine mediates hypoxic pulmonary hypertension. 


The biochemical mediation of pulmonary hypertension induced by 
hypoxia has been unclear for many years. The work of Hauge et al.1.2 
in isolated rat or cat lungs lent support to the hypothesis that his- 
tamine may be this mediator. Subsequently, work conducted in our 
laboratory?:* lent strong support to this hypothesis by demonstrating 
that chlorpheniramine (Chlor-Trimeton®) abolished pulmonary hy- 
pertension induced by hypoxia and prevented the appearance of pul- 
monary hypertension with the institution of hypoxia. However, in 
that study, 2 other antihistaminic agents failed to abolish the pul- 
monary vascular pressor response to hypoxia. This paradox led to 
the present studies, to determine whether the antihistaminic proper- 
ties of chlorpheniramine were those being demonstrated in the pre- 
vention or inhibition of hypoxic pulmonary hypertension or whether 
other properties, not shared by promethazine (Phenergan®) and di- 
phenhydramine (Benadry!®), were responsible for the effect. 

Promethazine has potent antiserotonin properties® in addition to 
antihistaminic effects. Diphenhydramine also possesses other phar- 
macologic effects in addition to its antihistaminic activity.6 Con- 
versely, chlorpheniramine has relatively pure antihistaminic effects. 
Thus, in testing the hypothesis that histamine mediates hypoxic pul- 
monary hypertension, it became important to determine whether di- 
phenhydramine and promethazine, with their antihistaminic proper- 
ties, lack the ability to prevent hypoxic pulmonary hypertension or 
whether an insufficient dose had been utilized in the previous study. 
Accordingly, we tested the reaction of the pulmonary vascular bed to 
hypoxia in the presence of differing amounts of the 3 antihistaminic 
agents. 


Material and Methods 


Twenty-three mongrel dogs of both sexes (weight range 11.2 to 24.2 kg; 
mean 17.6) were divided into 1 group of 5 dogs and 3 groups of 6 dogs. Each 
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dog was anesthetized with a mixture of 6.0 mg/kg body 
weight of droperidol and 0.12 mg/kg body weight of fen- 
tanyl (Innovar-Vet, McNeil Laboratories, Fort Washing- 
ton, Pa.). Small supplemental doses were administered as 
necessary. Atropine sulfate was also given in a dose of 0.4 
mg. Each dog had a cuffed endotracheal tube inserted to 
ensure a leak-free means of administering a hypoxic gas 
mixture. A no. 7F catheter was placed in the thoracic 
aorta from the femoral artery. The distal lumen of a no. 
8F double-lumen catheter was placed in a pulmonary ar- 
terial wedge position; the proximal lumen was in the main 
pulmonary artery. Pressures were recorded at a paper 
speed of 10 mm/sec by use of Statham P23Db strain 
gauges and the carrier amplifiers of an oscillographic re- 
corder (Hewlett-Packard recorder model 7712B). Mean 
pressure values were obtained by electronic damping. 

Cardiac output was calculated by the Hamilton meth- 
od’ after the injection of 2.5 mg of indocyanine green dye 
into the pulmonary artery and withdrawal of aortic blood 
through a densitometer (Gilford densitometer, model 
103IR). Systemic and pulmonary vascular resistance levels 
were calculated in the centimeter-gram-second system 
using the mean aortic and the mean pulmonary arterial 
minus pulmonary arterial wedge pressure values, respec- 
tively. 

Spontaneous respiration through the cuffed endotra- 
cheal tube was permitted throughout. The inspired gas 
mixture was changed at will from room air to a reservoir 
containing a mixture of 8 percent oxygen and 92 percent 
nitrogen. A l-way valve prevented rebreathing and accu- 
mulation of carbon dioxide. Each set of measurements in- 
cluded measurement of cardiac output, heart rate, pulmo- 
nary arterial and pulmonary arterial wedge pressure, aor- 
tic pressure and arterial pH, POz2 and PCO» (Instrumen- 
tation Laboratories, blood gas analyzer, model 113, Bos- 
ton, Mass.). 


Procedures: The initial group (5 dogs) was studied to 
determine the dose-response relation of the effectiveness 
of chlorpheniramine in the inhibition of pulmonary hyper- 
tension. Each dog was subjected to 8 consecutive se- 
quences of 2 minutes of hypoxia and 5 minutes of breath- 
ing room air. The first 4 trials were utilized to determine 
the reproducibility of the pulmonary pressor response to 
identical degrees of hypoxia. The second 4 trials were uti- 
lized to determine the dose-response relation of chlor- 
pheniramine. Before the fifth trial, each dog received 5 
mg of chlorpheniramine. An additional 5 mg of chlor- 
pheniramine was given before each of the subsequent 3 
exposures to hypoxia to permit measurement of the pul- 
.nonary pressor response in the presence of 5, 10, 15 and 
20 mg of chlorpheniramine (cumulative dose). 

The remaining 3 groups (6 dogs in each) were subjected 
to a similar sequence of measurements. Initial measure- 
ments were made while the dogs breathed room air. The 
endotracheal tube was then connected to the reservoir 
containing the hypoxic gas mixture. Pulmonary arterial 
and aortic pressures were measured at 1 minute intervals 
after fie onset of hypoxia. All measurements were repeat- 
ed after 10 minutes of stable hypoxia and pulmonary hy- 
pertension. The antihistaminic agent was then adminis- 
tered over 30 seconds into the main pulmonary artery 
while hypoxia was maintained. Each of the first group of 6 
dogs received 100 mg of diphenhydramine (Benadryl®, 
Parke, Davis & Co., Detroit, Mich.). The second group of 
6 dogs each received 50 mg of promethazine (Phenergan®, 
Wyeth Laboratories, Philadelphia, Pa.), and the last 
group of 6 dogs each received 20 mg of chlorpheniramine 


(Chlor-Trimeton®, Schering Corp., Bloomfield, N.J.). 
Pulmonary arterial and aortic pressures were then mea- 
sured at 1 minute intervals. Cardiac output and the other 
measurements were repeated 15 minutes after the admin- 
istration of the antihistaminic agent. Each dog was then 
permitted to breathe room air for 10 minutes. A second 
period of hypoxia was then begun to determine whether 
the previously administered antihistaminic agent would 
prevent the appearance of hypoxic pulmonary hyperten- 
sion. 

Statistical analyses of the data were performed by 
paired comparisons between groups. Analysis of variance 
was used to determine the consistency of response within 
and between groups and the significance of changes in- 
duced by hypoxia and those attributable. to antihistamine 
administration. 


Results 


Effect of chlorpheniramine: The results in the 
initial group of dogs are illustrated in Figure 1. Each 
of the 4 initial episodes of hypoxia before adminis- 
tration of chlorpheniramine produced significant and 
equivalent degrees of pulmonary hypertension, with 
an average increase in the mean pulmonary arterial 
pressure of 4.5 mm Hg. No significant differences 
were present among the 4 trials before antihistamine 
administration (P = 0.99). Although the average 
level of pulmonary arterial mean pressure was slight- 
ly lower after the 20 mg dose of chlorpheniramine 
than after the 5 mg dose, there were no significant 
differences (P = 0.94) in the ability of 5, 10, 15 or 20 
mg (cumulative doses) to modify the appearance of 
hypoxic pulmonary hypertension. Thus, even rela- 
tively small doses of chlorpheniramine significantly 
prevented the appearance of hypoxic pulmonary hy- 
pertension (P = 0.1 X 10-8). 

Comparison of diphenhydramine, promethazine 
and chlorpheniramine: The original values ob- 
tained with the dogs breathing room air and the 
changes induced by hypoxia in each of the other 3 
groups of dogs are summarized in Table IA (di- 
phenhydramine), IB (promethazine) and IC (chlor- 
pheniramine) under the “Before” column. Analysis 
of the changes induced by hypoxia demonstrated a 
highly significant decrease in arterial PO% (P = 0.8 
x 10-11) and PCO»: (P = 0.2 x 10-8), and a sig- 
nificant increase in arterial pH (P = 0.1 X 10-8). 
There were no significant differences in these re- 


MEAN CHANGE 
IN 4 

PULM. ARTERY 
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(mmHg) 





CONTROL 5MG IOMG I5MG 20O MG 
8% O, 


CHLORPHENIRAMINE 
FIGURE 1. The average changes in pulmonary arterial mean 
pressure 2 minutes after the onset of hypoxia are shown before 
chlorpheniramine administration (average of 4 consecutive hy- 
poxic episodes) and after 5, 10, 15 and 20 mg of chlorphenira- 
mine, respectively. 
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TABLE | 


Initial Values and Changes Produced by Shifting from 20.9 Percent to 8 Percent Inspired Oxygen Concentrations 
(Before) and Subsequent Changes Noted 15 Minutes after Antihistaminic Agent Administration During Constant Hypoxia 








Room Air 8% Oxygen* 
no. Mean Range Before After 
A. Diphenhydramine 

Arterial PO: (mm Hg) 5 92.3 88.4-102.5 —54.7+ 6.3 —2.9+ 4.1 
Arterial PCO, (mm Hg) 6 41.2 30.9-45.5 —13.9+ 2.6 —1.0+ 2.2 
Arterial pH 6 7.32 7.25-7.37 0.13 + 0.005 —0.03 + 0.03 
Cardiac output (liters/min) 5 3.37 2.59-3.77 0.93 + 0.61 —0.10 + 0.55 
Heart rate (beats/min) 6 100 85-125 37 + 35 35 + 28 
Mean PA pressure (mm Hg) 6 11.5 10-14.5 5.4+ 2.6 —1.7+ 4.0 
Wedge pressure (mm Hg) 6 3.0 1.5-5 0.75 + 0.9 —0.4+ 1.2 
Mean aortic pressure (mm Hg) 6 106 89-134 9+ 8 —8 + 20 
Resistances (dyne sec cm) 

Systemic 5 2447 2143-3089 —274 + 225 —2.8 + 380 

Pulmonary vascular 5 190 133-262 38 + 53 —4.4 + 53 

B. Promethazine 

Arterial PO: (mm Hg) 6 85.3 80-95 —52.2 + 5.0 —4.5+ 1.3 
Arterial PCO: (mm Hg) 6 41.2 38.5-45.2 —14.6+ 2.8 —0.7+ 0.6 
Arterial pH 6 7.31 7.24-7.35 0.14 + 0.02 —0.02 + 0.02 
Cardiac output (liters/min) 6 3.25 2.63-3.94 0.91 + 0.9 0.31 + 0.59 
Heart rate (beats/min) 6 108 76-180 60 + 49 56 + 20 
Mean PA pressure (mm Hg) 6 8.5 7-9.5 4.7 + 2.6 —2.3 + 1.6 
Wedge pressure (mm Hg) 6 2.9 2-3.5 —0.4 + 0.4 0.4 0.8 
Mean aortic pressure (mm Hg) 6 122 88-151 6.0+ 8 —ll+11 
Resistances (dyne-sec-cm~) 

Systemic 6 3028 2072-3650 —508 + 475 —376 + 590 

Pulmonary vascular 6 142 91-182 79 + 57 —70+ 41 

C. Chlorpheniramine 

Arterial PO: (mm Hg) 5 84 72-95 .4 —49.4+ 6.9 —3.0+ 2.3 
Arterial PCO: (mm Hg) 6 39.7 24.4-46.5 —13.3+ 3.0 16+ 1.8 
Arterial pH 6 7.34 7.29-7.42 0.14 + 0.03 —0.02 + 0.003 
Cardiac output (liters/min) 5 3.46 2.41-4.87 0.65 + 0.34 —0.34 + 0.39 
Heart rate (beats/min) 6 99 87-117 70 = 55 —13=+ 40 
Mean PA pressure (mm Hg) 6 9.5 8-11.5 6.0+ 2.8 —5.7+ 3.8 
PA wedge pressure (mm Hg) 6 2.5 1-4.5 —1.5+ 2.0 12.2.3 
Mean aortic pressure (mm Hg) 106 70-132 2+ 13 —16 + 25 
Resistances (dyne sec cm) 

Systemic 5 2544 1390-3784 —275 + 410 —42 + 605 

Pulmonary vascular 6 168 131-201 126 + 218 —122+ 114 


PA = pulmonary arterial. 
* Mean change +95 percent confidence limits of change. 


sponses among the 3 groups (P = 0.13, 0.21, 0.32, re- 
spectively). The cardiac output and heart rate also 
increased significantly with the advent of hypoxia (P 
= 0.01 and P = 0.9 x 10-6), again without significant 
differences among the 3 groups (P = 0.94). The mean 
aortic pressure and the total systemic resistance did 
not change significantly during hypoxia (P = 0.43 and 
0.15, respectively). | 

Each dog experienced at least a 1.5 mm Hg in- 
crease in the mean pulmonary arterial pressure dur- 
ing hypoxia. The average increase for the 3 groups of 
6 dogs was 5.4 mm Hg (P = 0.1 X 10-5). Pulmo- 
nary arterial systolic and diastolic pressures changed 
in parallel to the changes observed in the mean pres- 


sures, and they are not reported. The pulmonary ar- 
terial wedge pressure was not significantly altered by 
hypoxia in any of the groups (P = 0.57). This re- 
sponse was not different between groups (P = 0.16). 
Accompanying these changes, hypoxia induced a sig- 
nificant increase in the average pulmonary vascular 
resistance (P = 0.006). ; 
Administration of the 3 antihistaminic agents to 
the corresponding groups of dogs, as shown in Table 
I, A to C, under the “After” column, produced no 
significant changes in the level of arterial PO% (P = 
0.14), PCO2 (P = 0.57), pH (P = 0.18), cardiac out- 
put (P = 0.95) or mean aortic pressure (P = 0.09). 
The wedge pressure was not significantly affected 
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EFFECT OF HYPOXIA ON MEAN PULMONARY ARTERY PRESSURE 


FIGURE 2. The average mean pulmonary 
arterial pressure measured while 18 dogs 
breathed room air and the changes induced 
by hypoxia are shown. The solid circles and 
solid lines reflect data obtained before ad- 
ministration of the designated antihistaminic 
agent, and the open circles and dashed lines 
represent data obtained after administration 
of the designed antihistaminic agent. 


after administration of the antihistaminic agents (P 
= (0.29); however, a reliable wedge pressure could not 
be recorded in 2 dogs in the group receiving chlor- 
pheniramine. The average heart rate did increase in 
2 of the 3 groups after administration of the corre- 
sponding antihistaminic agent. 

Diphenhydramine, administered during the initial 
period of hypoxia, decreased the mean pulmonary 
arterial pressure in 3 of the 6 dogs. The pulmonary 
arterial pressure increased slightly in the other 3 
dogs; the average pressure decreased by 1.7 mm Hg 
(not significant, P = 0.31). The pulmonary arterial 
pressure decreased in 5 of the 6 dogs that received 
promethazine and was unchanged in 1; the mean 
change of -2.3 mm Hg was significant (P = 0.01). 
Administration of chlorpheniramine to the third 
group of dogs resulted in a marked decrease in pul- 
monary arterial pressure in 5 dogs and no change in 
the sixth dog. The average reduction was —5.7 mm 
Hg, which was also significant (P = 0.01). Corre- 
spondingly, a significant decrease in the pulmonary 
vascular resistance was observed in this group of 
dogs (P = 0.04) as well as in the dogs receiving pro- 
methazine (P = 0.006). The pulmonary vascular re- 
sistance was not significantly altered by the adminis- 
tration of diphenhydramine (P = 0.85). The total 
systemic resistance was not significantly affected by 
the administration of antihistamines (P = 0.45). 

Effect of antihistaminic agents during second 
hypoxic period: All measured variables returned to 
the initial level within 10 minutes after the termina- 
tion of the initial hypoxic period. The second period 
of exposure to hypoxia was begun approximately 25 
to 30 minutes after the antihistaminic agents had 





AIR 
DI PHENHYD 
IOO mg 


IN I8 DOGS 


@—e Before 


O---o After Antihistamine 


8% 8% ROOM 8% 

OXYGEN AIR OXYGEN AIR OXYGEN 

RAMINE PROMETHAZINE CHLORPHENIRAMINE 
5Omg 20mg 


been administered. However, the advent of pulmo- 
nary hypertension was significantly attenuated (P = 
0.3 X 10-6) in each group of dogs (Fig. 2). The 
average mean pulmonary arterial pressure increased 
by 1.6 mm Hg in the group of dogs that received di- 
phenhydramine. The corresponding values were 1.4 
and 1.0 mm Hg in the dogs that received prometh- 
azine and chlorpheniramine, respectively. Each of 
these changes in the mean pulmonary arterial pres- 
sure was significantly different from the degree of 
pulmonary hypertension that had developed with 
hypoxia in the absence of the 3 antihistaminic drugs. 
Moreover, there were no significant differences in the 
effectiveness of any of the 3 agents in the prevention 
of hypoxic pulmonary hypertension. 


Discussion 


Effect of antihistaminic agents on hypoxic pul- 
monary hypertension: Many types of parenchymal 
and pulmonary vascular disorders modify the partial 
pressure of oxygen in alveolar air or in the sector of 
the pulmonary microvascular bed, which Bergofsky 
et al.? have suggested is the anatomic site for pro- 
duction of hypoxic pulmonary hypertension. It is 
postulated that hypoxia in this region may augment 
or perpetuate pulmonary hypertension initiated by 
factors other than hypoxia. For this reason, it is im- 
portant to elucidate the nature of the mediators of 
hypoxic pulmonary hypertension and to seek agents 
that will attenuate or abolish any element of pulmo- 
nary vasoconstriction induced by this mediator. 

Previous work has suggested that histamine may 
be an important step in this mediation.+* However, 
our previous studies had left a major area of uncer- 
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tainty by demonstrating that 2 agents with known 
antihistaminic properties failed to modify signifi- 
cantly pulmonary hypertension induced by hypoxia. 
The data from our previous study demonstrated 
that chlorpheniramine, a strong antihistaminic 
agent, in a dose of 20 mg was capable either of abol- 
ishing or of preventing hypoxic pulmonary hyperten- 
sion when administered during or before hypoxia, re- 
spectively. The data from the present study confirm 
these observations concerning chlorpheniramine in a 
separate group of experimental dogs. Moreover, this 
study has demonstrated that the effectiveness of 
chlorpheniramine can be demonstrated at doses of 
less than 0.3 mg/kg body weight. The corresponding 
dose in a 70 kg man would therefore be in a highly 
acceptable range. . 

Conversely, doses of 2.8 mg/kg body weight of di- 
phenhydramine or 1.4 mg/kg body weight of pro- 
methazine had not demonstrated an appreciable ef- 
fect in the abolition of pulmonary hypertension in 
our previous study.* The present study utilized twice 
these doses and demonstrated that these agents also 
are capable of preventing hypoxic pulmonary hyper- 
tension. Thus, the present data demonstrate that 
any of the 3 antihistaminic agents, when given in 
sufficient dosage, specifically modify the pulmonary 
vascular response to an hypoxic stimulus. The 
amounts of diphenhydramine and promethazine 
needed to achieve effectiveness equivalent to that ex- 
hibited by chlorpheniramine are sufficiently great to 
restrict their applicability to man in acceptable 
doses. Moreover, the dose-response characteristics 
with chlorpheniramine provide a basis for extending 
to man observations to clarify the role of histamine 
and of focal hypoxia in pulmonary hypertension of 
diverse causes. These studies lend further support to 
the notion that histamine mediates hypoxic pulmo- 
nary hypertension. 

Effects of adrenergic blockade and catechol- 
amine depletion: It has been shown that neither 
alpha adrenergic blockade nor tissue catecholamine 
depletion prevents the hypoxic pulmonary pressor 
response.!9-11 The potential effect of serotonin in the 
production of hypoxic pulmonary vasoconstriction 
has also been previously ruled out.1 Other drugs 
have been used in an attempt to modify the hypoxic 
pulmonary pressor response. Tolazoline (Prisco- 
line®), for instance, has been observed to reduce 
transiently the pulmonary arterial pressure elevated 
for reasons other than hypoxia.?!? It has also been ob- 
served that it decreases the hypoxic pressor re- 
sponse.!% Tolazoline is a substituted imidazoline and 
has a wide range of pharmacologic actions, including 
alpha adrenergic blocking, parasympathomimetic 
and systemic histamine-like activity. Responses that 
are mediated by beta receptors are unaffected.14 To- 
lazoline is a peripheral vasodilator, probably because 
of a direct effect on vascular smooth muscle. Since 
its pharmacologic activity is so varied, it is difficult 
to define its mechanism of action during hypoxic va- 
soconstriction. 

Dipyridamole is another drug that has been ob- 


served to lessen, but not to abolish, hypoxic pulmo- 
nary vasoconstriction.!° It is a potent vasodilator, 
and is known to alter platelet aggregation by inter- 
ference with adenosine metabolism. The effects of 
adenosine on the pulmonary vessels have not been 
tested. However, dipyridamole effectively antago- 
nizes the spasm of intestinal smooth muscle induced 
by barium and also inhibits the bronchospasm in- 
duced by either histamine or acetylcholine.!® 

Richardson et al.1® have shown that beta adrener- 
gic blocking agents can significantly reduce the sys- 
temic effects produced in man by the acute inhala- 
tion of 7.5 percent oxygen for periods of less than 10 
minutes. However, the effects of these agents in the 
pulmonary circulation are different. There are dis- 
crepancies in the published reports as to whether the 
administration of beta adrenergic blocking agents 
(propranolol) to man produces an increase or no 
change in the mean pulmonary arterial pressure and 
in total pulmonary resistance. With reference to hy- 
poxia, it has been shown that the pulmonary pressor 
response to the inhalation of 13 percent oxygen is not 
blocked by beta blockade with propranolol.!? It has 
recently been demonstrated in anesthetized cats17 
that histamine acts primarily by constricting the 
pulmonary blood vessels. Subsequent pulmonary va- 
sodilatation probably depends on epinephrine re- 
leased from the adrenal glands by the action of his- 
tamine. After beta receptor blockade with propranol- 
ol, histamine had the same pressor effect as in adre- 
nalectomized cats, but the histamine-induced in- 
crease in pulmonary vascular resistance was pro- 
longed. It appears that the effect of alveolar hypoxia 
is due to the local release of histamine. Recent histo- 
chemical studies performed in isolated lung prepara- 
tions have presented direct evidence that histamine 
is important in the response to alveolar hypoxia. The 
histamine concentration in lung tissue has been 
shown to change appropriately during the different 
phases of the pulmonary pressor response.18 

Many substances and drugs can result in hista- 
mine release; among these is morphine. The periph- 
eral vasodilator action of morphine has been attrib- 
uted to histamine release; however, this action is 
only partially blocked by antihistamines.!4:29 The 
major decrease in systemic blood pressure that oc- 
curs after toxic doses of morphine is largely related 
to hypoxia, both from central respiratory depression 
and from bronchoconstriction.6 This combination 
may well produce alveolar hypoventilation; the asso- 
ciated hypoxia may in turn cause histamine release. 
However, recent studies of the hemodynamic effects 
of small doses of morphine in patients with coronary 
artery disease have shown no changes in the mean 
pulmonary arterial pressure or in pulmonary vascu- 
lar resistance.+9 It is not known whether larger doses 
directly affect the pulmonary vasculature. 

Clinical implication: Histamine probably has an 
important effect on the local vasoregulation of flow 
in the lung in areas that have alveolar hypoxia. 
Whether hypercapnia or acidosis acts through the 
same mediator remains to be clarified. Demonstra- 
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tion of the effect of antihistaminic agents on hypoxic 
pulmonary vasoconstriction may provide another 
therapeutic approach to the altered physiologic and 
hemodynamic status of patients with chronic ob- 
structive lung disease. 


10. 
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Hemodynamic and metabolic effects of adrenergic stimulating and 
blocking drugs were tested in a standardized model of experimental 
cardiogenic shock. Left ventricular end-diastolic and aortic pres- 
sures, cardiac output, the first derivative of the left ventricular pres- 
sure pulse (dP/dt), left ventricular stroke work and, in part of the 
studies, end-systolic, end-diastolic volumes, ejection fraction, ten- 
sion-time index, myocardial oxygen consumption and excess lactate 
were serially measured. The effects of phenoxybenzamine, norepi- 
nephrine and isoproterenol were evaluated on these variables and on 
the 24 hour survival rate in awake sedated animals. Phenoxybenza- 
mine had a detrimental effect on the hemodynamic state even in 
combination with norepinephrine. Norepinephrine and isoproterenol 
alone produced only a slight improvement, and the latter resulted in 
excess lactate production. Small doses of isoproterenol in combina- 
tion with norepinephrine significantly improved all hemodynamic 
variables and resulted in lactate utilization. It is postulated that a 
synergistic effect of the alpha and beta adrenergic stimulation by the 
latter drugs resulted in optimal sympathetic augmentation. The com- 
bined treatment was applied in 5 patients with cardiogenic shock 
with good results. 


The treatment of shock after acute myocardial infarction remains 
one of the difficult challenges of medical management. The average 
mortality rate still exceeds 80 percent. Hemodynamic and metabolic 
changes in cardiogenic shock have been studied in the experimental 
laboratory and in patients by several investigators. The use of vaso- 
pressive and vasodilating agents, especially alpha and beta adrenergic 
stimulating and blocking drugs, has been most extensively evaluated 
in the treatment of shock, but opinions about the value of these 
agents are divergent.! Norepinephrine and metaraminol have been 
considered to have deleterious effects by some investigators? because 
of the increased pressure work load on the left ventricle resulting 
from the increased peripheral resistance. Some authors recommend- 
ed the use of alpha adrenergic blocking drugs to decrease left ven- 
tricular work; however, limited clinical experience did not confirm 
their value, and phenoxybenzamine was reported to produce severe 
unusual pulmonary complications.*® The beta adrenergic stimulator 
isoproterenol has frequently been used in the shock syndrome re- 
gardless of origin’:’; however, unfavorable effects in patients have 
been reported.? 1° 

None of the drugs appear to have superiority, and attempts have 
been made to combine agents that enhance myocardial contractility 
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with those that cause peripheral vasodilation in 
order to prevent an undesirable increment of cardiac 
work load.11 Thus, norepinephrine and phenoxyben- 
zamine have been used in combination.* Other com- 
binations such as dopamine with alpha adrenergic 
blocking agents, dopamine and isoproterenol, and 
norepinephrine and isoproterenol have also been 
tried.12:13 Although it appears that some of these 
combinations can temporarily improve the hemody- 
namic and metabolic state in cardiogenic shock, no 
clear-cut superiority of one over the other treatment 
has been established.!4 

The purpose of our study was to investigate sys- 
tematically the effect of different alpha and beta ad- 
renergic stimulating and blocking agents in a 
standardized experimental model of cardiogenic 
shock! to establish the value of different adrenergic 
stimulating and blocking drugs, alone and in combi- 
nation, in the treatment of cardiogenic shock. The 
reproducibility and the hemodynamic changes in 
this closed chest model of shock have been estab- 
lished in previous experiments.!® Initial clinical ex- 
perience with combined drug treatment in 5 patients 
with cardiogenic shock is also reported. 


Methods 
Animal Studies 


The studies were performed in 68 mongrel dogs of both 
sexes weighing 15 to 20 kg. The dogs were conditioned by 
deworming and immunization. Examination by a veter- 
inarian, complete blood count and a control electrocardio- 
gram were obtained before acceptance of animals for the 
study. Food was withheld for 12 hours before the experi- 
ment. The dogs were lightly anesthetized by intravenously 
administered pentobarbitol, 15 mg/kg body weight. The 
cut-down procedures were performed under sterile condi- 
tions, with the use of local anesthesia (2 percent lidocaine 
[Xylocaine®]). A femoral artery and vein, the left carotid 
artery, the left jugular vein and the right jugular vein 
were exposed. No. 7F Teflon catheters were advanced to 
the left ventricle and right atrium from the leg. A no. 6 
Cournand catheter was advanced to the pulmonary artery 
by way of the left jugular vein. All catheters were posi- 
tioned unaer fluoroscopic control and use of pressure mea- 
surements. 

Myocardial infarction and shock were produced by in- 
jection of metallic mercury into the coronary artery as de- 
scribed elsewhere.15:16 A special double catheter devel- 
oped in our laboratory was used to embolize selectively 
the left circumflex coronary artery with 0.2 ml of metallic 
mercury followed by flush with 2 ml of isotonic saline so- 
lution. The details of the double catheter technique have 
been reported elsewhere.17 After embolization, the inner 
catheter was removed, and the outer catheter was left in 
the root of the aorta for recording of central aortic pres- 
sure, withdrawal of blood and determination of cardiac 
output. 

In the experiments with combined use of norepineph- 
rine and isoproterenol, an additional small polyethylene 
catheter was advanced from the right jugular vein 2 cm 
up the coronary sinus for collection of coronary sinus 
blood samples. Heart volume measurements were made in 
the latter experiments by the dye-dilution technique. By 


the time the catheters were placed, the dogs had begun to 
awaken, and morphine sulfate, 15 mg intramuscularly, 
was given for light sedation in hourly intervals or as need- 
ed (1 mg/kg body weight). 

The hemodynamic measurements and derived variables 
obtained in this study were recorded or calculated as fol- 
lows: For pressure measurements, catheters were con- 
nected to Statham P23Db pressure transducers. The first 
derivative of the left ventricular pressure pulse (dP/dt) 
was obtained from a resistance-capacitance differentiating 
circuit with 15 cycles/sec filter.1* The mean pressures 
were measured by electronic integration. The mean sys- 
tolic pressure was calculated by planimetric integration. 
The hemodynamic variables and the electrocardiogram 
were displayed on an oscilloscope and recorded on a Hon- 
eywell multichannel photographic recorder (Visicorder 
model 1507). Cardiac output was measured by the dye- 
dilution technique by a bolus injection of 2.5 mg indo- 
cyanine green dye into the pulmonary artery. Arterial 
blood was withdrawn through a Gilford densitometer with 
use of a Harvard constant withdrawal-infusion pump. A 
direct readout of cardiac output was obtained by analog 
computer (Lexington Instrument Corp.). The blood was 
reinfused into the dog. At least 2 injections were made at 
one time, and the average value of cardiac output was re- 
corded. 

Arterial, venous and coronary sinus blood samples were 
collected for determination of blood gases (Radiometer, 
Copenhagen), serum electrolytes (by flame photometer), 
lactates,19 pyruvates2° and serum enzymes (creatine phos- 
phokinase,2! glutamic oxaloacetic transaminase??). Left 
ventricular excess lactate was derived according to the 
formula of Huckabee.2? The exact amount of blood with- 
drawn for the examination was replaced by injection of 
normal saline solution. Blood volume was measured by 
the radioactive I131-tagged albumin technique. 

The left ventricular end-diastolic volume, end-systolic 
volume and cardiac output were determined, at least in 
duplicate, by the method of Shaffer.24 Indocyanine green 
dye was infused into the left ventricle at a constant rate of 
24.25 mg/min by means of a Harvard pump. Arterial 
blood was sampled from the aortic root at a constant rate 
of 2.4 ml/sec, and the curves were recorded on the Honey- 
well multichannel recorder simultaneously with the elec- 
trocardiogram. Calibration of the curve was carried out 
with the same sampling system, with the same amount of 
dye used and added to aliquots of blood of the dog under 
study. The value for cardiac output obtained by this 
method was checked against that obtained by the Stew- 
ard-Hamilton technique in which a bolus injection of in- 
docyanine green dye was used. Fifteen comparisons in 6 
dogs were obtained, which showed little difference in the 
mean values, with a correlation coefficient of 0.93. 

Cardiac output (CO) was derived by the formula: 


Co = I (mg/min) 
Cmax (mg/liter) 
where I is the amount of dye infused and Cmax is the con- 
centration of the indicator in the plateau before recircula- 
tion of the dye. 
The end-diastolic volume (EDV) was calculated as: 
SV 
EDV = Ga = Cm — 1) 
Cmax — C(n — 1) 
where Cn = any reference concentration as outflow con- 
centration rises with each beat and SV = stroke volume. 
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TABLE | 
Treatment and 24 Hour Mortality Rate in 7 Groups Studied 


Dogs 24 Hour Mortality 
Group (no.) Drug Administered Dose Rate (%) 
Control 18 No drugs oe 50 
A 8 Phenoxybenzamine (Dibenzyline) 1-2 mg/kg 87.5 
B; 8 Norepinephrine 2-4 ug/min 62.5 
B: 8 Norepinephrine 4-6 ug/min 50 
B; 8 Norepinephrine 6-8 ug/min 37.5 
C 8 Phenoxybenzamine + norepinephrine 1-2 mg/kg + 75 
8 ug/min 
D 10 Isoproterenol alone 3-4 ug/min A 
Isoproterenol + norepinephrine l g/min + 40 
2-4 ug/min 


End-systolic volume (ESV) was calculated as: 


ESV = fn Cmax — 2C (i)] 
where C (i) is the concentration at each cardiac cycle. 
Control measurements including cardiac output and 
pressures were obtained in duplicate in the awake sedated 
dogs. The mercury was then injected slowly into the coro- 
nary artery through the inner catheter under fluoroscopic 
control and with continuous electrocardiographic record- 
ing. After embolization, the dogs were kept in a quiet 
room and were covered by a blanket to maintain body 
warmth. Recordings were taken every 15 minutes, and 
blood was drawn every hour for analysis. Water was given 
as desired. The experimental studies were started in the 
morning and continued until the end of the working day. 
All dogs received antibiotic agents routinely if they sur- 
vived beyond the day of the experiment. The incisions 
were closed and bandaged at the end of the experiments, 
and the dogs were observed until they died. 


Experimental Drug Protocol 


The drugs tested were phenoxybenzamine*, norepineph- 
rine (Levophed®) and isoproterenol. All drugs were diluted 
with 5 percent dextrose in water and administered intra- 
venously. Table I shows the amounts and combinations of 
the different drugs given. The drugs were given when 
there was a 45 to 50 percent decrease in cardiac output 
and a 30 to 40 percent decrease in left ventricular dP/dt 
and in mean aortic pressure. These levels were reached in 
a previous control group of dogs 4 to 5 hours after emboli- 
zation. It was preferred not to wait longer with the treat- 
ment since, in the control group, rapid deterioration of 
the animals 5 to 6 hours after mercury injection usually 
resulted in early death. For this reason, mean aortic pres- 
sure in some animals 3 to 4 hours after injection of mercu- 
ry was only moderately decreased when cardiac output 
reached 50 percent of the base-line level and treatment 
was started. As indicated by the control group studies, 
further decrease of cardiac output and blood pressure 
would have occurred 5 to 6 hours after injection of mercu- 
ry; however, the condition of the animals would have 
reached an irreversible stage, and the evaluation of drug 
treatment would have been less meaningful. 


*Kindly supplied as Dibenzyline® by Smith, Kline and French 
Research Laboratory, Philadelphia. 


In these experiments each dog served as its own control. 
All data were analyzed for each group by calculating 
means, standard deviations of means and probability 
values with use of standard statistical methods. 


Control Group 


Eighteen dogs were used as control animals in this ex- 
periment. Findings in this group have previously been re- 
ported in detail.1® Pressure and electrocardiographic re- 
cordings were obtained in these animals every 15 minutes 
and cardiac output and blood samples obtained hourly to 
6 to 7 hours or until the animal died. No drugs were given 
except for periodic intramuscular administration of mor- 
phine sulfate for restlessness from apparent pain. The ani- 
mals were awake and lying quietly on a blanket during 
the observation. An intravenous infusion of dextrose in 
water was started at the beginning of the experiment and 
kept on slow drip to replace any apparent loss of fluid. 


Experimental Groups 


Group A: In this group of 8 dogs, phenoxybenzamine (1 
to 2 mg/kg body weight) diluted in 100 ml of dextrose and 
water was administered over a 30 minute period. After ad- 
ministration of the drug, volume expansion with use of 
250 ml of dextrose in water was performed. The central 
venous pressure was maintained at 3 mm Hg. No other 
drugs were given and continuous monitoring was carried 
out for at least 6 hours after alpha adrenergic blockade. 

Group B: This group comprised 24 dogs treated with 
norepinephrine for at least 6 hours after signs of cardi- 
ogenic shock developed. The animals were divided into 3 
subgroups (Bi, B2, B3) of 8 dogs each treated with differ- 
ent doses of the drug (2 to 4, 4 to 6, and 6 to 8 yug/min, 
respectively). This subdivision was designed to permit 
evaluation of the most effective dose of norepinephrine, 
since it has been shown that smaller doses may be more 
effective,” and the larger the dose needed to maintain the 
level of blood pressure the worse the prognosis.25 

Group C: In this group of 8 dogs phenoxybenzamine (1 
to 2 ug/kg body weight) and norepinephrine (8 ug/min) 
were given in combination. Phenoxybenzamine was given 
first with volume expansion; administration of norepi- 
nephrine was started several minutes later and continued 
for at least 6 hours. 

Group D: In this series of 10 dogs, treatment with 
isoproterenol alone and subsequently in combination with 
norepinephrine was carried out after the onset of cardi- 
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ogenic shock. When isoproterenol was used alone, the dose 
was 3 to 4 ug/min; when it was used in combination, the 
dose was adjusted to attain the maximal hemodynamic 
response. Between the drug treatments, sufficient time 
was allowed without drugs for the hemodynamic variables 
to return to the pretreatment level. Isoproterenol was ad- 
ministered for at least 2 hours when used alone and for at 
least 6 hours when used in combination. In this group of 
animals, coronary sinus blood was drawn for biochemical 
analysis, and heart volume measurements were made 
after a steady state was achieved after each period of drug 
administration. 


Patient Studies 


In 5 consecutive patients admitted with myocardial in- 
farction and shock to the Coronary Care Unit of the Ket- 
tering Memorial Hospital, combined treatment with nor- 
epinephrine and isoproterenol was carried out. Under 
aseptic preparation and with use of local anesthesia (2 
percent Xylocaine), an 80 cm long Teflon catheter was in- 
troduced by the Seldinger technique into the left or right 
brachial artery and advanced into the aorta. A polyethyl- 
ene PE 90 catheter, 90 cm long, was inserted into the 
antecubital vein and advanced until the tip was in the su- 
perior vena cava. The catheter positions were verified by 
X-ray films. The catheters were connected to Statham 
P23Db pressure transducers, and the pressure measure- 
ments were displayed on a Honeywell oscilloscope. The 
mean pressures were obtained by electronic integration. 
The continuous monitoring of the heart rate, systolic and 
diastolic pressures, mean arterial and venous pressures 
was carried out by the use of an on-line monitoring system 
(IBM 1800 computer), and the data were displayed con- 
tinually on a television screen at the nurse’s console. The 
operation of the system has been described elsewhere.® 
Cardiac output was determined by the dye-dilution meth- 
od with use of indocyanine green dye (5 mg/ml) as a bolus 
injection into the venous catheter. Arterial blood was 
withdrawn by a Harvard constant infusion-withdrawal 
pump. Determination of cardiac output was performed in 
duplicate and repeated every 4 to 8 hours. The blood was 
reinfused to the patient. Arterial and venous blood gases 
were simultaneously determined. Blood volume measure- 
ments were made by the radioactive 131I-tagged albumin 


TABLE II 


technique. During the monitoring the catheters were con- 
tinuously flushed by heparinized 5 percent glucose in 
water solution with use of a Holter pump; about 2 ml of 
fluid was flushed through the catheter by the pump each 
minute. 

Hemodynamic monitoring, by means of the on-line 
monitoring system, was initiated on the request of the at- 
tending physician. All 5 patients had been in the coronary 
care unit for various periods of time before hemodynamic 
monitoring was started. They were treated for hypotension 
with vasopressive drugs (Aramine®, Levophed) without 
showing improvement. They were digitalized, and lido- 
caine was administered as needed to treat ventricular ar- 
rhythmias. | 

After the initial measurements were obtained, com- 
bined treatment with norepinephrine and isoproterenol 
was started. If the patient was being treated with norepi- 
nephrine, isoproterenol was added in small increasing 
doses with simultaneous reduction of norepinephrine. The 
dose of the drugs was adjusted to maintain the mean 
blood pressure at 90 to 100 mm Hg and the cardiac output 
at optimal level. 


Results 


Animal Studies, Control Group 


Control animals showed significant changes in 
some of the hemodynamic variables 1 hour after 
mercury injection. At 3 and 5 hours after injection, 
further changes occurred (Table II). Mean aortic 
pressure decreased by 23 percent at 3 hours and 29 
percent at 5 hours; cardiac output by 35 percent and 
46 percent, respectively; stroke volume by 44 and 56 
percent, respectively; and maximal left ventricular 
dP/dt by 34 and 43 percent, respectively. Heart rate 
increased by 15 percent at 3 and by 22 percent at 5 
hours, and left ventricular end-diastolic pressure in- 
creased from 2.9 to 10.1 mm Hg at 3 hours and to 
12.2 mm Hg at 5 hours after injection. The peripher- 
al resistance was relatively increased at the time 
base-line measurements were made, and further 
moderate increases occurred 3 and 5 hours after mer- 
cury injection. The high initial level of peripheral re- 


Hemodynamic Changes in 18 Control Dogs Before and 3 and 5 Hours After Injection of 0.2 ml of Metallic Mercury in the 


Circumflex Coronary Artery (mean values + standard deviation) 


SER aa ich Se a N oe Ce eee ee ee renee en ee eee ecm aor COAT ANE ER. 


HR MBP CO SV PR LVEDP LVSW LV dP/dt 
ar Rohs Tome SN ge ACIS Gy A a T A EAS NE E ED aa aN GS AD a DE ea real NSS SR ee 
Before mercury injection 143 132 3.27 23.0 3191 2.9 54.9 1975 
+20.5 413.7 +0.85 +8.5 +878 +2.06 +292 
P value* NS <0.05 <0.05 <0.01 NS <0.01 ee <0.01 
3 Hours after 164 102 2.10 12.8 4200 10.1 19.8 1310 
+28 +18.0 +1.10 +8.1 +1430 +3.40 +390 
P value* NS <0.01 <0.01 <0.01 <0.05 <0.01 ra <0.001 
5 Hours after 174 94 1.76 10.10 4350 12.2 13.6 1125 
+20 +16.0 +0.59 +4.0 +1586 +3.24 +405 


A E TE REN So PR, e a a a aea A a a a eS 


* Pyalues calculated for before mercury injection and, respectively, 3 and 5 hours after injection; ... 


statistical analysis. 


= insufficient number for 


CO = cardiac output (liters/min); HR = heart rate (beats/min); LV dP/dt = rate of change of left ventricular systolic pressure (mm 
Hg/sec); LVEDP = left ventricular end-diastolic pressure (mm Hg); LVSW = left ventricular stroke work (g-m); MBP = mean blood 
pressure (mm Hg); NS = not significant; P = probability; PR = peripheral resistance (dynes seccm~); SV = stroke volume (ml/beat). 
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TABLE Ill 


Group A: Hemodynamic Changes After Administration of Phenoxybenzamine (1-2 mg/kg) in Experimental Cardiogenic Shock 


(8 Dogs) (mean values + standard deviation) 


HR MBP CO SV PR LVEDPt LVSW LV dP/dt 
REE Lc E PO R a PAE NS SE ER PP ABS T, AET ae ORES Rae YA een oe Nie eee ee 
Control 143 129 354 21.7 3321 4.0 35.4 1960 
+32.86 +20.6 +0.46 +6.79 +739.4 +3.4 +10.06 +244.6 
P NS NS <0.01 <0.01 <0.01 ae <0.01 <0.01 
Shock 169 105 1.56 9.2 5890 15.6 15.4 1383 
+28.03 +18.16 +0.19 +1.2 +395.17 +16.2 +4.02 +239 
P? NS <0.01 NS NS <0.01 eR NS NS 
Phenoxybenzamine 190 67 2.14 11.0 2524 6.0 11.09 1133 
+46.58 +9.64 +0.83 +3,1 +1174.5 +3.16 +5.1 +262 





* Statistical difference between shock state and after phenoxybenzamine therapy. 


t Only in 3 dogs. 
Abbreviations as in Table II. 


sistance was probably due to the aftereffect of pento- 
barbital anesthesia. Although the animals were al- 
ready awake at the time base-line measurements 
were made, vasoconstriction and tachycardia proba- 
bly persisted for some time after the period of anes- 


thesia. There was a marked difference between the 
level of peripheral resistance during the base-line 
state and that in the state after injection of mercury, 
when cardiac output was already precipitously re- 
duced. 


TABLE IV 


Hemodynamic Changes After Administration of Increasing Doses of Norepinephrine in Experimental Cardiogenic Shock 
(mean values + standard deviation) 























HR MBP CO SV PR LVEDP LVSW LV dP/dt 
Group B;: Norepinephrine, 2-4 ug/min (8 dogs) 
Control 162 132.8 3.25 20.4 3261 3 34.5 1781 
+14.7 +11.9 +1.03 +7.9 +1342 +0.6 +20 +377 
P NS <0.01 <0.01 <0.01 <0.03 <0.01 <0.01 <0.01 
Shock 166 89 1.53 9.2 4516 12 11.22 1035 
+25.9 +14.1 +0.5 +2.8 +1799 +9,.4 +4.69 +309 
pt NS NS NS NS NS NS NS = .06 
Norepinephrine 173 93.6 1.44 8.45 5192 13.36 11.5 1338 
+27.8 +14.7 +0.35 +2.1 +2507 +5.4 +2.7 +348 
Group B2: Norepinephrine, 4-6 g/min (8 dogs) 
Control 168.7 135 3.18 18.97 3392 1.85 30.67 1671 
+16.3 +7.4 +0.83 +6.0 +1228 +3.48 +12.3 +282 
P NS <0.01 <0.01 <0.01 <0.03 <0.01 <0.01 <0.01 
Shock 170.2 84.4 1.49 9.4 4418 8.4 11.79 880 
+20 +27.1 +0.30 +2.5 +1350 +3.4 +4.1 +403 
P3 NS NS = 0.06 +0.07 NS NS NS NS 
Norepinephrine 164 93.8 1.86 12.9 4029 9.5 17.5 1140 
+25.2 +24.4 +0.3 £3.5 +1531 +4.4 +6.2 +445 
Group B;: Norepinephrine, 6-8 wg/min (8 dogs) 
Control 167 121 3.72 22.7 2598 2 40.9 1950 
+14.2 +15.2 +0.97 +8.1 +960 +2.4 +16.6 +341 
P NS <0.01 <0.01 <0.01 <0.02 <0.01 <0.01 <0.01 
Shock 170 86.5 1.81 11.3 3818 14.1 14.95 1367 
+59.3 +14.4 +0.45 +42.5 +1238 +10.4 +4.0 +240 
p” NS NS = 0.06 NS NS NS NS +0.07 
Norepinephrine 162 96 2625 14.5 3409 15 18.97 1633 
+40 +13.6 +0.61 +4.1 +1449 +5.8 45.3 +275 





* Statistical difference between values during the shock and those after norepinephrine thera py. 
Abbreviations as in Table II. 
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TABLE V 


Group C: Hemodynamic Changes After Combined Administration of Norepinephrine (6-8 .g/min) and Phenoxybenzamine 
(1-2 mg/kg) in Experimental Cardiogenic Shock (8 dogs) (mean values + standard deviation) 


i ee On a a a i 


HR MBP co SV PR LVEDP LVSW LV dP/dt 
TA TENE A a POS EA Ce O ee ae O ee E ed eee ea S E e 
Control 160 125 3.78 24.1 2639 1 43 1675 
+16.7 +17.1 +1.0 +8.8 +1130 +0.6 +18.2 
P NS NS <0.01 <0.01 <0.01 <0.01 <0.01 stele 
Shock 165 110 1.82 10.1 4828 10.9 18.13 1250 
+21.3 +13.6 +0.38 +2.6 +1286 +3,3 +3.49 
Pe NS <0.01 NS NS <0.01 <0.05 NS ine 
Norepinephrine and 176 66.7 2.49 15.1 2140 5 15.4 1500 
phenoxybenzamine +40.7 +14.7 +0.75 +3.92 +1305 +4.9 +5.04 





* Statistical difference between values during the shock state and those after norepinephrine and phenoxybenzamine therapy. 


Abbreviations as in Table Il. 


Nine of the 18 dogs died within the first 24 hours 
when no treatment, except for antiarrhythmic medi- 
cation, was given, thus making the mortality rate in 
the first 24-hours 50 percent in the control group. 


Drug Studies 


Group A: After administration of phenoxybenza- 
mine and volume expansion, the average mean blood 
pressure further decreased, with a concomitant de- 
crease in systemic peripheral resistance (Table III). 
The cardiac output increased from 1.56 + 0.19 to 
2.14 + 0.83 liters/min, and a small increase in stroke 
volume occurred. However, although the average 
cardiac output increased, it increased in only 4 dogs, 
did not change in 2 dogs and decreased in 2 dogs. 
The average heart rate did increase as the blood 
pressure decreased, thereby indicating that the re- 
flexes remained intact in this experimental group. 
Stroke work and maximal left ventricular dP/dt 
both decreased. Left ventricular end-diastolic pres- 
sure also decreased. The overall significance of the 
latter change is unclear. Three of the dogs had frank 
pulmonary edema 30 minutes to 2 hours after drug 
infusion and died. Four additional dogs died within 
the next 12 hours. One dog lived for 4 days. The 24 
hour mortality rate in the whole group was therefore 
high (7 of 8 animals). 

Group B: This group was subdivided into 3 
subgroups in order to test the hemodynamic effect of 
norepinephrine in increasing dose levels (Table IV). 

Subgroup Bı: With a dose of norepinephrine of 2 
to 4 ug/min, mean blood pressure increased only 
slightly whereas cardiac output and stroke volume 
further decreased. Left ventricular maximal dP/dt 
increased from the low level of 1,035 + 309 mm Hg/ 
sec after injection of mercury to 1,338 + 348 mm 
Hg/sec (P = 0.06). There were minimal increases in 
calculated stroke work and left ventricular end-dia- 
stolic pressure. Although the average cardiac output 
and stroke volume decreased with treatment, they 
were unchanged in 4 dogs. 

Subgroup Bz: Norepinephrine in a dose of 4 to 6 
g/min slightly increased cardiac output and stroke 
volume (1.49 + 0.3 to 1.86 + 0.3 liters/min [P = 
0.06] and 9.4 + 2.5 to 12.9 + 3.5 ml/beat, respective- 


ly) and decreased peripheral resistance. Since the in- 
crease in cardiac output was more than the concomi- 
tant increase in mean blood pressure, calculated sys- 
temic peripheral resistance actually decreased. 

Subgroup B3: Norepinephrine in a dose of 6 to 8 
ug/min resulted in somewhat greater increase of car- 
diac output and left ventricular maximal dP/dt. 
However, the changes in stroke volume, left ventric- 
ular stroke work, left ventricular end-diastolic pres- 
sure and mean aortic pressure were slight and not 
significant. Peripheral resistance did not increase; 
rather, it showed a tendency to decrease as a result 
of the greater increase in cardiac output than in aor- 
tic pressure. 

Within the dose range used in Group B (2 to 8 
ug/min) norepinephrine slightly increased cardiac 
output, stroke volume, stroke work, and left ventric- 
ular maximal dP/dt although the changes did not 
reach statistical significance. The left ventricular 
end-diastolic pressure increased in the entire dose 
range studied; however, none of the dogs showed 
signs of pulmonary edema despite the increase in 
this pressure. The immediate mortality rate (within 
24 hours) for the whole Group B was 50 percent (12 
of 24 dogs). The mortality was somewhat greater 
when norepinephrine was used in a dose of 2 to 4 
ug/min (5 of 8 dogs for Group By, 4 of 8 for Group 
Bə and 3 of 8 for Group Bs). 

Group C: Phenoxybenzamine, 1 to 2 mg/kg intra- 
venously, with volume expansion and norepineph- 
rine, 6 to 8 wg/min, was used in this group (Table 
V). The hemodynamic responses after 6 to 8 hours of 
norepinephrine therapy after alpha adrenergic block- 
ade were almost similar to those observed after alpha 
adrenergic blockade alone (Group A, Table III). The 
significant decrease in mean blood pressure and pe- 
ripheral resistance that occurred after infusion of 
phenoxybenzamine persisted and could not be re- 
versed with norepinephrine. Despite a significant de- 
crease in left ventricular end-diastolic pressure after 
combined treatment and an improvement in cardiac 
output, pulmonary edema developed in 3 dogs. 
Therefore, the addition of norepinephrine did not 
prevent it, and this finding remained the same as 
among the dogs in Group A. However, the left ven- 
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TABLE VI 


Group D: Hemodynamic Changes After Sequential Administration of Isoproterenol Alone and in Combination with Norepinephrine 
in Experimental Cardiogenic Shock (10 dogs) (mean values + standard deviation) 


SV PR LVEDP LVSW LV dP/dt 
19.6 3318 4.1 37.9 2014 
+5.8 +1036 +3.1 +12 +412 
<0.001 <0.001 <0.001 <0.01 <0.001 
8.7 5626 14.2 13.1 1242 
+1.9 +709 +9.8 £3.9 +307 
NS 0.001 NS NS 0.001 
9.3 3591 8.4 12.8 1910 
me md FY +1063 +5.6 19,3 42335 
<0.04 <0.001 NS NS <0.03 
14.3 2351 7.6 16.5 1990 
+6.3 +1314 +4.3 +8.4 +756 


HR MBP CO 
Control 162 132.5 3.19 
+15 +8.7 +0.8 
P NS <0.001 <0.001 
Shock 165 100 1.42 
+22.8 +10.7 +0.24 
p* 0.04 0.001 NS 
Isoproterenol 194 80 1.78 
(2-4 ug/min) +24 +15.1 40.5 
Pt <0.04 <0.001 <0.01 
Norepinephrine 194 78 2.65 
(2-4 ug/min) +24.9 +13.2 +1.0 
and 
isoproterenol 
(1-4 ug/min) 


* Statistical difference between values during the shock state and those after isoproterenol therapy. 
+ Statistical difference between values during the shock state and those after norepinephrine and isoproterenol therapy. 


Abbreviations as in Table II. 


tricular maximal dP/dt did increase with additional 
norepinephrine (Table V), thus indicating that beta 
adrenergic effect was manifest, whereas phenoxyben- 
zamine alone caused decrease in myocardial contrac- 
tility. The 24 hour mortality rate in this group was 
75 percent (6 of 8 dogs). 

Group D: Isoproterenol alone and in combination 
with norepinephrine was used in this group (Table 
VI). Isoproterenol was administered in a dose of 2 to 
4 ug/min for 2 hours starting 3 to 4 hours after in- 
jection of mercury. With isoproterenol a significant 
increase in heart rate and decrease of mean blood 
pressure occurred. A similar significant decrease in 


TABLE VII 


peripheral resistance was seen. Myocardial contrac- 
tility as measured by left ventricular maximal dP/dt 
showed a significant increase (from the shock level of 
1,242 + 307 to 1,910 + 335 mm Hg, [P <0.001]). How- 
ever, the increase in cardiac output was small. 
Tachyarrhythmias became manifest during adminis- 
tration of isoproterenol, and periods of ventricular 
tachycardia were observed. 

Myocardial excess lactate increased from +0.7 + 
0.94 moles/liter during shock to +1.039 + 0.79 moles 
/liter (Table VII). The modified tension-time index, 
measured as pressure-rate index, increased from 
1,952.12 + 616.1 (shock level) to 2,130.2 + 554.3 mm 


Changes in Left Ventricular Volumes and Excess Lactate After Isoproterenol Alone and in Combination with Norepinephrine 


(10 dogs) (mean values + standard deviation) 


EDV ESV 
(ml) (ml) 
Control 73.8 48 
+14.23 +16.06 
re <0.001 <0.001 
Shock 104.43 86.38 
+22.58 +19.78 
P+ NS NS 
Isoproterenol 99.77 81.12 
+22.24 +24.73 
Pt <0.01 <0.01 
Norepinephrine and 76.86 55.5 
isoproterenol +15.63 423.2 


Excess Lactate 


EF (moles/liter) PRI 
0.361 —0.013 2372 
+0.158 +0.436 +823.1 
NS NS NS 
0.171 0.700 1952.12 
+0.070 +0.949 +616.1 
NS NS NS 
0.185 1.039 2130.2 
+0.121 +0.795 +554.3 
= 0.07 <0.02 NS 
0.292 —0.56 2322.8 
+0.206 +0.90 +343.6 


* Statistical difference between values in control studies and those during shock. 

t Statistical difference between values during shock and those after isoproterenol therapy. 

ł Statistical difference between values during shock and those after norepinephrine and isoproterenol therapy. 

EDV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume; PRI = modified tension-time index. Other abbrevia- 


tions asin Table Il. 
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Isoproterenol - Alone and in 
Combination with Norepinephrine 
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Hg/min with isoproterenol, thereby indicating an in- 
crease in myocardial oxygen consumption. The end- 
diastolic and end-systolic volumes significantly in- 
creased after injection of mercury (from 73.8 + 14.23 
ml [control] to 104.43 + 22.58 ml and from 48 + 
16.06 ml [control] to 86.38 + 19.78 ml, respectively). 
Isoproterenol did not significantly decrease heart 
volume (Table VII). 

Isoproterenol was discontinued after 2 hours of 
continuous administration for 30 minutes to 1 hour 
to allow the hemodynamic variables to return to the 
pretreatment level. Then simultaneous intravenous 
infusion of isoproterenol and norepinephrine was 
started. The dose of norepinephrine was adjusted to 
maintain the mean blood pressure between 90 and 
100 mm Hg. Isoproterenol was added until cardiac 
output reached maximal increase. The usual dose 
needed for norepinephrine was 2 to 4 ug/min and for 
isoproterenol, 1 ug/min. A significant increase in 
cardiac output and stroke volume was maintained 
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FIGURE 1. Hemodynamic and metabolic changes before 
and during shock and after isoproterenol and isoprotere- 
nol combined with norepinephrine. Horizontal bars above 
thick bars indicate 1/2 standard deviations. The changes 
between bars are significant at the percent level where 
no stars are present. Statistical significance is calculated 
between bars are significant at the 2 percent level where 
alone and in combination with norepinephrine (not be- 
tween isoproterenol and isoproterenol plus norepineph- 
rine). Note improvement in ejection fraction and excess 
lactate levels with combined treatment. CO = cardiac 
output; EDV = left ventricular end-diastolic volume; EF = 
ejection fraction; ESV = left ventricular end-systolic vol- 
ume; HR = heart rate; LV dP/dt = first derivative of the 
left ventricular pressure pulse; LVEDP = left ventricular 
end-diastolic pressure; LVSW = left ventricular stroke 
work; MBP = mean blood pressure; PR = peripheral re- 
sistance; PRI = pressure-rate index (modified tension- 
time index); SV = stroke volume. 


for several hours (increase from 1.42 + 0.24 liters/ 
min to 2.65 1.0 liters/min and from 9.3 ml/beat to 
14.3 ml/beat, respectively). The left ventricular 
maximal dP/dt also increased significantly. The cal- 
culated left ventricular stroke work increased and 
the left ventricular end-diastolic pressure declined 
from 14.2 + 9.8 mm Hg during shock to 7.6 + 4.3 mm 
Hg during drug infusion. The peripheral resistance 
showed a 45 percent decrease. The magnitude of the 
changes was greater than that achieved with isopro- 
terenol alone (Fig. 1). Except for very occasional pre- 
mature ventricular contractions, no serious arrhyth- 
mias were noted. 

The hemodynamic improvements were reflected in 
the myocardial oxygen consumption as indicated by 
the increased ejection fraction produced by the 
greater decrease in end-systolic than in end-diastolic 
volume (Fig. 1). The myocardial excess lactate de- 
creased from +0.7 + 0.94 to —0.56 + 0.90 moles/ 
liter (P <0.01) (Table VII). This reversal of myocar- 
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dial anaerobic metabolism occurred while left ven- 
tricular stroke work increased, thus indicating more 
efficient utilization of oxygen. Reversal of myocardial 
lactate production to lactate utilization occurred 
only with this combined treatment. Isoproterenol 
and norepinephrine alone, although they increased 
left ventricular stroke work, did so by simultaneously 
increasing myocardial lactate production (Fig. 2). 
The overall 24 hour survival rate in this group was 
60 percent (6 of 10 dogs). 


Patient Studies 


Encouraged by the favorable experimental results 
of the combined treatment with isoproterenol and 
norepinephrine, we treated 5 consecutive patients 
with myocardial infarction and cardiogenic shock in 
the same manner. The ages of the patients ranged 
from 34 to 56 years. There were 4 men and 1 woman. 
Three had been diagnosed as having anteroseptal, 1 
anterolateral and 1 inferolateral myocardial infarc- 
tion. All fulfilled the clinical criteria of shock, having 


TABLE VIII 


FIGURE 2. Relation of myocardial excess 
lactate to left ventricular stroke work 
(LVSW) before and during isoproterenol, 
norepinephrine and combined treatment in 
shock. The best effect on these variables 
occurs with combined treatment. 


+15 +2.5 


cold clammy limbs, impaired sensorium and hypo- 
tension. Hemodynamic monitoring was started at 
different time intervals after admission (10 hours to 
4 days) depending on when the signs of clinical shock 
developed and when the attending physician re- 
quested monitoring. All patients were treated with 
Aramine or Levophed before monitoring. The aver- 
age mean blood pressure was 63 mm Hg, and the av- 
erage cardiac output 2.7 liters/min at the start of 
hemodynamic monitoring and before institution of 
combined treatment (Table VIII). Treatment with 
norepinephrine was started at a dose of 2 to 4 ug/ 
min to which 1 to 2 uwg/min of isoproterenol was 
added. The dose was adjusted until the most favor- 
able results in cardiac output and mean blood pres- 
sure resulted (Fig. 3). The most frequent combina- 
tion maintenance dose was 1 ug/min of isoproterenol 
and 4 ywg/min of norepinephrine. Monitoring and 
combined treatment were continued for 24 to 60 
hours (averaging 39 hours). The average cardiac out- 
put increased from 2.7 liters/min before treatment, 


Hemodynamic Findings in 5 Patients During Shock (S) and After Treatment (T) with Isoproterenol and Norepinephrine 








Duration 
of Moni- 
HR PR 
Case Age (yr) Infarct Location tories Me 3 Wa E S DNES 
no. & Sex by ECG (hr) S T T S T S T S T 
1 34M Ant sept + lat 38 140 90 65 85 2:2 3.8 16 42 2600 1800 
2 56M Ant sept 60 120 70 60 90 2.9 6.4 24 91 2800 1380 
3 56F Ant sept 24 95 75 75 90 3.0 5.6 31 74 2900 1400 
4 44M Ant lat 24 120 102 76 79 3.3 6.1 27 59 3070 1888 
5 53M Inf 48 97 119 40 74 2.4 a1 24 27 2220 3179 
Average 39 114 91 63 83 ray | 5.0 24 55 2720 1930 





Ant = anterior; inf = inferior; lat = lateral; sept = septal. 
Other abbreviations as in Table II. 
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to 5.0 liters/min, and the mean blood pressure in- 
creased from 63 to 83 mm Hg. Within 24 hours of 
treatment, there was a remarkable, although vari- 
able, clinical improvement, and the urinary output 
became normal. All 5 patients who appeared to be 
poor risks at the start of the monitoring responded to 
the treatment irrespective of the drug they had pre- 
viously been given. They were eventually weaned 
from the drugs, and blood pressure levels were sus- 
tained. By the time hemodynamic monitoring was 
stopped and catheters were removed, all patients 
were doing quite well and 4 were later discharged 
from the hospital. One patient (Case 3) who has had 
diabetes and hypertension for 10 years and had con- 
comitant kidney disease experienced complications 
of renal failure and venous thrombosis and died 10 
days after therapy. 


Discussion 


The presented investigations have shown that se- 
lective injection of mercury into the circumflex coro- 
nary artery of dogs provides a reliable technique for 
the production of a hemodynamic and metabolic 
state resembling cardiogenic shock. In the 18 control 
experiments mercury injection with antiarrhythmia 
treatment alone resulted in consistent and progres- 
sive hemodynamic and metabolic deterioration, with 
a 50 percent 24 hour and a 78 percent 48 hour mor- 
tality rate. The model lent itself to evaluation of the 
response to sympathetic stimulating and blocking 
drugs and their potential usefulness in the treatment 
of the hemodynamic defects in cardiogenic shock and 
low output state after myocardial infarction. In the 
control group, cardiac output, mean blood pressure 
and other measured variables showed progressive de- 
terioration during the monitoring up to 5 to 6 hours 
after mercury injection. However, cardiac output de- 
creased more rapidly and was at 40 to 45 percent of 
the control level only 2 to 3 hours after mercury in- 
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jection, whereas mean blood pressure decreased more 
gradually. We therefore started drug treatment in 
the experimental group within 3 to 4 hours after 
mercury injection when cardiac output and left ven- 
tricular dP/dt were decreased by 40 to 45 percent 
and the trend indicated that further decreases subse- 
quently would occur. Mean blood pressure, although 
it also decreased significantly at this time, in some of 
the groups had not decreased to levels usually con- 
sidered compatible with the shock state. However, 
further decrease would have occurred without treat- 
ment, as it did in the control group, which could 
have made the model unresponsive to any drug 
treatment. We therefore elected to start treatment 3 
to 4 hours after mercury injection when cardiac out- 
put and dP/dt were decreased by 40 to 50 percent 
and the peripheral vascular bed as well as the reflex 
mechanisms were presumably still responsive. 
Phenoxybenzamine: In the experimental groups 
the least effective and most detrimental treatment 
for the hemodynamic status and 24 hour survival 
rate was the alpha adrenergic blocking agent 
phenoxybenzamine with volume expansion, alone 
and in combination with norepinephrine. The slight 
improvement in cardiac output and stroke volume 
was not significant, and death usually resulted early 
during the treatment. Since the terminal event was 
in every instance due to pulmonary edema, despite 
decreased left ventricular end-diastolic pressure, it 
can be postulated that this complication was the re- 


sult of a direct effect of phenoxybenzamine on pul- 


monary capillary permeability. This was also the ex- 
perience of others in patients.® Thus, the reduction 
of afterload by reducing peripheral resistance with 
phenoxybenzamine alone or in combination with 
norepinephrine, although theoretically desirable, was 
not effective in our dogs, and we could not confirm 
the positive observations of Dietzman and co-work- 
ers.’ | 


FIGURE 3. Hemodynamic measurements in 
a 56 year old man with anterolateral myo- 
cardial infarction before and after combined 
treatment with isoproterenol and norepineph- 
rine. Note low cardiac output and high pe- 
ripheral resistance levels before combined 
treatment and improvement after treatment 
with isoproterenol and norepinephrine. BP = 
blood pressure (mm Hg); CO = cardiac out- 
put (liters/min); PR = peripheral resistance 
(dynes sec cm-*); SV = stroke volume 
(mi /beat). 
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Norepinephrine: The theory that adequate coro- 
nary perfusion pressure may be maintained with va- 
sopressive agents that may preserve the viability of 
the ischemic myocardium was tested by the use of 
norepinephrine. No reliable mortality data compar- 
ing treated and untreated cases of cardiogenic shock 
with norepinephrine and metaraminol are available. 
Reports of clinical experience indicate that the con- 
dition of some patients may improve with the use of 
vasopressive agents.°:!4 On the other hand, some in- 
vestigators believe that a maximal systemic vasocon- 
striction already exists in cardiogenic shock and that 
the vascular system cannot further react. Work load 
on the heart and oxygen demand of the ischemic 
myocardium may also further increase with adminis- 
tration of norepinephrine. In our experiments, small 
doses of norepinephrine increased peripheral resis- 
tance as a result of the alpha adrenergic effect of this 
agent, whereas medium doses resulted in a slight in- 
crease-of cardiac output and no significant change in 
peripheral resistance. At this dose level the beta ad- 
renergic stimulating effect was greater. The increase 
in cardiac output was not sufficient to improve the 
overall hemodynamic status. The increased left ven- 
tricular stroke work was at the expense of decreased 
oxygen utilization during treatment with norepi- 
nephrine. | 

Isoproterenol: The beta adrenergic stimulator 
isoproterenol increased cardiac output only slightly 
and decreased peripheral resistance as expected. 
However, it failed to decrease end-diastolic and end- 
systolic volumes and further increased the already 
present anaerobic myocardial metabolism. The posi- 
tive inotropic effect of isoproterenol was offset by the 
reduction of coronary perfusion pressure which was 
not compensated for by a sufficient increase in cardi- 
ac output. Similar observations have been made by 
others in experimental animals® and in clinical stud- 
ies.11 Gunnar et al.? showed an ineffective response 
to isoproterenol in patients and believed that reduc- 
tion in arterial perfusion pressure was responsible for 
the adverse results. 

Combined isoproterenol and norepinephrine: 
When isoproterenol was combined with norepineph- 
rine a significant increase in cardiac output, stroke 
volume and left ventricular maximal dP/dt occurred. 
The average dose of isoproterenol and norepineph- 
rine required to achieve these hemodynamic im- 
provements was relatively small. Apparently the 
beta adrenergic stimulating effect of isoproterenol 
and the alpha adrenergic stimulating effect of nor- 
epinephrine maintained an optimal balance in 
achieving maximal hemodynamic benefit. This also 
was manifested by the reversal from anaerobic to 


aerobic myocardial metabolism. The left ventricular 
excess lactate production consistently decreased 
(Fig. 1 and Table VII). Norepinephrine was shown to 
increase myocardial oxygen consumption by its posi- 
tive inotropic effect and thus restore aerobic myocar- 
dial metabolism both in experimental animals?7.28 
and in patients.!! However, our findings confirm the 
report of Kuhn et al.8 that isoproterenol can induce 
anaerobic metabolism in the ischemic heart. It 
would be logical to assume that, with combined 
treatment, as shown in our experiments, the adverse 
metabolic effect of isoproterenol due to relative de- 
crease of coronary flow was balanced by the in- 
creased perfusion pressure caused by the addition of 
norepinephrine. These events presumably led to an 
actual or relative increase in coronary blood flow; 
however, no data regarding coronary blood flow are 
available. The significant reduction of the end-dia- 
stolic and end-systolic volumes is probably the result 
of improved myocardial contractility of the nonin- 
farcted and bordering ischemic muscle, which must 
have been suppressed in the shock state by factors 
not yet well understood. 

Clinical implications: As a result of our favorable 
experimental results, we have used this treatment 
successfully in patients with severe cardiogenic 
shock. Although the number of patients treated is 
too small to have proved the value of this treatment, 
and the 2 conditions—the mercury animal model 
and human myocardial infarction—have different 
underlying mechanisms, the results are sufficiently 
impressive to warrant further trial of this treatment. 
However, we emphasize the importance of perform- 
ing measurements of cardiac output and central aor- 
tic and pulmonary arterial diastolic (indirect left 
ventricular end-diastolic) pressures as a guide in in- 
dividually adjusting any blood volume changes, if 
present, and the dose of isoproterenol and norepi- 
nephrine for most effective treatment. It is most im- 
portant that, in addition to the maintenance of ade- 
quate perfusion pressure with moderate decrease of 
peripheral resistance, an adequate increase in cardi- 
ac output is also achieved. Only frequent measure- 
ments of cardiac output and continuous direct pres- 
sure measurements will allow careful titration and 
individual adjustment of the dose of each drug. In 
recent reports Loeb et al.29 have shown that dop- 
amine may possess the attributes of the synergistic 
effect shown here for isoproterenol and norepineph- 
rine. Whether dopamine has as advantageous a ratio 
of alpha and beta stimulating properties as could be 
obtained by individual dose adjustment of isopro- 
terenol and norepinephrine in this study will have to 
be evaluated by further investigations. 
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Eighty-two cardiac catheterizations were performed in 72 children 
with complete transposition of the great arteries; vectorcardiograms 
(Frank lead) and orthogonal electrocardiograms were obtained in all 
cases within 24 hours. Fifty-six of these studies were performed in 
children with an additional ventricular septal defect, and 26 in chil- 
dren with an intact ventricular septum. There was a significant cor- 
relation between the ratio of the right and left maximal spatial vec- 
tors and the S/R ratio in lead X of the orthogonal lead electrocardio- 
gram. A clockwise loop in the horizontal vector or an S/R ratio of 
more than 2:1 suggested decreased left ventricular pressure, 
whereas a counterclockwise or figure-of-8 loop in the horizontal 
plane or an S/R ratio of less than 2:1 in lead X of the orthogonal 
electrocardiogram suggested increased left ventricular pressure. 
Nineteen additional patients with transposition of the great arteries 
were studied in the same way. With use of the direction of rotation 
of the horizontal loop and the S/R ratio in lead X, left ventricular 
pressure was correctly predicted in 84 percent of cases. 

After cardiac catheterization has established the diagnosis of 
transposition of great arteries, repeat vectorcardiograms should be 
obtained to determine left ventricular pressure. In a patient with ini- 
tially decreased left ventricular pressure, change to a figure-of-8 or 
counterclockwise loop or the presence of an S/R ratio in lead X of 
less than 2.0 suggests the development of a systemic level of left 
ventricular pressure. This finding is an indication for repeat catheteri- 
zation. 


Transposition of the great arteries is a well recognized congenital 
cardiac lesion that originally had a mortality rate of 95 percent by 
age 2 years.t The most important advances in the management of 
this lesion were a totally corrective operation described by Mustard? 
in 1964, and a balloon atrial septostomy performed at cardiac cathe- 
terization described by Rashkind and Miller? in 1966. Survival dur- 
ing the neonatal period depends on adequate mixing of blood from 
the pulmonary and systemic circulations produced naturally or as 
the result of palliative procedures to maintain life until the child is old 
enough to undergo total corrective surgery. 

In these patients it is important to determine the level of pressure in 
the left ventricle, since increasing pressure in this chamber indicates 
development of pulmonary stenosis or progressive pulmonary vascu- 
lar disease. Such measurements now require performance of repeat 
cardiac catheterizations that might be avoided if serial electrocardio- 
grams could provide the necessary data. Restieaux et al.4 suggested 
that low left ventricular pressure can be predicted from a low left 
maximal spatial vector with clockwise rotation in the horizontal 
plane. By using the S/R ratio in lead X of the orthogonal (Frank) 
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electrocardiogram in addition to direction of inscrip- 
tion of the horizontal loop, we have been able to pre- 
dict left ventricular pressure more accurately than by 
use of the horizontal loop inscription alone. The X, Y 
and Z leads of the Frank electrocardiogram provide all 
the information available from the 3 planar loops. 
However, the horizontal loop is also used because the 
direction of rotation is easier to determine from this 
inscription than from analysis of the X and Z leads. 


Material and Methods 


Eighty-two cardiac catheterizations were performed in 
72 children with complete transposition of the great arte- 
ries; vectorcardiograms (Frank lead) and orthogonal elec- 
trocardiograms were obtained in all cases within 24 hours 
(Table I). Fifty-six of these studies were performed in 
children with an additional ventricular septal defect, and 
26 in children with an intact ventricular septum. The 
children ranged in age from 3 days to 9 years. 

Eighteen children had had no cardiac surgery or balloon 
atrial septostomy; 18 had had a previous balloon septos- 
tomy and 11 a Blalock-Hanlon and 11 a Sterling-Edwards 
procedure® before analysis of the vectorcardiograms 
(Table I). Two years before the study, Patient 40 under- 
went pulmonary arterial banding and a Sterling-Edwards 
procedure and Patient 21 ligation of a patent ductus arte- 
riosus and pulmonary arterial banding. Patient 31 under- 
went right Blalock anastomosis 3-1/2 years before the 
study and Patient 15 a Glenn anastomosis 4-1/2 years be- 
fore the study. All other pulmonary arterial bandings, ar- 
terial to pulmonary shunts and Glenn anastomoses were 
performed after the initial vectorcardiographic studies de- 
scribed in Table I. 

The next 19 patients with transposition of the great 
arteries seen in our department underwent cardiac cathe- 
terization; a Frank lead vectorcardiogram and orthogonal 
electrocardiogram were obtained within 24 hours as in the 
original group (see Table IV). 

Vectorcardiograms: The vectorcardiogram was record- 
ed on photographic paper by means of a specially de- 
signed Electronics for Medicine DR-8 recorder. Patients 
were in the supine position, and the chest electrodes were 
in the fourth interspace with use of the Frank system of 
electrode placement.® The frontal and horizontal QRS 
vector loops were recorded simultaneously from the same 
heartbeat. The point on the frontal loop that was farthest 
to the right of the E point was marked and, with use of a 
set-square, the projection of this point was measured on the 
X and Y leads. The point on the horizontal loop that was 
farthest to the right of the E point was marked and, with 
the use of a square, the projection of this point was mea- 
sured on the Z lead. 

In this way the maximal voltage to the right was mea- 
sured on each of the X, Y and Z leads. By means of the 
Pythagorean theorem (spatial voltage = V X2 + Y? + Z?) 
the maximal rightward voltage was then calculated by 
computer. The resulting value was the same as that of the 
spatial voltage at the deepest point of the S wave in lead 
X of the orthogonal Frank electrocardiogram. By the same 
method, the point farthest to the left of the E point was 
measured by hand on the X, Y and Z leads, and the max- 
imal leftward spatial voltage was calculated by computer. 
The computer also calculated the ratio of maximal right 
spatial voltage to maximal left spatial voltage. The X, Y 
and Z leads were then recorded simultaneously. The S and 
R waves in lead X were measured by hand, and the S/R 
ratio in lead X was calculated by computer. 


TABLE | 
Summary of Findings 





no. of Cases 
Horizontal loop rotation in the vectorcardiogram 
Clockwise loop 44 
Figure-of-8 loop 17 
Counterclockwise loop 21 


Ratio of right maximal spatial vector to left maximal 
spatial vector 
Ratio <2.5:1 63 
Ratio >2.5:1 19 


Ratio of S/R in lead X of the orthogonal 
electrocardiogram 


Ratio <2.0:1 38 
Ratio >2.0:1 44 
Ratio of right ventricular pressure to left ventricular 
pressure 
Ratio <1.2:1 45 


Ratio >1.2:1 37 


Hemodynamics: Cardiac catheterization was performed 
without sedation in newborn patients and with a sedative 
mixture of Largactil®, Phenergan®, and Demerol®’ in 
older patients. Nonsimultaneous peak right and left ven- 
tricular pressures were recorded, and the ratio was calcu- 
lated. The ratio of the right maximal spatial vector to the 
left maximal spatial vector and the S/R ratio in lead X 
were compared to the ratio between peak right ventricular 
pressure and peak left ventricular pressure found at cath- 
eterization. The direction of rotation of the horizontal 
loop was also compared to the ventricular pressure ratio. 


Results 


Table I summarizes the horizontal loop rotation of 
the vectorcardiograms and the ratios of right to left 
maximal spatial vectors, S to R in lead X and right 
to left ventricular pressure in the 82 investigations of 
72 cases. The following correlations become evident: 

1. The ratio of the right maximal spatial vector to 
the left maximal spatial vector was correlated with 
the S/R ratio in lead X of the orthogonal electrocar- 
diogram. The regression coefficient was +0.69 (sig- 
nificant at the confidence level of P < 0.001). 

2. The direction of the horizontal loop in the vec- 
torcardiogram (Table II) was compared with the 
ratio of right ventricular to left ventricular pressure. 
In 67 percent of all studies in which the left ventricu- 
lar pressure was at a systemic level, the horizontal 
loop had a figure-of-8 or counterclockwise direction; 
in 79 percent of studies in which left ventricular 
pressure was decreased, the loop was clockwise. Be- 
cause the right and left ventricular pressures’ were 
obtained sequentially rather than simultaneously, a 
ratio of right ventricular to left ventricular pressure 
equal to or less than 1.2 was considered to indicate a 
systemic level of pressure in the left ventricle. 

3. The S/R ratio in lead X of the orthogonal 
(Frank) lead electrocardiogram was correlated with 
the left ventricular pressure (Table II). Fifty-nine 
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R/L VENTRICULAR 
PEAK SYSTOLIC 
PRESSURE 





1 2 3 4 5 6 7 8 9 
S/R IN THE X LEAD 


TABLE Il 


Correlation of Horizontal Loop Direction and S/R Ratio in 
Lead X with Ratio of Peak Systolic Pressures in the Right 
and Left Ventricles* 


Horizontal Loop 
Direction 


Counter- 
ee S/R in Lead X 
r 


Clockwise Figure-of-8 >2.0 <2.0 


Systemic LVP+ 15 30 18 27 
Decreased LVPt 29 8 26 11 
“Index of merit" l= 0.45 (+0.10) |=0.30(+0.10) 


* Correlation coefficient of loop direction to ratio of peak 
ventricular pressure is r = +0.48, t = 4.68, P <0.01. _ 

+ Ratio of peak systolic pressure in right ventricle to that in 
left ventricle <1.2. 

t Ratio of peak systolic pressure in right ventricle to that in left 
ventricle >1.2. 


TABLE Ill 


Correlation of Horizontal Loop Direction and S/R Ratio in 
Lead X with the Ratio of Peak Systolic Pressure in the Right 
and Left Ventricles to Predict Increased Left 

Ventricular Pressure 


Vectorcardiographic Estimate 


Decreased LVP* 





Systemic LVPT 
Systemic LVPt 10 35 
Decreased LVP§ 31 6 
“Index of merit” | = 0.62 (+0.09) 


* S/R ratio in lead X >2.0 or clockwise loop, or both. 

t S/R ratio in lead X <2.0 or counterclockwise or figure-of-8 
loop, or both. 

tł Ratio of peak systolic pressure in right ventricle to that in 
left ventricle <1.2. 

§ Ratio of peak systolic pressure in right ventricle to that in 
left ventricle >1.2. 


FIGURE 1. S/R ratio in the X lead 
compared to ratio of the peak sys- 
tolic pressure in the right ventricle 
to the peak systolic pressure in the 
left ventricle. 


percent of patients with a systemic level of left ven- 
tricular pressure had an S/R ratio in lead X of more 
than 2:1; 71 percent of those with decreased left 
ventricular pressure had an S/R ratio of 2:1 or less. 
The relations of the ratio of the S wave to the R 
wave in lead X and the ratio of peak systolic pres- 
sure in the right ventricle to peak systolic pressure in 
the left ventricle at cardiac catheterization are 
shown in Figure 1. 

4. The direction of the horizontal loop and the 
S/R ratio in lead X of the electrocardiogram were 
correlated with the ratio of the right to left ventricu- 
lar pressure (Table III). If the direction of the hori- 
zontal loop is counterclockwise or figure-of-8, the 
level of left ventricular pressure is probably systemic. 
Even if the direction is counterclockwise, when the 
S/R ratio is less than 2.0, the left ventricular pres- 
sure is probably at systemic level. The vectorcardio- 
gram correctly identified the pressure level in 78 per- 
cent of studies in which left ventricular was systemic 
and in 84 percent of those in which it was decreased. 

5. In the test series of 19 additional patients whose 
findings were analyzed in the same manner as in the 
original series (Tables IV and V), if the direction 
of the horizontal loop was clockwise or figure-of-8 
or if the S/R ratio in lead X was less than 2.0, the 
vectorcardiogram indicated increased pressure in 
the left ventricle. In this series the vectorcardiogram 
correctly identified the presence of increased or de- 
creased left ventricular pressure in 84 percent of 
cases. 


Discussion 


The Frank lead vectorcardiogram shows right ven- 
tricular hypertrophy in cases of complete transposi- 
tion of the great arteries with an intact ventricular 
septum and shows combined ventricular hypertrophy 
in cases with a ventricular septal defect. The stud- 
ies of Restieaux et al.4 and Mair et al.® indicate that 
the vectorcardiogram can predict left ventricular 
pressure in this malformation. In our study, if the 
ratio of peak systolic pressure in the right ventricle 
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to peak systolic pressure in the left ventricle was 
equal to or less than 1.2, we assumed that the left 
ventricle was working at a systemic level of pressure. 
This is a fair assumption since the ventricular pres- 
sures were determined sequentially. 

Restieaux et al. measured the maximal right and 
left spatial voltage by computer. We made these 
measurements by hand using simultaneous frontal 
and horizontal loops. The ratio of these maximal 
spatial voltages compared to the simple S/R ratio in 
lead X was accurate (correlation coefficient r = 
0.69). This ratio, easily measured by hand, was just 
as helpful as the more complex spatial ratio. 

If the direction of the horizontal loop is counter- 
clockwise or figure-of-8, or if the S/R ratio in lead X 
is less than 2.0, the left ventricle probably has a sys- 
temic level of pressure (Table II). If these measure- 
ments are combined, accuracy of the estimate of the 
left ventricular pressure is increased (Table III). 

If the horizontal loop has a figure-of-eight configu- 
ration (the first part of the loop is counterclockwise 
and the last part of the loop clockwise) or counter- 
clockwise, then the pressure in the left ventricle is 
probably increased even if the S/R ratio in lead X is 
greater than 2.0. If the direction of the horizontal 
loop is clockwise and the S/R ratio in lead X is less 
than 2.0, then the left ventricular pressure is proba- 
bly increased. Any sign of left ventricular hypertro- 
phy in complete transposition of the great arteries 
probably indicates a high level of left ventricular 
pressure. In the test series similar results were ob- 
tained, with 84 percent correct prediction of left ven- 
tricular pressure. 

The vectorcardiogram of a 2 1/2 year old patient 
(Case 25) with transposition of the great arteries 
shows an intact ventricular septum and decreased 
left ventricular pressure (Fig. 2). The illustration 
shows no R wave in lead X and a clockwise loop in 
the horizontal plane. By contrast, Figure 3 (Case 
56), obtained from a 11/2 month old infant with 
transposition of the great arteries, a ventricular sep- 
tal defect and a systemic level of left ventricular 
pressure, shows an S/R ratio in lead X of 0.25 and a 
counterclockwise loop in the horizontal plane. 

Figure 4 (Case 66) is from a 3 month old infant 
with a large patent ductus arteriosus, an intact ven- 
tricular septum and a systemic level of pressure in 
the left ventricle. The vectorcardiogram shows a 
counterclockwise loop and lead X an S/R ratio of 
2.7; the ductus was ligated shortly afterward. A sub- 
sequent catheterization was performed at age 2 1/2 
years (Fig. 4), when the left ventricular pressure was 
decreased, and the vectorcardiogram showed a clock- 
wise loop and an S/R ratio of 4.0 in lead X. 

Figure 5 (Case 17) shows the change in the vector- 
cardiogram and lead X of the orthogonal electrocar- 
diogram with a reduction of the left ventricular pres- 
sure measured at catheterization. Three months 
after the original catheterization, the patient under- 
went another catheterization which showed a left 
ventricular pressure of about half of the systemic 
level. The horizontal loop had changed from a figure- 


of-eight to clockwise direction, and the S/R ratio in 
lead X had changed from 1.4 to 11.0. It would be 
ideal to have a series of patients with transposition 
of the great arteries who had 2 catheterizations with 
a significant change in the left ventricular pressure. 
Figures 4 and 5 are 2 examples, but it would take a 
long time to assemble a large series. This paper is 
based on cross-sectional experience to indicate the 


TABLE IV 


Vectorcardiogram in Transposition of the Great Arteries— 
19 Test Cases 


Peak Systolic Pressure 


(mm Hg) 

Case Right Left aye Loop Horizontal S/R in 
no. Ventricle  Ventricle LVP Direction Lead X 
1 82 35 2.4 CW 8.5 
2 87 53 1.6 CW 3.0 
3 82 23 3.6 CW 0.7 
4 96 42 2.3 CW 11.0 
5 90 98 0.9 Fig.-of-8 4.0 
6 86 30 2.9 CW 2.0 
7 70 45 1.5 CW 2.7 
8 69 35 2.0 CW 5.0 
9 75 50 1.5 CW 6.7 
10 130 100 1.3 CW 7.0 
11 88 38 2.3 CW 4.7 
12 156 115 1.4 CW 20.0 
13 90 50 1.8 CW 6.7 
14 90 90 1.0 CW 0.9 
15 80 35 2.3 CW 1.4 
16 95 69 1.4 CW 1.5 
17 55 60 0.9 Fig.-of-8 1.4 
18 90 55 1.6 CW 5.0 
19 73 45 1.6 CW 12.0 


CW = clockwise; Fig. = figure; RVP/LVP = ratio of peak sys- 
tolic pressure in right ventricle to that in left ventricle. 


TABLE V 


Correlation of Horizontal Loop Direction and S/R Ratio in 
Lead X with the Ratio of Peak Systolic Pressure in the Right 
and Left Ventricles to Predict Increased Left Ventricular 
Pressure—19 Test Cases 





Vectorcardiographic Estimate 





Decreased LVP* Systemic LVPT 
Systemic LVP 0 3 
Decreased LVP§ 13 3 





* S/R ratio in lead X 2.0 or clockwise loop, or both. 

+ S/R ratio in lead X 2.0 or counterclockwise or figure-of-8 loop, 
or both. 

t Ratio of peak systolic pressure in right ventricle to that in 
left ventricle <1.2. 

§ Ratio of peak systolic pressure in right ventricle to that in left 
ventricle >1.2. 
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FIGURE 2. Case 25. Transposition of the great arteries and an 
intact ventricular septum. The horizontal loop is clockwise, and 
there is no R wave in lead X. The peak systolic pressure in the 
left ventricle (LVP) is low. RVP = right ventricular pressure. 


usefulness of the vectorcardiogram for indirectly as- 
sessing left ventricular pressure in complete transpo- 
sition of the great arteries. However, serial vectorcar- 
diograms should be used in individual patients to 
detect changes in left ventricular pressures after an 
initial cardiac catheterization is performed to verify 
the diagnosis and measure the pressure in the left 
ventricle. 


3mos 215 yrs 
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FIGURE 4. Case 66. Transposition of the great arteries with an 
intact ventricular septum. At age 3 months a large patent ductus 
arteriosus is also present. The horizontal loop is counterclock- 
wise, the S/R ratio in lead X is 2.7, and pressure in the left ven- 
tricle is at systemic levels. The patent ductus arteriosus was li- 
gated shortly afterward. At age 2-1/2 years, a second study 
shows a clockwise horizontal loop, S/R ratio in lead X of 4.0 
and decreased left ventricular pressure. 
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FIGURE 3. Case 56. Transposition of the great arteries and ven- 
tricular septal defect. The horizontal loop is counterclockwise; a 
tall R wave and a small S wave appear in lead X. Peak systolic 
pressure in the left ventricle is systemic. 


Restieaux et al.* suggested that the vectorcardio- 
gram was less accurate in predicting left ventricular 
pressure in patients under the age of 2 months than 
in older children, but our study indicates that the 
assessment of left ventricular pressure is just as pre- 
cise under 2 months as over. 

The “index of merit” devised by Kuipers and ap- 
plied by Van Herpern et al.!° is a number showing 
correlation between a predictor (the vectorcardio- 
gram in this study) and a true value (the ratio of 
ventricular pressures measured at catheterization) 
including false positive and false negative value. An 
index of 1.0 indicates a perfect correlation. The loop 
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RVP 55 RVP 90 10 DAYS AFTER 

LVP 60 LVP 50 DUCT LIGATION 
FIGURE 5. Case 17 in the test series, with complete transposi- 
tion of the great arteries, an intact ventricular septum and a 
large patent ductus arteriosus. The pressure in the left ventricle 
was decreased at the second catheterization, and the vector- 
cardiogram indicated this change. 
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direction, with the use of this method, is a moderate- 
ly good indicator of a systemic left ventricular pres- 
sure, I = 0.45 (+0.10) (Table II). The S/R ratio in 
lead X is less good, I = 0.30 (+0.10) (Table II). With 
the use of 2 measurements of the vectorcardiogram 
together, a helpful “index of merit” is found, I = 
0.62 (+0.09) (Table III). 

Clinical implications: Repeat vectorcardiograms 
are helpful in the management of transposition of 
the great arteries. After an initial cardiac catheter- 
ization has established the diagnosis, repeat vector- 
cardiograms should be obtained with particular at- 
tention to the loop direction in the horizontal plane 


and the S/R ratio in lead X. In a patient with an 
initially decreased left ventricular pressure a change 
to a figure-of-8 or counterclockwise loop or the devel- 
opment of an S/R ratio in lead X of less than 2.0 
suggests the development of a systemic level of left 
ventricular pressure. This observation is an indica- 
tion that the cardiac catheterization procedure should 
be repeated. 
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Hemodynamic data from 100 patients with complete transposition of 
the great arteries, all 1 year old or older, were reviewed. Only 2 pa- 
tients, at rest and breathing room air, had a systemic arterial oxygen 
saturation level as high as 85 percent. In any patient with dextro- 
transposition of the great arteries and a systemic arterial saturation 
of 85 percent or greater, there is a strong likelihood of a single ven- 
tricle. . : 

At a given level of oxygen consumption, 3 potential variables influ- 
ence systemic arterial oxygen saturation in transposition: (1) magni- 
tude of the intercirculatory mixing, (2) hemoglobin concentration and 
(3) magnitude of the recirculated systemic mixed venous flow. The 
first 2 factors are directly related to systemic saturation, and the 
third is inversely related. 

Decreasing total pulmonary blood flow, secondary to increasing 
pulmonary vascular disease or pulmonary stenosis, results in de- 
creased intercirculatory mixing and a decrease in systemic arterial 
oxygen saturation. This decrease in saturation is partially compen- 
sated for by an increase in hemoglobin concentration. An index cal- 
culated from the level of systemic arterial oxygen saturation divided 
by the value for hemoglobin concentration is useful in follow-up 
studies to determine the presence of pulmonary vascular disease or 
pulmonary stenosis. This index will often eliminate the need for re- 
peated cardiac catheterizations before definitive corrective surgery 
is carried out. 


Significant systemic arterial oxygen desaturation is a consistent find- 
ing in complete transposition of the great arteries. Balloon atrial 
septostomy!:? is an accepted palliative procedure in infants with this 
condition in an attempt to increase intercirculatory ‘“‘mixing’”’ and 
thereby raise systemic arterial saturation to an acceptable level. Al- 
though the degree of “mixing” is one of the chief determinants of 
systemic arterial saturation and of the resultant partial pressure at 
which oxygen is delivered to the tissues in these patients, other factors 
also enter into the determination of arterial oxygen saturation. 

We examined the systemic arterial oxygen saturation level of 100 
patients with complete transposition of the great arteries and ana- 
lyzed the factors that influenced its determination. We shall discuss 
the usefulness of this variable, alone and with hemoglobin concentra- 
tion, in evaluating the. anatomic and hemodynamic status of the indi- 
vidual patient. 


Material and Methods 


Data were obtained from 100 patients (72 male and 28 female) with com- 
plete transposition of the great arteries who underwent catheterization at 
the Mayo Clinic between 1962 and 1970. All patients were 1 year old or 
older (range 1 to 19 years). All patients had uncomplicated forms of com- 
plete transposition; patients with associated tricuspid atresia, pulmonary 
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atresia or single ventricle were excluded. In every case, 
the diagnosis was established by angiocardiography. 
Sixty-four of the 100 patients eventually underwent cor- 
rective surgery. 

Sixty patients had an anatomic communication be- 


tween the systemic and pulmonary circuit at only 1 site. 


Twenty-five of these had an atrial septal defect alone, and 
35 a ventricular septal defect alone. Thirty-one patients 
had both an atrial and a ventricular septal defect. Four 
patients had a ventricular septal defect and a patent 
ductus arteriosus; 1 patient had a ventricular septal de- 
fect and a functioning Blalock-Taussig shunt; and 2 pa- 
tients had an atrial septal defect and a patent ductus ar- 
teriosus. Two patients had potential mixing sites at 3 
locations: an atrial septal defect, a ventricular septal de- 
fect and a patent ductus arteriosus. } 

All patients had at least 1 series of hemodynamic data 
obtained while they were breathing room air, and all satu- 


ration data are from this series. Systemic arterial samples 


were obtained from the femoral artery or, in a few cases, 
from the brachial artery. 

At least 1 hemoglobin determination was obtained for 
each patient during the study. In patients who had signif- 
icant loss of blood or who had received fluids intravenous- 
ly during the study, hemoglobin determinations were re- 
peated during the catheterization. 

In the calculation of systemic blood flow, pulmonary 
flow and effective pulmonary flow, standard formulas 
were used.* Patients with transposition of the great arte- 
ries shunt (over any length of time) an equal amount of 
blood in each direction (that is, effective systemic flow 
equals effective pulmonary flow). Systemic recirculated 
flow is calculated by subtracting the value for effective 
systemic (or pulmonary) flow from that for total systemic 
flow. In this paper, the terms “effective pulmonary flow” 
and “‘intercirculatory mixing” are used synonymously. 


Review of Hemodynamic Mechanisms 


‘The basic hemodynamic mechanisms involved in 
transposition of the great arteries have recently been 
reviewed.’ Systemic arterial blood in the patient 
with transposition is derived from 2 sources (Fig. 1). 
A limited amount of this blood is highly saturated 
pulmonary venous blood that has been shunted from 
the pulmonary to the systemic circuit (that is, the 
“effective” systemic flow). The remainder of the 
blood reaching the aorta is relatively desaturated 
systemic mixed venous blood that is being recircu- 
lated through the systemic circuit. Systemic arterial 
oxygen saturation is thus dependent on the relative 
proportions from, and saturation levels of, these 2 
sources. 

At a given level of oxygen consumption, 3 poten- 
tial variables influence systemic arterial saturation 
in the patient with transposition: (1) the magnitude 
of the “effective” systemic or pulmonary flow (that 
is, intercirculatory mixing), (2) the magnitude of the 
recirculated systemic flow, and (3) the hemoglobin 
concentration. The manner in which these variables 
affect systemic arterial saturation has been previous- 
ly outlined in detail.3 

To review briefly, with arterial saturation partly 
dependent on the relative proportions of fully satu- 
rated pulmonary venous blood and relatively desatu- 





CI Oxygenated blood 
MMM Reduced blood 


* Blood flow responsible for effective gas transport 
FIGURE 1. Schematic representation of circulation in complete 
transposition of great arteries. (From Mair et al.) 


~ 


rated systemic venous blood reaching the aorta, the 
absolute magnitudes of the “‘effective’’ systemic or 
pulmonary flow and of the recirculated systemic flow 
are obviously important in determination of systemic 
arterial oxygen saturation. The relative saturation 
levels of the pulmonary venous blood and systemic 
mixed venous blood are also important. In the ab- 
sence of significant ventilatory problems, pulmonary 
venous blood in a person breathing room air, at or 
near sea level, has an oxygen saturation of approxi- 
mately 97 percent. However, the saturation of sys- 
temic mixed venous blood in the patient with trans- 
position is not constant but is dependent, at a given 
level of oxygen consumption, on the magnitude of 
the “effective” pulmonary or systemic flow and the 
hemoglobin concentration. A given level of oxygen 
uptake in the lungs demands that a given amount of 
reduced hemoglobin per unit of time be delivered 
into the pulmonary capillaries. In complete transpo- 
sition, the only reduced hemoglobin reaching the 
pulmonary capillaries is contained in the systemic 
mixed venous blood shunting into the pulmonary 
circuit (that is, the “effective” pulmonary flow). 
Therefore, at a given level of oxygen uptake, the sys- 
temic mixed venous saturation (that is, the relative 
proportion of oxygenated and reduced hemoglobin in 
systemic mixed venous blood) must change secon- 
dary to changes in the magnitude of “effective” pul- 
monary flow or hemoglobin concentration if a con- 
stant amount of reduced hemoglobin reaching the 
pulmonary capillaries is to be maintained. A de- 
crease in either effective pulmonary flow (intercircu- 
latory mixing) or hemoglobin concentration will 
cause a decrease in systemic mixed venous satura- 
tion and a resultant significant decrease in systemic 
arterial saturation, because the largest proportion of 
blood reaching the systemic arterial system is this 
recirculated systemic mixed venous blood. 


Results 


Distributions of the systemic arterial oxygen satu- 
ration levels in these 100 patients with complete 
transposition, determined with the patients at rest 
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FIGURE 2. Systemic arterial oxygen satura- 
tion of 100 patients at rest and breathing air. 
Hatched segment represents atrial septal 
defect (25 patients); light-dotted segment 
represents ventricular septal defect (35 pa- 
tients); dark-dotted segment represents atri- 
al septal defect and ventricular septal defect 
(31 patients), ventricular septal defect and 
Blalock-Taussig shunt (1 patient), ventricular 
septal defect and patent ductus arteriosus (4 
patients), atrial septal defect and patent 
ductus arteriosus (2 patients), and atrial sep- 
tal defect, ventricular septal defect and pat- 
ent ductus arteriosus (2 patients). 


FIGURE 3. Relation of systemic arterial oxy- 
gen saturation to effective pulmonary flow in 
100 patients: open square = atrial septal 
defect; open circle = ventricular septal de- 
fect; solid square = atrial septal defect and 
ventricular septal defect; solid circle = atrial 
septal defect, ventricular septal defect and 
patent ductus arteriosus; X = ventricular 
septal defect and patent ductus arteriosus or 
Blalock-Taussig shunt; solid triangle = atrial 
septal defect and patent ductus arteriosus. 


FIGURE 4. Relation of systemic arterial oxy- 
gen saturation to hemoglobin concentration 
in 100 patients. Same symbolism as in Fig- 
ure 3. 
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and breathing room air (Fig. 2), revealed a range of 
40 to 86 percent. Fifty-five patients had a saturation 
greater than 65 percent, and 19 a saturation of 80 
percent or greater. Only 2 patients had an arterial 
saturation of 85 percent or greater. 

Effective pulmonary flow index had a significant 
(P <0.001) positive relation to systemic oxygen satu- 
ration for the 100 patients (Fig. 3). However, this 
relation was not linear (r = 0.567) and indicated that 
factors other than effective pulmonary flow (intercir- 
culatory mixing) are important in the determination 
of systemic arterial saturation. Patients were 
grouped according to whether their effective pulmo- 
nary flow index was 1.2 or less (23 patients), 1.3 to 
1.9 (57 patients) or 2.0 or greater (20 patients) 
(Table I). As expected, the mean arterial saturation 
was significantly greater in the group with the great- 
est effective pulmonary flow (best “mixing’’), but 
there was an overlap among values in all 3 groups. 
The finding that in 1 patient in the group with the 
poorest “‘mixing”’ the saturation level was 75 percent 
whereas it was only 64 percent in a patient in the 
group with the greatest “mixing” further substan- 
tiates that factors in addition to intercirculatory 
mixing are important in systemic arterial saturation 
determination. The usual benefits of good mixing are 
readily apparent, however. The saturation level was 
higher than 65 percent in only 26 percent of patients 
in the first group, whereas it reached this level in 95 
percent of patients in the group with the best mix- 


ing. The highest level of saturation (75 percent) 


reached in the group with poor mixing occurred in 
the previously mentioned patient, whereas the level 
of systemic saturation was 80 percent or higher in 40 
percent of patients with an effective pulmonary flow 
index of 2.0 or greater. Thus, although good mixing 
does not guarantee a high level of systemic arterial 
saturation, the patient with transposition has little 
chance of obtaining a level higher than 75 percent 
unless reasonably good mixing is present. 

Hemoglobin concentration was significantly (P ~ 
0.001) related to systemic arterial saturation (Fig. 4). 
The correlation was lower (r = 0.330) than that be- 
tween effective pulmonary flow index and systemic 
arterial saturation. Patients were grouped according 
to whether their hemoglobin level was 15.0 g/100 ml 
or less (22 patients), 15.1 to 19.9 g/100 ml (55 pa- 
tients), and 20.0 g/100 ml or greater (23 patients) 
(Table II). The mean value for systemic arterial 
saturation was highest in the group with the greatest 
hemoglobin concentration but, as was true of effec- 
tive pulmonary flow index, there was considerable 
individual overlap among the 3 groups. However, re- 
duced hemoglobin concentration had a detrimental 
effect on systemic arterial saturation level. A satura- 
tion level of 80 percent or greater occurred in only 5 
percent of patients with a hemoglobin level of 15.0 
g/100 ml or less whereas it was present in 30 percent 
of patients with a hemoglobin level of 20.0 g/100 ml 
or more. 


TABLE | 


Relation of Systemic Arterial Oxygen Saturation to Effective 
Pulmonary Flow Index in Patients with Small (<1.2), 
Moderate (1.3 to 1.9) and Large (> 2.0) Effective 

Pulmonary Flow Index 


Systemic 
Mean Arterial 
: Hemoglobin Ar Systemic Saturation 
Effective no. of Concen- aturation (no. and % of patients) 
Pulmonary Pa- tration Aon a a 


Flow Index tients (g/100 ml) mean) (%) >65% > 80% 
<1.2 23 19.8 40 to 75 6 (26%) 0 (0%) 
(58) 
1.3-1.9 57 17.5 41 to 86 30 (53%) 11(19%) 
(66) 
>2.0 20 16.1 64 to 85 19 (95%) 8 (40%) 
(77) 
Total 100 A 55(55%)  19(19%) 
Discussion 


In our series, only 2 of 100 patients with complete 
transposition of the great arteries had a systemic ar- 
terial saturation level as high as 85 percent (85 and 
86 percent, respectively). This finding is in contrast 
to results in patients with dextrotransposition of the 
great arteries and single ventricle, who have been 
found to have saturation values as high as 95 percent 
and who commonly have values ranging between 85 
and 95 percent.* A systemic arterial oxygen satura- 
tion level greater than 85 percent in a patient with 
dextrotransposition of the great arteries suggests 
that a single ventricle is present. Appropriate angio- 
cardiographic studies must be performed to identify 
the ventricular anatomy with certainty in these pa- 
tients because this differentiation has important sur- 
gical implications. 


TABLE Il 


Relation of Systemic Arterial Oxygen Saturation to 
Hemoglobin Concentration in Patients with Low ( <15.0), 
Moderate (15.1 to 19.9) and High (> 20.0) Level of 
Hemoglobin Concentration 


Systemic 

Arterial 

Effective Oxygen 

Hemoglobin no. of Pulmonary Saturation 
Concentration Pa- Flow Index (range and 
(g/100 ml) tients (mean) mean) (%) >65% > 80% 


Systemic Saturation 
(no. and % of patients) 


<15.0 22 1.8 41 to 82 7 (32%) 1(5%) 
(60) 
15.1-19.9 55 1.6 40to85  31(56%) 11(20%) 
(67) 
> 20.0 23 1.4 46to86 17(74%) 7 (30%) 
(73) 
Total 100 jas 55(55%) 19(19%) 
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Systemic recirculated flow index 
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Hemoglobin concentration x effective pulmonary flow index 


Systemic arterial saturation, % 


Intercirculatory Mixing, Hemoglobin Concentration 
and Systemic Arterial Oxygen Saturation 


Data in Tables I and II reveal that increased effec- 
tive pulmonary flow (good mixing) and a relatively 
high level of hemoglobin concentration are both ben- 
eficial in achieving a high level of systemic arterial 
oxygen saturation. Furthermore, effective pulmonary 
flow and hemoglobin concentration have an inverse 
relation to each other. Patients with reduced effec- 
tive pulmonary flow (poor mixing) have a signifi- 
cantly greater mean hemoglobin concentration than 
those with a large effective pulmonary flow (Table I). 
Conversely, patients with increased hemoglobin con- 
centration have significantly less mean effective 
pulmonary flow than do those with a lower level of 
hemoglobin concentration (Table II). The patient 
with a low level of systemic arterial saturation 
secondary to poor mixing tends to compensate for this 
by an increase in hemoglobin concentration and by 
this method raises his systemic saturation, and the 
resultant partial pressure at which oxygen is delivered 
to the tissues, to a more acceptable level. This ten- 
dency for patients with poor mixing to partially com- 
pensate with an elevated hemoglobin level is one 
reason why the relation between effective pulmonary 
flow index and the level of systemic saturation (Fig. 3) 
is not more linear. 

In complete transposition it is beneficial to have 
the greatest degree of intercirculatory mixing possi- 
ble. In the absence of good mixing, an increase in 
hemoglobin concentration can raise the systemic sat- 
uration to a more acceptable level, but extreme poly- 





FIGURE 5. Relation of systemic arterial oxy- 
gen saturation to a value obtained by multi- 
plying hemoglobin concentration times effec- 
tive pulmonary flow index and dividing this 
product by systemic recirculated flow index, 
in 100 patients. Same symbolism as in Fig- 
ure 3. 


80 90 


cythemia can have detrimental effects as well. The 
child with a hemoglobin concentration of greater 
than 20 g/100 ml is at a high risk of thrombotic phe- 
nomena, and this degree of polycythemia may, itself, 
decrease intercirculatory mixing because of a signifi- 
cant increase in blood viscosity. However, relative 
anemia in transposition is also detrimental. Of the 
22 patients in this group with a hemoglobin level of 
15.0 g/100 ml or less, more than 66 percent had a 
systemic saturation level of 65 percent or less, and 
only 1 patient had a saturation level as high as 80 
percent, although these patients usually had good 
intercirculatory mixing. If one considers all factors, 
the optimal situation in transposition is to have the 
greatest mixing possible and a hemoglobin level 
somewhere between 15 and 20 g/100 ml. 

The greater the proportion of relatively desaturat- 
ed systemic mixed venous blood that reaches the 
aorta and recirculates, the lower the level of systemic 
arterial saturation. Increased systemic recirculated 
flow, secondary to reduced systemic resistance, 
therefore is detrimental to the patient with transpo- 
sition. The effect of increased recirculated systemic 
mixed venous flow is demonstrated in Figure 5, 
which plots systemic arterial saturation against a 
number determined by multiplying the value for he- 
moglobin concentration times effective pulmonary 
flow index and dividing this product by the systemic 
recirculated flow. It will be recalled that systemic 
arterial saturation is directly related to hemoglobin 
concentration and effective pulmonary flow index 
and inversely related to systemic recirculated flow. 
The relation between the variables plotted in Figure 
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5 is direct, with a very high correlation (r = 0.933). 
This direct relation, which approaches linearity, 
demonstrates that effective pulmonary flow, hemo- 
globin concentration and systemic mixed venous re- 
circulated flow are all important in determining the 
level of systemic arterial oxygen saturation achieved 
by a patient with complete transposition. A patient 
may have good intercirculatory mixing and an ade- 
quate hemoglobin concentration, but his systemic 
arterial saturation may still be reduced if his system- 
ic resistance is low, and he has increased recirculated 
systemic flow. 


Use of Hemodynamic Data in Follow-Up Studies of 
the Patient with Transposition 


Importance of pulmonary vascular disease and 
pulmonic stenosis: Ferencz® and Viles et al.® have 


documented that some patients with complete trans-. 


position may have significant pulmonary vascular 
disease at an early age. Other patients may have in- 
creasingly severe pulmonary stenosis with the pas- 
sage of time. Severe pulmonary vascular disease and 
severe pulmonary stenosis both significantly decrease 
total pulmonary blood flow. A recent paper’ has 
demonstrated that, in the patient with transposition, 
total pulmonary blood flow and effective pulmonary 
blood flow (intercirculatory mixing) are directly re- 
lated. As total flow through the pulmonary circuit 
decreases, secondary to pulmonary vascular disease 
or pulmonary stenosis, mixing decreases as well. Our 
study shows that as intercirculatory mixing de- 
creases, the systemic arterial saturation decreases 
and, in an attempt to partially compensate for this, 
the hemoglobin concentration increases. We there- 
fore further evaluated the hemodynamic data to de- 
termine whether use of systemic arterial saturation 
and the hemoglobin concentration levels would pro- 
vide an index that would permit reliance on periodic 
arterial blood samples rather than repeated cardiac 
catheterizations in the follow-up studies of some pa- 
tients. The early recognition that pulmonary vascu- 
lar disease or pulmonary stenosis is developing is, of 
course, of great importance in the clinical manage- 
ment of these patients.®:9 

Total pulmonary flow index correlated with 
index of systemic oxygen saturation divided by 
hemoglobin saturation: In 93 of the 100 patients, the 
pulmonary artery was entered at cardiac catheteriza- 
tion, and total pulmonary blood flow was calculated. 
These patients were divided into 2 groups, according 
to whether the total pulmonary flow index was less 
than or greater than 6.5 (Table III). The value 6.5 was 
chosen because results of an earlier study? showed 
that patients with transposition and severe pul- 
monary vascular disease or severe pulmonary stenosis 
had a total pulmonary flow index below this value. 
Thirty-seven patients were in the group with rela- 
tively decreased total pulmonary flow. The systemic 
arterial saturation levels in this group ranged from 40 
to 77 percent. Fifty-six patients were in the group with 


TABLE Ill 


Systemic Arterial Oxygen Saturation, and Systemic Arterial 
Oxygen Saturation Divided by Hemoglobin Concentration in 
37 Patients with Total Pulmonary Flow Index <6.5 and 56 
Patients with Total Pulmonary Flow Index >6.5 


Systemic Arterial 


Saturation Index* 

Total no. of > 80% >4.1 
Pulmonary Pa- (no. and % (no. and % 
Flow Index tients Range(%) of patients) Range (%) of patients) 

<6.5 37+ 40to77 0 (0%) 2.1to 4.0 0 (0%) 

>6.5.° (56 41 to 86 19(34%) 2.6to7.6  32(57%) 


* Systemic arterial saturation (%) divided by hemoglobin 
concentration (g/100 ml). 

t Severe pulmonary vascular disease, 17 cases; severe pul- 
monary stenosis, 11 cases; pulmonary arterial banding, 4 cases; 
other, 5 cases. 


a total pulmonary flow index of 6.5 or greater. Nine- 
teen of these 56 (34 percent) had a systemic saturation 
levels of 80 percent or greater. If an index is devised 
by dividing the level of systemic arterial saturation 
by the value for hemoglobin concentration, the range 
for the group with relatively decreased total pul- 
monary blood flow was 2.1 to 4.0. In contrast, 32 of 
the 56 patients (57 percent) with increased total pul- 
monary blood flow had an index of 4.1 or greater. The 
data indicate that if the index obtained by dividing 
the value for systemic arterial saturation by that for 
hemoglobin concentration is greater than 4.0, the pa- 
tient with transposition does not have severe pul- 
monary vascular disease or pulmonary stenosis. How- 
ever, an index of 4.0 or less does not indicate with cer- 
tainty that a patient has decreased total pulmonary 
blood flow, and resultant poor mixing, secondary to 
severe pulmonary vascular disease or pulmonary 
stenosis. Poor mixing with a resultant low index may 
indicate that the patient’s mixing sites are becoming 
inadequate in size (for example, closing ventricular 
septal defect). A low index may be present even 
though intercirculatory mixing is good, if the level of 
systemic resistance is low and the recirculated sys- 
temic flow is great, since these factors also cause a 
significant decrease in systemic arterial saturation 
with a compensatory increase in hemoglobin concen- 
tration. Nevertheless, this index should be useful in 
following up the patient with transposition once the 
patient has been catheterized, the diagnosis has been 
made and base-line hemodynamic values have been 
established. If this index is stable or increases, a de- 
crease in total pulmonary blood flow secondary to in- 
creasing pulmonary vascular disease or pulmonary 
stenosis is extremely unlikely and recatheterization 
can be avoided. However, a significantly lowered in- 
dex would be an indication for recatheterization so 
that the patient’s hemodynamic status can be-care- 
fully reassessed. 
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A study of 67 surglcally unaltered specimens of tetralogy of Fallot at 
The Johns Hopkins Hospital revealed a group of 28 hearts In which 
the ventricular septal defect was surrounded entirely by muscular 
tissue. Since part of this muscle lay In the space between the tricus- 
pid and aortic valve annuli, where It occupled a position taken by the 
parietal band In the normal heart, it Is postulated that this muscle 
represents an inferior division of the embryonic infundibular séptum 
(parietal band) tn these specimens. The superior division of the pari- 
etal band forms the anterior margin of the ventricular septal defect 
and the superior border of the stenotic infundibulum. A similar but 
more rudimentary inferior portion of the infundibular septum may 
have been present in another 16 of the 67 speciméns, as represent- 
ed by a fibrous or. fibromuscular band separating the aortic and tri- 
cuspid valve annuli. 


The precise anatomic details of the ventricular septal defects found 
in the spectrum of hearts that carry a diagnosis of tetralogy of Fallot 
are important for at least 2 reasons: (1) They serve as a guide to the 
embryologic interpretation of the basic pathologic features of this 
and related congenital heart defects, and (2) they provide some basis 
for the evaluation of surgical procedures. A review of the literature 
reveals that previous descriptions of this anatomy have been some- 
what incomplete, and in somé aspects have been contradictory.?"11 
Therefore, we believe that a concise, detailed pathologic study of the 
ventricular septal defects in a large sroup of surgically unaltered 
hearts with tetralogy of Fallot, with photographic documentation, is 
appropriate. | . 

A careful study was made of the posterior margin of the ventricu- 
lar septal defect in tétralogv of Fallot, in the region where the mem- 


‘branous portion of the interventricular septum is adjacent to the tri- 


cuspid and aortic valve annuli. In about two thirds of the specimens 
of tetralogy examined, the ventricular septal defect was bounded on 
the posterior side by muscle (or by a fibrous band) and was thus sep- 
arated from the membranous. ventricular septum. Since this band 
lay in the space between the tricuspid and aortic valve annuli, where 
it occupied the position taken by the parietal band of the crista su- 
praventricularis in the normal heart, we conclude that this muscle 
represents an inferior division of the embryonic infundibular septum 
(parietal band), as originally proposed by Lev® and emphasized by 
Goor et al. Thus, the ventricular septal defect in these cases of 


tetralogy may bé termed an intracristal deféct. 


Materlals and Methods 


We reviewed 112 specimens of tetralogy of Fallot from thé Johns Hopkins 
Hospital collection of 764 congenitally malformed hearts, and found 67 that 
met the following 3 criteria: (1) A ventricular septal defect with an overrid- 
ing aorta, right ventricular hypertrophy and pulmonary stenosis was pres- 
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FIGURE 1. Specimen and diagram illustrating the ventricular sep 





tal defect In tetralogy of Fallot, showing how It may be divided Into 4 


segments: anterior (line ad), posterlor (bc), superlor (ab) and inferlor (cd). A, right ventricular view. ant = anterior leaflet of tricuspid 
.valve:-ant RV = anterior-wall of right ventricle; RCC, LCC, NCC = right, left, and noncoronary cusps of aortic valve, respectively; sept 
= septal leaflet of tricuspid valva. Left ventricular outflow tract lles between left coronary cusp and crést of ventricular septum (seg- 
ment cd). Arrow points to-infundibular chamber beyond fibrous os infundibulum, Just anterosuperior to segment ad. (Heart [JH 35251] 
is also illustrated in’ Fig. 2B.) B, position of ventricular septal defect relative to parietal band and aorta. AO = aorta; LA = left atrium; 
, LV = left ventricle; MPA = main pulmonary artery; P = parietal band; RA = right atrlum; RV = right ventricle} VSD = ventricular 


septal defect. 


ent; (2) the aortic and mitral valves showed fibrous conti- 
nuity®-9.21.12; and (3) there was no evidence: of surgical 
alteration of the intracardiac lesions. The anatomy of the 
ventricular septal defect in-each of thé 67 specimens was 
studied in detail. In addition, whenever clinical records 
were available they were reviewed; differences in clinical 
presentation of each patient were found to be unrelated to 


the type of ventricular septal defect observed in the heart - 


specimen. J T : l 

To simplify discussion of the results, we describe the 
hearts as though the ventricular septum lay in the antero- 
posterior (sagittal) plane. The ventricular septal defect it- 
self is discussed as. though it were oriented in the plane of 
the ventricular septum, even though it actually is tilted 
obliquely to the right and anteriorly. With the orientation 
defined this way, the margin of the septal defect is de- 
scribed as consisting of 4 segments: superior, inferior, an- 
terior and posterior (Fig. 1). 


| | Results 

Superior margin of ventricular septal defect 
(segment ab, Fig. 1): In all 67 specimens of tetralo- 
gy, this portiori of the margin of the septal defect 
was a smooth muscular region on the anterior wall of 
the right ventricle,- underlying the aortic annulus 
beneath either the right coronary cusp or the non- 
coronary cusp of the‘ aortic valve, or both. The seg- 
ment blended anteriorly with the portiori of the pari- 
etal barid dividing the right ventricular outflow tract 
from the main body of the ventricle, and extended 
posteriorly toward the point at which the aortic and 
tricuspid valve annuli lay closest to each other. 


Anterior margin of ventricular septal defect 
(segnient da, Fig. 1): In all 67 cases this segment 
was a muscular structure that extended from the an- 
terior end of the crest of the ventricular septum su- 
periorly and anteriorly to arch over the right ventric- 
ular outflow tract and blend into the muscle of the 
anterior right ventricular wall at the base of the 
right coronary. and noncoronary cusps of the aortic 
valve. This segment corresponded to muscle tradi- 
tionally described as the malpositioned parietal 
band of the crista supraventricularis, which produces 
infundibular stenosis in tetralogy of Fallot.?-3 | 

Inferior margin of ventricular septal defect 
(segment cd, Fig. 1): In all 67 specimens, segment 
cd was the crest of the muscular ventricular septum. 

Posterior margin of ventricular septal defect 
(segment be, Fig. 1): In 28 of the 67 cases (42 per- 
cent) this segment consisted of a muscular band ex- 
ténding from the anterior (free) wall of the right ven- 
tricle (point b) inferiorly to join the posterior part of 
the crest of the ventricular septum (point c). This 


muscle therefore separated the aortic and tricuspid 


valve annuli and was usually narrowest where ‘it 
crossed the, isthmus at which the aortic and tricuspid 
valves were closest together (Fig. 2, A, B and D). 
The relative size of the muscle band varied; it was 
thick (comparable to the anterior papillary muscle of 
the tricuspid valve) in 5 cases (Fig. 2A), of moderate 
size in 7 (Fig. 2B), and small (comparable to a large 


chorda tendinea) in 16 cases (Fig. 2D). The struc- 
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op 


Bad. a f ; 
FIGURE 2. Right ventricie In 4 cases of tetralogy of Fallot, illustrating posterior margin of ventricular septal defect {segment bc). Mus- 


cular or fibrous band separates aortic and tricuspid valve annuli, and ls anatomically separate from the tricuspid valve. A, thick muscular 
posterior margin (JH 21242); B, moderately thick, muscular posterior margin’ (JH 35251); C, thin, fibromuscular posterior margin (JH 
21898); D, thin, muscular posterior margin (JH 22700). Arrows polnt to narrow right ventricular outflow tracts (transected in specimen 
in D, thus the 2 arrows). (Specimen tn B is also illustrated in Fig. 1A.) Abbreviations as in Figure 1. 


ture and orientation of the muscle were found to be 
identical to those of the most posterior portion of the 
parietal band in the normal heart, which courses 
through this area and separates the anterior leaflet 
of the tricuspid valve from the pulmonary outflow 
tract. 

In 16 of the 67 specimens, segment be was a nar- 
row fibrous band (Fig. 2C) that extended from the 


posterior part of the crest of the ventricular septum 
(point c), between the aortic and tricuspid valve 
annuli, to the anterior wall of the right ventricle 
(point b). This fibrous structure was in the same po- 
sition as the muscle band in the 28 hearts described 
earlier, the position corresponding to that occupied 
by the most posterior elements of the parietal band 
in a normal heart. . 
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Of the remaining 23 specimens, a similar muscular 
or fibrous band was noted in.9, but rather than in- 
serting upon the ventricular septum, it passed to the 
left of the crest of the septum into the left ventricle, 
blending into the anterior leaflet of the mitral valve 


. (Fig. 3); in the other 14 specimens. no identifiable 


‘muscular or fibrous band was noted in this region. 


Septum membranaceum: In all 67 hearts the sep- 


“tum membranaceum (Fig. 4) was in its normal posi- 


p 


tion (to the left of and -posterior to segment bc), al- 
though it was often small and narrow. In cases with 
a well developed muscular band and a distinct- sep- 


, tum membranaceum, the septum tended to be more 
- atrioventricular than interventricular. 


In those 
hearts without a well defined muscular or fibrous 


-band posterior to the ventricular septal defect, the 


fibrous tissue. of the septum membranaceum ventri- 


culorum was continuous with’ the septal leaflet of the ` 


_ tricuspid valve, thus making it difficult to define the 


border hetween these structures. 


Discussion 


B Previous investigators described the anatomy of . 
the ventricular septal defect in tetralogy of Fallot in 


several different ways. Gould? believed that the de- 
fect is located in the space above the ventricular 


_ septuni just below the origin of the aorta from both 


ventricles, posterior to ‘the crista but more superior 


`~ than the usual variety of ventricular septal defect. 
Lev® and Lev and Eckner? wrote that it lies in the 


basal (posterior) part of the anterior (bulbar) septum, 


-~ where it may or may not involve the pars membra- 


nacea. -Van Praagh and Van Praagh® and Van 
Praagh et al.® described it as the space. above the 
septal band, which normally is filled by the infun- 
dibular septum (crista supraventricularis or parietal 
band); it is bounded superiorly by the aortic valve, 
and anteriorly and inferiorly by the left and right di- 
visions of the septal band. The posterior boundary i is 


VENTRICULAR SEPTAL DEFECT IN TETRALOGY—-ROSENQUIST ET AL.- 


FIGURE 3. Right ventricular view of specimen of 
tetralogy of Fallot in which the muscular band (horl-: 
zontal arrow) extends from point b Into left ventricle, 
blending into anterlor leaflet of mitral vaive, and does 
not Insert upon. ventricular septum (JH 22392). Verti- 
cal arrow points to entrance (not visible) of hypertro- 
phied infundibular chamber. MV = mitral valve; other 
abbreviations as In Figure 1. 


described as adjacent to the pars membranacea. 
Goot et al.14 classified 3 different types of ventricular 


septal defects in tetralogy. In type I the incomplete 


membranous septum and the fibrous continuity of 
the aortic and tricuspid valves form the posteroinfer- 
ior border of the defect. In type III the posteroinfer- _ 
lor margin of the defect is formed by a rather large 
muscular band which separates it from the fully de- 
veloped membranous septum. Type IE consists of i in- 
termediate cases. 

Our observations were generally consistent with 
those of Goor et al.4+ The muscular band that they 
identified at the posteroinferior: margin of the ven- 
tricular septal defect in 3 of 30 cases of tetralogy un- 
doubtedly is similar.to the muscular band that forms 
the posterior margin of the ventricular. septal defect 
in 42 percent of our cases. We believe that the simi- | 
larity between this muscular band and the parietal 
band of the normal] heart makes it appropriate to 
consider the band an inferior or proximal parietal 
band located in the same site as the parietal band of 
the normal heart. The superior or distal parietal 
band forms the anterior margin of the ventricular 
septal defect, as well as the superior border of the - 
stenotic right ventricular outflow tract. The 2 pari- 
etal bands merge at the crest of. the ventricular sep- 
tum. 

Embryologic implications: The finding of an ap- 
parent division of the parietal band into-2 segments ` 
gives some support to the following embryologic in- 
terpretation: The infundibular septum of the conus, 
which gives rise to the parietal band,1% develops in 2 
parts. The inferior or proximal part of the septum 
remains in the usual position of the parietal band 
and forms the crest of the ventricular septum (the 


inferior margin of the ventricular septal defect). It 


extends from there between the tricuspid and aortic 
valve arinuli to the anterior wall of the right ventri- 
cle, forming the posterior margin of the defect. The 


752  June1973 The American Journal of CARDIOLOGY Volume 31- 


VENTRICULAR SEPTAL DEFECT IN TETRALOGY—ROSENQUIST ET AL. 


superior or distal part of the parietal band is dis- 
placed anteriorly and to the left to form the anterior 
margin of the defect. This is the familiar hypertro- 
phied parietal band or crista supraventricularis that 
forms the superior margin of the stenotic infundibu- 
lum of the right ventricle. The separation of these 2 
parts of the parietal band results in an intracristal 
ventricular septal defect.14 

We believe that the interpretation of a divided pa- 
rietal band may also be applied to the 24 percent of 
our cases in which we observed a fibrous or fibro- 
muscular band extending from the crest of the ven- 
tricular septum posterosuperiorly to the free wall of 
the right ventricle; in these hearts this portion of the 
parietal band (infundibular septum) may have un- 
dergone fibrous rather than muscular differentiation 
in the early embryonic period. Goor et al.}! de- 
scribed a fibromuscular band in the same region in 
13 of their 30 cases. 


Lev and Eckner’ referred to a divided parietal 


band in tetralogy of Fallot when they described a 
“displaced parietal band arching over the pulmonary 
outflow tract,” and added that a “second parietal 


FIGURE 4. Part of left and right ventricles In a speci- 
men of tetralogy of Fallot (JH 35522), showlng posl- 
tion of membranous septum in relatlon to moderately 
thick, muscular posterlor margin of ventricular septal 
defect (segment bc, dotted line). Large asterisk indi- 
cates interventricular portion of membranous septum, 
just posterior to segment bc; small asterisk designates 
atrioventricular portlon which, if heart were positioned 
as it was in the body, would lle posterior and slightly 
superior to the interventricular portion of the membra- 
nous septum. Arrow points to left coronary ostium, 
with small accessory orifice. ant mitral = anterlor 
leaflet of mitral valve; LV = left ventricle: other abbre- 
viations as In Figure 1. 


band filled in the gap between the above mentioned 
parietal band and the anterior leaflet of the tricuspid 
valve.” They did not go on to describe the muscle 
separating the aortic and tricuspid valve rings (seg- 
ment be in this study), which is a continuation of 
this “second parietal band.” Goor et al.11 proposed 
that this muscle is a proximal parietal band that 
arises from the normally positioned proximal conus 
ridges, and that in addition a distal parietal band 
arises from a malpositioned distal conus ridges, caus- 
ing infundibular stenosis because of its abnormal po- 
sition (left and anterior). Thus, both the ventricular 
septal defect and the pulmonic stenosis could be ex- 
plained, at least in part, by a primary malposition- 
ing of the superior or distal parietal band. 

The interpretation of the ventricular septal defect 
of tetralogy of Fallot as an intracristal defect with 
the inferior parietal band coursing along the crest of 
the ventricular septum provides a possible explana- 
tion for the findings of Lev,?:* Titus et al.t> and 
Visioli et al.t® that the atrioventricular conduction 
bundle passes along the left side of the crest of the 
ventricular septum and is covered on the right side 
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by presumptive conal musculature. This muscle 
could be simply the inferior portion of the parietal 
band, which displaces the atrioventricular bundle to 
the left side of the septum, much.as in the normal 
heart. 

In tetralogy of Fallot the aorta not only overrides 
the ventricular septum, but also becomes attached 
to the anterior (free) wall of the right ventricle. Goor 
et al.1! have suggested that this muscular portion of 
the anterior right ventricular wall is conal muscle 
that has become continuous with the aorta as a re- 
sult of the anterior and leftward malpositioning of 
the infundibular septum. Although we agree that the 
muscular portion of the anterior right ventricular 


wall stretches from one parietal band to the other (as. 


it forms the superior margin of the ventricular septal 
defect), we cannot conclude from our observations 
alone that this so-called “‘subaortic conus”?! defi- 


nitely arises from conal musculature. More definitive 
answers await future histologic studies of sequential- 
ly staged fetal hearts with known congenital defects. 
However, in the interim it is intriguing to speculate 
that there may be a developmental relation between 
the malpositioning of the embryonic infundibular 
septum anteriorly and leftward, and the counter- 
clockwise rotation of the aortic annulus in tetralogy, 
as suggested by Goor et al.1 

In conclusion, we propose that 44 of our 67 cases of 
tetralogy of Fallot comprise a spectrum of anomalies 
in which a variable portion of the embryonic infun- 
dibular septum (parietal band) remains in its usual 
position and forms the inferior and posterior margins 
of the ventricular septal defect. The remainder of the 
infundibular septum is positioned anteriorly where it 
partitions off a stenotic outflow tract and forms the 
anterior border of the ventricular septal defect. 
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Left ventricular dimensions and function indexes were measured in 


40 patients with cardiac disease by both angiocardiographic and 
echocardlographic techniques. Good correlation was obtained be- 
tween echocardlographic and anglographic values in 18 patients with 
technically excellent studies obtained by both techniques. The left 
ventricular echogram appears to be an effective technique for the 
noninvasive determination of left ventricular dimensions and volume. 
Echocardiographic indexes of ventricular function, Including percent 
shortening of Internal diameter, mean shortening velocity. of Internal 
diameter, ejection fraction, percent thickening of posterior wall and 


- mean posterior wall velocity, distinguished between groups of pa- 


tients with normal and abnormal teft ventricular functlon. However, a 
single echocardiographic or anglographic measurement does not ap- 
pear to provide selective data for the accurate functlonal classifica- 


‘tion of most individual patients. 


Numerous methods, invasive and noninvasive, have been applied to 
the measurement of cardiac function in man. Data obtained by car- 
diac catheterization and angiocardiography have been very useful 
and usually serve as the standard for other techniques. The assess- 
ment of left ventricular function has become an increasingly impor- 


tant factor in the selection of patients for cardiac and coronary arte- 


rial surgery and in the diagnosis and management of problems asso- 
ciated with acute myocardial infarction. Consequently, a noninvasive 
procedure that could yield quantitative data comparable to those 
provided by cardiac catheterization has become a highly desirable 
goal in clinical cardiology. : 

Echocardiography, a technique that utilizes reflected ultrasound 
to outline cardiac structures and their motion, has gained wide ac- 
ceptance as both a qualitative and quantitative diagnostic procedure 
in a variety of cardiac disorders.1 Several investigators have reported 
studies indicating the potential usefulness of echocardiography for 
the measurement of left ventricular size and function.?-% This report 
describes the application of echocardiography to the assessment of 
left ventricular size and function in 45 patients, 5 with a normal and 


40 with an abnormal left ventricle. The echocardiographic variables - 


correlated well with data obtained during cardiac catheterization. In 


addition, the utility of echocardiography in the assessment of left 
ventricular function in individual patients was evaluated, and the 
limitations of this approach are presented. 


Materials and Methods 


Forty patients (mean age 36, range 16 to 59 years) with cardiac disease 
were studied by echocardiography and cardiac catheterization; both studies 
were within a 24 hour period. The patients included 16 with isolated aortic 
or mitral regurgitation or both; 4 with mixed stenotic and regurgitant val- 
vular lesions; 8 with left ventricular muscle disease (5 with coronary athero- 
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sclerotic heart: disease and 3 with cardiomyopathy); and 
12 with miscellaneous congenital or acquired conditions. 
In addition, 5 normal subjects were studied by echocardl- 
ography alone in order to establish normal values in our 
laboratory. 

. Echocardiography: All echocardiograms were per- 
formed by one investigator using a standard ultrasonos- 
cope (Unirad Corporation, series 100, Denver, Colo). The 
patients were studied in the supine position. The trans- 
ducer was applied to the third or fourth intercostal space 
_ near the left sternal edge with the use of aquasonic gel to 
' insure good acoustic coupling. The anterior leaflet of the 
mitral valve was identified and the transducer directed 
inferiorly and laterally in order to obtain and photograph 
simultaneous calibrated ‘‘time-motion” echograms of the 


left- ventricular posterior wall and septum. At least 3 . 


echograms were obtained with variations of the reject and 
attenuation controls in an attempt to achieve optimal def- 
inition of the interventricular septum and left ventricular 
posterior wall. An -electrocardiographic lead was recorded 
‘on the echogram to facilitate timing of the cardiac cycle. 
Figure 1 illustrates a typical left ventricular echogram 
accompanied by a schematic illustration of certain ven- 
tricular structures and measurements. All patients had 


sinus rhythm, and the following echocardiographic mea- 


surements and calculations were obtained during a repre- 
sentative cardiac cycle from the echogram most clearly 
demonstrating the left ventricular and posterior wall: 

= 1. End-diastolic diameter measured in centimeters as 
_ an internal anteroposterior axis, or minor axis, of the left 
ventricle at the time of the R wave peak. 

2. End-systolic diameter, measured as the shortest in- 
ternal diameter during the same cardiac cycle. 

3. End-diastolic wall thickness, measured in centime- 
ters as the left ventricular posterior wall thickness from 
endocardium to epicardium at the time of the R wave 
peak. 
~ 4. End-systolic wall hine measured at the time of 
the end-systolic diameter. 

5. End-diastolic and end- systolic ventricular volumes, 
calculated in milliliters by using the equation*: volume = 
diameter?. 

' 6. Stroke volume, measured in milliliters and calculated 
as end-diastolic ventricular volume munis end-systolic 
ventricular volume. 

7. Heart rate, measured in beat per minute. 


NORMAL 


Mees LV SEPTUM 
ae 


ECG 


NDOCARDIUM 


2 PERICARDIUM 





8. Cardiac output, measured in milliliters per minute 
and calculated as stroke volume times heart rate. 

9, Eyectton.fraction, expressed in percent and calculated 
as stroke volume/end-diastolic ventricular volume. 

10. Percent of shortening of internal diameter, calculat- 
ed as (end-diastolic diameter minus end-systolic diame- 
ter /end-diastolic diameter) times 100. : 

11. Mean shortening velocity of internal diameter, ex- 
pressed in millimeters per second and calculated as (end- 
diastolic diameter minus end- systolic diameter) times 
10/systolic time. Systolic time is the interval from end- 
diastole to end-systole. 

12. Mean shortening velocity of internal diameter endl 
diastolic diameter) times 10 normalizes the mean velocity 
of shortening for variation in end-diastolic diameter. 

13. Percent thickening of posterior wall, calculated as 
(end-systolic wall thickness minus end-diastolic wall 
thickness /end-diastolic wall thickness) times 100. ; 

14. Mean posterior wall velocity measured in millime- 


‘ters per second and calculated as slope of the tangent to 


the endocardium of the posterior wall during systole. 
Cardiac catheterization and left ventricular cinean- 
giocardiography: Diagnostic left and right heart cathe- 
terization was performed with patients in a supine posi- 
tion, without premedication. Left ventricular end-diastol- 
ic pressure, obtained with use of a saline-filled catheter 
with the zero level at mid-chest level, and forward cardiac 
output calculated by the Fick technique were obtained. 
before the performance of the angiographic studies. Left 
ventricular monoplane cineventriculography in a 30° right 
anterior oblique projection (64 frames/sec) was performed 
either by direct left ventricular injection of 40 to 60 ml of 
meglumine diatrizoate or by the injection of 60 to 80 ml of 
this agent into the main pulmonary artery with levophase 
filming. An electrocardiogram and the systemic arterial 
pressure pulse were recorded on the cinefilm to facilitate 
timing of the cardiac cycle, and a cine calibration scale 
was filmed at the termination of the procedure. Measure- 
ments and calculations were as follows: (1) End-diastolic 
and end-systolic left ventricular diameters were measured 
as internal minor axes that bisected internal long axes 
drawn from the apex to the midpoint plane of the aortic 
valve. The end-diastolic diameter was constructed at the 
time of the R wave peak and the- end-systolic diameter 
was constructed when the ventricular chamber outline 
was visually judged to reach a minimal size. Measure- 


FIGURE 1: Left ventricular echogram from a 
27 year old man with noncardiac chest paln 
and normal coronary arterlograms. The 
“time-motion” echo presentation with elec- 
trocardiographic lead |i is on the left hand 
side. The anterior to posterior direction is 
from top to bottom. The distance between 2 
of the small vertical dots represents 1 cm; 
the distance between 3 horizontal dots rep-. 
resents 1 second. The echogram and sche- 
matic drawing on the right show left ventric- 
ular septal endocardium, posterior wall en- 
docardium (arrow) and the posterior wall 

` epicardium-pericardium. Just anterior to the 
posterior wall echo is a bright echo repre- 
senting a portion of the mitral apparatus. 
End-dlastolic and end-systolic diameters and 
a tangent to the posterior wall echo during 
systolic ejection, to permit calculation of 
mean posterior wall velocity, are shown In 
the drawing. 
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ments were made only when at least 2 beats of sinus 
rhythm preceded the measured beat. 

2. End-diastolic and end-systolic ventricular volumes 
were calculated with the use of a monoplane area-length 
method,?° and the resultant values were corrected with 


the use of the linear regression equations obtained by . 


Kennedy et al.11 from biplane ventriculograms. 

3. Stroke volume, cardiac output, ejection fraction and 
percent of shortening of internal diameter were calculated 
as described for the echocardiographic determination. 

4. Mean circumferential shortening velocity, expressed 
- in centimeters per second, was calculated as end-diastolic 
circumference minus end-systolic circumference/shorten- 
ing time, where shortening time = the number of cine 
frames from end-diastole to end- systole times 0.0156 sec/- 
cine frame minus the average preejection phase (0.05 sec- 
ond). The shortening time was not corrected for average 
preejection phase in patients with mitral regurgitation or 
interventricular septal defects.1? 

5. Mean circumferential shortening velocity /end- dia- 
stolic circumference, expressed in circumferences ‘per sec- 
ond, normalized the mean velocity of shortening for varia- 
tions in end-diastolic circumference. A correlation between 
selected echocardiographic and “angiocardiographic varia- 
bles was calculated using simple linear regression. 


TABLE Il 


Left ventricular functional classification: To evaluate 
the echocardiographic measurement of left ventricular 
function, the 40 patients were assigned to 1 of 3 functional 
‘categories: (1) normal left ventricular function, (2) grade 1 
left ventricular dysfunction, and (3) grade 2 left ventricular 
dysfunction. This functional classification was arbitrarily 
based on a point score derived from 4 criteria including the 


TABLE | 


Point Scores for Classification of Left Ventricular Functlon* 


Clinical Evidence Cardiac Ejection 
Points of Heart Failure [Index _ Fraction LVEDP 
0 Absent 23.0 . 260- $12 
1 2.5-2.9 50-59 12-16 
2 Present 2.0-2.4 40-49 17-20 
3 <2.0 <40 >20 


* The classification of normal left ventricular function required 
a score of zero or 1 point, grade 1 left ventricular.dysfunction 
required 2 to 6 points;-and grade 2 left ventricular dysfunction 
required 7 to 11 points. 


individual and Average Values for Corresponding Left Ventricular Dimensionat and Functional Varlables Determined 


by Echocardiography and Angiocardlography In 18 Patients - 


EDD (cm) 





Case Age Sie Reus IDS (7) TOVN 
no. (yr) Diagnosis E À E A E A E A 
1 36 AR ; sie sett, a eto s-deais 125 172 
2 46 AR 10 6.50 4.03 5.10 34 22 227 270 
3 20 #£#AR,MR 96 8.37 5.88 6.05 26 28 501 455 
4 32 AR,MR „21 5.72 2.36 2.91 44 49 75 162 
5 55 #AR,MR 7.17 4.33 3.86.27 46 206 233 
6 31 #£AR,MR 10 6.37 3.49 5.00 32 22 133 183 
7 47 ARMR 54 6.05 3.02 3.35 34 44 93 112 
8 31 #£=AR,AS,MR 4.75 6.00 3.42 4.42 28 26 125 205 
9 59 AR AS,MR 6.18 7.00 5.52 6.10 11 13 237 341 
JO 57 CAHD 5.17 4.10 4.13 19 20 126 160 
11 36 CAHD 37 6.10 4.71 4.53. 26 26 258 189 
i2 45 CM 12 4.70 3.28 3.46 36 26 134 77 
13 25 ~=IHSS 22 4.96 3.46 3.08 34 38 142 87 
14 17 P$ .00 5.72 2.17 3.80 57 34 125 108 
15 16 PS „45 5.43 2.35 3.36 47 38 88 125 
16 40 PE .82 5.74 1.32 4.12 38 28 56 124 
17 35 PE .86 5.50 2.73 3.47 29 37 57 -144 
18 35  IVSÐD .18 5.45 3.29 3.67 36 33 139 214 
No. 17 17 17 17 17 17 18 
Mean 5.22 6.00 3.50 4.14 33 31 158 187 
SD + 1.04 0.99 1.19 0.95 11 10 104 94 
r 0.73 0.73 0.76 0.85 


ESV (ml) 





l IDY/  MCSV/ 
HR (beats/ EDD EDC 
SV (ml) | min} COQ (liters/min) EF (%) (dia/sec) (circ/sec) 

















A E AEA E A EA E A 


34 24 91 148 75 105 6.82 15.58 73 86 1.26 2.36 
65 189 162 81 72 69 11.70 5.57 71 30 a 
. 204 258 297 198 89 125 26.40 24.70 58 43 0.98 0.98 
19-54 55 167 71.84 3.93 9.02 74 66 1.84 2.10 
82 75 124 158 62 95 7.68 15.02 59 67 
43 76 91 108 79 84 7.08 9.04 68 58... ay 
66 45 66 66 78 109 4.70 7.24 71 60 1.34 1.70 - 
47 97 78 108 60 94 4.68 10.10 62 53 0.96 0.73 
169 266 68 75 73 88 4.38 6.60 35 22 0.40 0.60 
‘70.104 56 “55 59 96 3.30 5.32 45 34 .., ane 
104 129 154 60 56 126 8.62 7.55 60 31 1.06 1.04 
35 45 99 32 83 90 8.09 2.89 73 41 1.41 0.82 
41 41 101 46 75 120 7.54 5.47 71 52 
10 47 115 62 59 60 6.78 3.70 92 56... hae 
13 46 75 .85 62 78 4.63 6.67 85 68 1.65 1.45. 
13 68 43 56 89 90 3.80 5.08 73 45 
20 61 37 83 95 96 3.51 °7.99 65 57... PES 
36 85 103 129 57 71 5.87 9.15 74 61 1.41 1.00 
18 18 18 18 18 18. 18 18 18 18 10 10 
60 95 101 95 72 93 7.20 8.70 67 52 1.23 1.28. 
53 72 60 47 12 18 5.27 5.21 13 16 0.40 0.60 
0.92 0.80 0.61 


0.70 


A = angiocardlogram; AR = aortic regurgitation; AS = aortic stenosis; CAHD = coronary atherosclerotic heart dlsease; circ = clir- 
cumference; CM = cardiomyopathy; CO = cardiac output; dia = dlameter; E = echocardiogram; EDC = end-diastolic circumference; 
EDD = end-diastolic diameter; EDV = end-diastolic ventricular volume; EF = ejection fractlon; ESD = end-diastolic dlameter; ESV = 


end-systolic ventricular volume; HR = 


heart rate; IDS = percent of shortening of internal dlameter; IDV = mean shortening velocity 
of internal dlameter; IHSS = idiopathic hypertrophic subaortic stenosis; (VSD = 


interventricular septal defect; MCSV = mean circum- 


ferential shortening velocity; MR = mitral ‘regurgitation; no. = number, PE = pulmonary thromboembolic disease; PS = pulmonic 
stenosis; r = linear regression correlation coefficient; SD = standard deviation; SV = stroke volume. 
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presence or absence of clinical left ventricular failure and 
the values for forward cardiac index, left ventricular end- 
diastolic pressure and left ventricular ejection fraction -as 
determined at cardiac catheterization (Table J). 


Results 


In 30 of the 40 patients (75 percent) it was possible 
to obtain left ventricular septal and posterior wall 
endocardial echograms of a quality that permitted 
the measurement of ventricular internal diameter, 
volume, cardiac output and internal diameter veloci- 
ty. Clear definition of both the endocardial and epi- 
‘cardial posterior wall echoes was present in 35 of the 
40 patients (88 percent), and this permitted the cal- 


ent in the 18 patients, although reasonably consis- 


tent differences existed in the magnitude of variables 


- measured by the 2 techniques. For example, the heart 


culation of posterior wall thickness and the percent _ 


thickening with systole. The posterior wall endocar- 
_ dial echo was clearly defined in 39 of 40 patients (98 
_percent) and allowed the measurement of posterior 
wall shortening velocity. 

Variables that describe left ventricular chamber 
size and function were correlated in 18 patients who 
had both echocardiographic and angiocardiographic 
studies of excellent quality (Table II). Ten of the re- 
maining 22 patients did not have the simultaneous 
left ventricular septal and posterior wall echogram 
required for volume calculations, and in the remain- 
ing 12 patients the cineventriculogram was not con- 
sidered optimal for the calculation of ventricular vol- 
umes. Acceptable correlations between echocardi- 
_ ographic and angiographic measurements were pres- 


TABLE IH 


rates during angiocardiography were considerably 
greater (by an average of 21 beats/min) than those 
present during echocardiography and, in turn, the 
echocardiographic values for stroke volume were 
larger and those for cardiac output were smaller than 
values calculated from angiographic studies. Angio- 
graphically measured ventricular volumes were usual- 
ly larger, despite the faster heart rates, than those 
determined by echocardiographic study. The 2 tech- 
niques gave nearly equivalent values for percent in- 
ternal diameter shortening (mean values 33 percent 
and 31 percent, respectively), whereas echocardi- 
ographic calculations of ejection fraction (mean 67 
percent) usually. exceeded the ane lerapnte calcula- 
tions (mean 52 percent). 

Assessment of left venna function: Table 
II summarizes the echocardiographic and angio- 
graphic values for variables measured in patients 
grouped according to. the clinicohemodynamic as- 
sessment of left ventricular function and shows the 
echocardiographic measurements in the 5 normal 
subjects. The normal subjects demonstrated a much 
smaller end-diastolic ventricular volume, with a 
thicker posterior wall, and a lower level of heart rate, ' 
stroke volume and cardiac output than did the pa- 
tients with normal left ventricular function. The 
values for ejection fraction and percent of shortening 
of internal diameter were equivalent in the 2 groups 


Mean Values for Echocardiographic and Anglocardiographic Variables Describing Left Ventricular Dimensions and Function 
in 3 Functional Classes of Cardiac Patients and 1 Group of Normal Subjects 


EDD 


ESD . IDS- EDV ESV 
(cm) (cm) - (%) ` (m) (ml) 
Normal subjects 
no. 5 5 5 5 5 
Mean 4.02 2.46 39 67 17 
SD 0.37 0.48 8 18 7 
Clinical-hemodynamic - - i 
functional classes 
Normal 
no. 8 .8 8 8 8 
Mean 5.30 3.24 40 162 42 
SD 0.93 0.93 10 94 33 
Grade 1 . 
no. 14 14 14 14 14 
Mean 5.51 3.72' 32 188 64 
SD . 1.16 1.07 ‘5° 121 50 
Grade 2 
no. 8 8 8 8 8 
Mean 6.25 4.85 23 265 133 
SD 1.13 ROF 8 134 71 


Echocardiographic Measurements 


SV (beats/ CO EF EDWT ESWT PWT PWY = IDV/EDD 

(ml) min) (liters/min} (%) (cm) (cm)  (%) (mm/sec) (dia/sec) 
5 5 5 5 4 . 4 4 5 5 

50 «60 3.020 76 1,27 1.72 34 41.0 1.26 
12 5 0.660 8 0.18 0.13 8 6.0 0.23 
8 8 8 8 12 2 12 13 5 

119 6&6 7.60 75 1.06 1.79 76. 47.9 1.50 
69 8 Safe A 0.28 0.50 48 11.3 ‘0.19 
144 14 14 l4 14 14 14 18 11 

123 76 9.40 67 1.20 1.80 50 44.7 1.22 
74 12 6.54 7 0.21 0.25 18 13.0 0.26 
8 8 8 8 9 9 g 8 6 

136 71 9.87 53 1.30 1.70 30 34.0 0.84 
86 10 7.12 14 0.20 0.32- 14 17.6 0.33 


EDWT = end-diastolic wall thickness; ESWT = end-systolic wall thickness; PWT = percent thickening of peel wall; PWV = mean 


posterior wail velocity. Other abbreviations asin Table ll. 
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PERICARDIUM 


FIGURE 2: Left ventricular echogram from a 23 year old man with ` 
isolated severe aortic regurgitation (New York Heart Assocla- 


tlon functional class !). The structures and calibration are the 
same as described for Figure 1, and the slope of the posterior 
wall echo during systolic ejection Is shown by the heavy IlIne. 


Measurements of left ventricular dimensions and function for 


this echogram are presented In the text. 


although the mean posterior wall velocity and mean 
shortening velocity of internal diameter/end-diastol- 
ic diameter were somewhat lower in normal subjects. 


The 3 patient groups were separated by the echocar- | 


diographic variables in a predictable manner. Echo- 


cardiographic measurements of left ventricular end- - 


diastolic volume and wall thickness increased with 
decreasing left ventricular- function. Measurements 


of left ventricular function such as percent of short- | 


ening of internal diameter, ejection fraction, mean 
posterior wall velocity and mean shortening velocity 
of internal diameter/end-diastolic diameter showed a 
progressive decrease from a state of normal left 


ventricular function to grade 2 dysfunction. Total | 


left ventricular stroke volume and cardiac output 
measured by echocardiogram were greater in the 
groups with left ventricular dysfunction, which in- 
cluded a number of patients with moderate to severe 
aortic and mitral regurgitation. The angiographic 


measurement. of left ventricular size and function. - 


(Table IH) confirmed the- echocardiographic evalua- 
tion of these patient groups. 

Left ventricular dimensions: A considerable 
range in left ventricular dimensions was observed in 
the echocardiographic studies. In 5 patients with a 
normal left ventricle -(not subjected to: pathologic 
overload) left ventricular end-diastolic diameter was 


4.63 cm (+1 standard deviation, range 4.11 to 5.15 _ g 
cm); in 5 patients with left ventricular muscle disease’ 


the diameter was 5.34 cm (range 4.80 to 5.88 cm); 
and in 13 patients with isolated left ventricular vol- 
ume overloading (due to mitral or aortic regurgita- 
tion) the diameter was 6.32 cm (range 5.17 to 7.47 
cm). The left ventricular end-diastolic volumes in 
these patients were as follows: normal left ventricle 
103 ml (range 70 to 136); left ventricular-muscle dis- 
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-1.21),- 
. (range 0.98 to 1.36) and in left ventricular volume 
- - overload 1.28 cm (range 1.07 to 1.49). 
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ease 157 ml (range 105 to 209) and left ventricular 
volume overload 275 ml (range 138 to 412). The left 


ventricular end-diastolic posterior wall thickness in 
the normal left ventricle was 0.99 cm (range 0.75 to 
in left ventricular muscle disease 1.17 cm 


An individual echogram from a patient with severe 


volume overloading is shown in Figure 2 and demon- 
- strates a marked increase in left ventricular internal ` 


diameter and wall thickness with good left ventricu- 
lar function. The end-diastolic diameter in this pa- 
tient was 7.15 cm, end-diastolic ventricular volume 
366 ml, percent thickening of posterior wall 1.48 cm, 
percent of shortening of internal diameter 31 per- 


cent, ejection fraction 67 percent, mean posterior . 


wall velocity 46.6 mm/sec and mean shortening ve- 


locity of internal diameter/end-diastolic diameter . 


1.25 diameters/sec. In contrast, Figure 3, the echo- 
pram from a patient with mixed aortic and mitral val- 
vular disease, also shows chamber enlargement but 
severe left ventricular dysfunction. The end-diastolic 
diameter in this patient was 6.18 cm, end-diastolic 
ventricular volume 237 ml, percent thickening of 
posterior wall 1.28 cm, percent of shortening of inter- 


- nal diameter 11 percent, ejection fraction 35 percent, 
“mean posterior wall velocity 21 mm/sec and mean 


shortening velocity of internal diameter /end-diastol- 
ic diameter 0.4 diameters/sec. Although these exam- 
ples manifest a clear difference in left ventricular 
function, the individual data describing left ventric- 
ular furiction for.patients in the 3 groups showed a 
great deal of variability. This is illustrated in Figure 
4 where the individual and mean values for 5 echo- 
cardiographic variables describing left ventricular 
function are plotted. Patients with normal left ven- 


with grade 2 left ventricular dysfunction by the ejec- 


‘ “we re Eea, 
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FIGURE 3: Left. ventricular echogram from a 59 year old man 


with combined aortic stenosis and regurgitation and mitral re- 
gurgitation (New York Heart Association functional’ class IV). 
The format is similar to that of Figures 1 and 2, and the echo- 
cardiographic measurements are also presented in the text. 
Note the presence of bigeminal rhythm. 
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~ 


tion fraction and mean shortening velocity of inter- 
nal diameter/end-diastolic diameter measurements, 
but considerable overlap exists between patients 
with grade 1 and grade 2 left ventricular dysfunction 
regardless of the echocardiographic variable selected. 
Figure 5 demonstrates the same overlap between pa- 
: tients in left ventricular function groups when the 
individual data for 3 angiographic indexes of left 
ventricular function are plotted. 


Discussion 


Correlation of echocardiographic and angio- 
. graphic measurements: Several previous studies 
have shown that echograms of the anteroposterior 
minor axis of the left ventricle permit the noninva- 
sive, quantitative measurement of ventricular vol- 
‘umes, stroke volume, ejection fraction and cardiac 
output as well as left ventricular free wall thickness 
and left ventricular mass.2§ The left ventricular 
echogram has also been used in an attempt to assess 
left ventricular function by measuring maximal and 
mean posterior wall shortening velocity, ™9 posterior 
wall systolic thickening,® and the calculated circum- 
ferential shortening velocity.2 These studies have 
. shown a good correlation between the echocardio- 
graphic and angiocardiographic measurement of left 
ventricular intemal diameter, volumes, wall thick- 
_.ness and chamber mass,?4:8 and also between stroke 
volumes determined by echocardiography and the 


IDS (%) 





NS NP I 2 NS NP I 2 


IDV/EDD 
(diameters / sec) 


NS NP 
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Fick or dye-dilution techniques in patients without 
mitral or aortic regurgitation.4 Echocardiographic 
measurements of ejection fraction, internal diameter 
shortening and posterior wall thickening have also 
correlated well with the angiographically determined 
ejection fraction.*:38 Troy et al.,® utilizing an inde- 
pendent analysis by 2 observers of both single and 
serial echograms from the same patients, suggested 
that echogradiographic measurements of left ventric- 
ular dimensions are quité reproducible. | 

The present study confirms an acceptable positive’ 
correlation between most echo and angiographic 
measurements of left ventricular dimensions (Table 
I), although a poor correlation was obtained between 
echo posterior wall, thickness and the angiographic 
anterior wall thickness or calculated left ventricular 
mass. The echocardiographic indexes of left ventric- 
ular function (ejection fraction and mean shortening 
velocity of internal diameter/end-diastolic diameter) 
also correlated well with their respective angiograph- 
ic measurements (ejection fraction and mean cir- 
cumferential shortening velocity/end-diastolic. cir- 
cumference), whereas a relatively poor correlation 
was obtained between echocardiographically deter- 
mined mean posterior wall velocity and angiographic- 
ally determined and angiographic ejection fraction 
or mean circumferential shortening velocity /end-dia- 
stolic circumference. The generally good correlation 
between echocardiographic and angiographic data in 
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FIGURE 4: individual values for echocardlographic indexes of left ventricular function are plotted for normal subjects (NS), pa- 
tients with a normal left ventricle (NP), patients with grade 1 left ventricular dysfunction (1), and patients with grade 2 left ven-. 
tricular dysfunction (2). The patient classification is explained In Table |. The thin horizontal bars represent group mean values. 


EF = ejection fraction; IDS = 


percent of shortening of internal diameter; [DV/EDD = mean shortening velocity of Internal di- 


ameter /end-diastolic dlameter; PWT = percent thickening of posterior wall; PWV = mean posterior wall velocity. 
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FIGURE 5: Individual values for 3 anglographic indexes of left’ 


ventricular function are plotted for the 3 groups of patients clas- 
sified according to left ventricular function.-The format and ab- 
breviations are similar to Figure 4 and are explained in the text. 


our experience, and as reported. by others, is actually 
surprising in view of the following several points of 
difference between the techniques: (1) The use of an- 
giographic contrast material, particularly by injec- 
tion into the pulmonary artery for levophase filming, 
results in relative hypotension with reflex tachycar- 
dia (personal observation), and the administration of 
contrast material has been reported to depress cardi- 
ac contractility!%; 2) the echocardiographically de- 
termined left ventricular minor axis (internal diame- 
ter) may not be equivalent to the short axis as mea- 
sured from monoplane or biplane angiographic films; 


and (3) the assumptions necessary to permit the cal- 
culation of ventricular volumes and related variables 


from a single left ventricular dimension by the echo- 


cardiographic technique could induce a significant : 
difference between echocardiographic ` and angio- 


graphic data. 

Technical problems: Several technical problems 
must be considered in regard to the performance of 
left ventricular echocardiography. The ability to ob- 


tain consistently high quality left ventricular echo-.. 


grams for the measurement of internal diameter and 
posterior wall thickness requires considerable train- 
ing and experience on the part of the technician or 
investigator. A review of current literature indicates 
a success rate ranging between 60 and 90 percent in 
laboratories performing left ventricular echograms. 


We most frequently experienced difficulty.in patients , 


with.a marked degree of ventricular dysfunction, 


= beats/min). 


. emphysema or a very small ventricular chamber. 
‘The improvement of echo transducer and electronic 
-. design and the use of an echo scanning mode with a 


direct time-motion writeout to aid in the localization 
of left ventricular structures offer the promise of a 


- higher yield and technically improved echograms. 


_ Assessment of left ventricular function: A num- 
ber of observations concerning the echocardiographic 
variables measured in this report deserve comment. 
The much larger end-diastolic diameter, end-diastol- 
ic ventricular volume, ‘stroke volume and cardiac 
output: values in patients with normal left ventricu- 
lar function compared to those of normal subjects 
may reflect a difference in the resting inotropic state 


‘and preload of the ventricle, since 4.of 5 normal 


subjects slept.during the echocardiographic studies 
and had a lower average heart rate (60 versus 66 
In addition,,. left ventricular volume 
loading was present in 5 of the 13 patients with nor- 
mal left ventricular function (4 patients with aortic 


or mitral regurgitation and 1 patient with an inter- 


ventricular septal defect). The average echocar- 
diographic values for left ventricular chamber size 
and wall thickness provided a degree of separation 
equal to that obtained with angiographic measure- 
ments, between groups of patients with a normal left 
ventricle and those with left ventricular muscle dis- 
ease or volume overloading where dilation or hyper- 


trophy, or both, was expected. Similarly, the average 


echocardiographic values for variables describing left 


ventricularsfunction (for example, percent of short- 


ening of internal diameter, ejection fraction, mean 
shortening velocity of internal diameter/end-diastol- 
ic diameter, percent thickening of posterior wall and 


‘mean posterior wall velocity) were as effective as an- 


giopraphic function indexes (for example, percent of 
shortening of internal diameter, ejection fraction and 
mean circumferential shortening Velocity /end-dia- 


stolic circumference) in separating the 3 groups of 


patients classified according to left ventricular func- 
tion. However, the individual values for echocardi- 


ographic indexes of ventricular function showed a 


great deal of overlapping in those patients who rep- 


‘resented a wide range of left ventricular function 


(Fig. 4). Patients with mitral regurgitation or left 


_ ventricular aneurysm may have normal or only 


slightly depressed ejection fractions and shortening 
velocities in the presence of significant left ventricu- 
lar dysfunction, since the ventricle in these condi- 
tions can more readily eject or redistribute the end- 
diastolic volume than is possible in other forms of 
left- ventricular disease. However, when 9 patients 
with moderate or severe mitral regurgitation and 3 
patients with large left ventricular dyskinetic areas 
were excluded from the analysis of function groups 
the separation of individual and mean values for left 
ventricular function indexes was not noticeably im- 
proved. 

Several studies have reported the results of ven- 
tricular function testing by echocardiogram. Kraunz 


et al.7-14 demonstrated that measurements of left 
`- ventricular posterior wall velocity: respond to acute 
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alterations in left ventricular function induced by ex- 
ercise in normal subjects, and by the infusion of va-. 
soactive drugs in patients with heart disease. The 


extent of posterior wall excursion and mean posterior: 


wall velocity was shown by Inoue et al.? to separate 
patients with acute myocardial infarction from nor- 
mal subjects and from patients with healed myocar- 
dial infarction, although no significant differences 
existed between the latter 2 groups. Paraskos et al.§ 
have shown that echo measurements of circumferen- 
tial shortening velocity can separate patients with 
clinically normal left ventricular function from those 
with clinically abnormal function, although excessive 
overlapping of individual values was also present in 
their data. When they eliminated the data obtained 
from patients with severe mitral regurgitation or left 


ventricular dyskinesis the separation of patients with: 


normal and abnormal left ventricular function was 
improved. 

Clinical implications: It would appear that a sin- 
gle left ventricular echogram has limited value for 
the functional classification of an individual patient, 
asidé from confirming the clinically obvious differ- 
ence between patients with normal left ventricular 
function and severe left ventricular dysfunction. ‘The 
same conclusion can be drawn for the value of direct 


. ` angiographic indexes of ventricular function (Fig. 5), 


and for many hemodynamic variables including left 


ventricular end-diastolic pressure, cardiac index and 
the maximal rate of rise of left ventricular pressure 
(max dP/dt) (unreported observations from our lab- 
oratory). We believe that an accurate assessment of 
left ventricular function in many individual patients 


. can be obtained only by integrating the clinical signs 


and symptoms, work capacity and cardiorespiratory 
response to maximal exercise testing, and a number of 
hemodynamic, angiographic or echocardiographic 
function indexes interpreted in the context of the pa- 
tient’s cardiac disease. 

The results of other investigators and our own ob- 
servations suggest that a major role of echocardio- 
graphy in clinical cardiology may be the monitoring 
of left ventricular function indexes and chamber di- 
mensions by serial studies rather than by a single 
echocardiographic study. Sequential changes in 
these variables may provide a sensitive, noninvasive. 
method of detecting cardiac enlargement, ventricular 
dysfunction or a functional response to therapeutic 
interventions in the individual patient. 
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Thirteen patients with hypertrophic: subaortic stenosis underwent 
right and transatrial septal left heart catheterization. Outflow ob- 
struction was measured in the resting state and during a variety of 
stimulating maneuvers before and after the intravenous administra- 
tion of 150 „g/kg of propranolol. The patients were then treated 
with orally administered propranolol and followed up for an average 


period of 17 months. Nine patients were avallable for a second cath-’ 


eterization, durlng which detailed hemodynamic measurements were 
repeated. Most patients had an initially favorable response to propra- 
nolol. However, 3 with an Initially good response had a ‘return of 
symptoms during the perlod of study. The initial clinical response 
appeared to correlate with the reduction of outflow obstruction seen 
after intravenous administration of propranolol. The long-term clinical 
course correlated with the hemodynamic findings at the second 
catheterization. The severity or lability of the outflow obstruction dur- 
Ing the initial catheterization did not appear to have predictive value 
for the patient’s response to long-term therapy. Propranolol had. a 
favorable effect on the symptomatic state of the patients, but did not 
appear to enemas the course of the underlying disease. 


Hypertrophic subaortic stenosis was first ou as a distinct clin- 
ical and pathologic entity only 16 years ago,! and has since been the 
subject of great interest and much investigation. A fascinating 
pathophysiologic characteristic of this condition is the marked vari- 
ability of the left ventricular outflow obstruction. Numerous phar- 
macologic and physiologic maneuvers have been noted to increase 
the degree of this obstruction. These have included the administra- 
tion of digitalis and other inotropic agernts,? intravascular volume 
depletion,? reduction of systemic blood pressure4 and the adminis- 


tration of nitroglycerin. Medical therapy in patients with hypertro-. 


phic subaortic stenosis and angina pectoris or congestive heart fail-. 


ure has frequently involved the administration of agents that have 
been found to increase the outflow obstruction, and patients with 
this disease have been noted to. have an exacerbation of symptoms 
after conventional therapy. 

- Recognition that catacholamine stimulation produced an increase 
in outflow obstruction? logically led to an attempt to treat this 
condition with beta adrenergic blocking agents. Harrison et al.8 


. demonstrated that infusions of pronethalol caused a reduction jn the 


gradients induced by exercise and occurring during the postexercise 
period. Cherian et al.® showed an irregular effect in reducing the 
postextrasystolic gradient. Reportedly, propranolo] had little effect 
on the resting hemodynamic status.8:19 Some studies concluded that 
long-term propranolol therapy produced symptomatic improve- 
ment,11 particularly in patients with angina pectoris,!* whereas oth- 


ers concluded that it increased heart failure or produced only tran-. 
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TABLE I 


Symptomatic Response of Patients Receiving Long-Term 
Oral Propranolol Therapy 


Patients ao 
Symptom (n0.) Improved Unchanged Worse — 
Angina pectoris 8 6 2 0 
Dyspnea 10 8 2 0 
Palpitation 6 4 2 0 
Orthostatic 2 0 0 2 


‘hypotension* . 


* No patient hąd presenting symptoms of orthostatic hypoten- 
slon. These symptoms developed in 2 patlents while they were 
ene propranolol thera PY: 


sient benefits.13 Adelman et al.14 reported symptoni- 
atic improvement in most patients with hypertrophic 
subaortic stenosis treated with propranolol, and felt 


‘that deterioration after initial improvement was due 


to progression of the basic disease process. 


The present study was undertaken in an attempt 


to determine more clearly the results of beta adren- 


ergic blockade in hypertrophic subaortic stenosis, 


(0.045 inch imner diameter) was advanced into the central’ 


and to correlate its clinical and hemodynamic ef- 
fects. Initial findings were presented in an eärlier re- 
port. 15 This paper presents the results of the oral ad- 
ministration of propranolol over an extended period 
of time. . 3 
Methods 

` The initial study group consisted of 13 patients with hy- 
pertrophic subaortic stenosis. All patients underwent right 
and trdnsatrial septal left heart catheterization, with a 
Brockenbrough catheter positioned just within the inflow 
zone of the left ventricle. In 7 patients’ brachial arterial 


pressures were measured with use of a Cournand needle, 
and in 6 patients a radiopaque polyethylene catheter 


aorta by the Seldinger technique..Pressures were méa- 
sured by means of Statham P23Db transducers and were 
recorded on a’ Hewlett-Packard physiologic recorder. Car- 
diac output was measured by the Fick method. 

- The details of the study have been described previous- 
ly:15 Briefly, left ventricular outflow gradients were mea- 
sured many timés in the resting and nonstimulated state, 
and also after the induction of premature ventricular con- 
tractions, after inhalation of amyl nitrite, during the Val- 
salva maneuver, after infusion of isoproterenol- ‘and during 


-and after mild supine leg exercise. The patients were then 


given 150 ug/kg of intravenously administered propra- 


nolol, and the measurements were repeated. 


After the initial catheterization, oral propranolol thera- 
py was instituted in each patient. The quantity of propra- 
nolol was increased until significant symptomatic im- 


‘provement occurred, the heart rate-fell to 50 beats/min, 


or unacceptable side effects appeared. During the period 
of dose: adjustment, patients were seen every two to four 
weeks by one of us. Once the dose was stabilized, patients 
were seen at least every 3 months. The final dose ranged 


. from 120 to 240 ‘mg/day. Nine patients underwent repeat 


é 
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catheterization 12 to 24 months (average 17 months) after 
the initial study. Administration of propranolol was con- - 
tinued up to the time of the second study; 2 to 4 hours was 
the usual interval, between the administration of the last 
oral dose and the hemodynamic measurements. The same 
protocol used during the initial study was followed for 
eliciting gradients and measuring cardiac output. 


Results 


Clinical results of propranolol therapy: Thirteen 
consecutive patients with hypertrophic subaortic ste- 
nosis, 6 men and 7 women ranging in age from 28'to 
69 years, were treated with orally administered 
propranolol. Eight patients had angina pectoris, 10 
had symptoms of left heart failure such as dyspnea 
on exertion, paroxysmal nocturnal dyspnea ot or- 
thopnea, and 6 patients experienced palpitation 
which was documented in 4 cases tq be due to parox- 
ysmal supraventricular arrhythmias (Table J). With 
orally administered propranolol, the severity of an- 
gina pectoris decreased in 6 patients and was -un- 
changed in 2, symptoms of heart failure lésgened in 
8 and were unchanged i in 2, and palpitation decreased 
in 4 and was unchanged in 2. Two patients, one with ` 
mild angina and dyspnea on exertion, the other with 
moderately severe. palpitation and dyspnea on exer- 
tion, could not tolerate the drug because of increased 


SYMPTOMAT!C RESPONSE TO 
LONG-TERM PROPRANOLOL 


eS ee ee 
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PROPRANOLOL RESPONSE RESPONSE 
FIGURE 1. Changes in the New York Heart Assoclation 


(N.Y.H.A.) classification of patients receiving oral propranolol 
therapy. The initial response was assessed 2 to-3 months after 
institution of therapy, and the long-term response 12 to 24 
months after the start of therapy. In this and subsequent figures 
the dotted lines indicate patients who had an initial symptomatic 
response that was maintained throughout the period of study; 
the cross-hatched lines, patients who had an Inlitlal response but 
then a return of symptoms; the alternating dotted and dashed 
line, the patient with continuing clinical Improvement; and the 
solid line, the patients who had to discontinue the drug. 
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fatigue and symptoms of orthostatic hypotension. 
However, the patient with dyspnea and palpitation 
noted subjective improvement during the period of 
propranolol administration. 


Before therapy, 5 patients were classified in New 


York Heart Association functional class II and 8 pa- 
tients in class II (Fig. 1). The initial response to 
orally administered propranolol (assessed 2 to 3 
months after institution of therapy) resulted in 
symptomatic improvement of one class or more in 11 
patients. One patient (Case 9) subsequently contin- 
ued to show clinical improvement, and by the time 
of the second catheterization was asymptomatic. 
Two patients (Cases 3 and 5) showed. initial im- 
provement and then had a return of symptoms, but 
their functional status was still somewhat better at 
the conclusion of the long-term follow-up- studies 


than it had been before therapy. One patient (Case. 


8), after an initial favorable clinical response, re- 
turned to his previous symptomatic level. 


Electrocardiographic evidence of left ventricular 
hypertrophy was present in 7 of the 11 patients in 
whom propranolol therapy was continued, and this 

' finding did not change appreciably over the period of 
study. Radiographic evidence’of left ventricular en- 


_ largement was seen in 8 of the 11 patients, and there 


was no change in cardiac size during the follow- -up 
period. 

Hemodynamic responses to propranolol thera- 
. py: The detailed hemodynamic measurements for 
the 9 patients who underwent repeat catheterization 


are presented in Tables H through IV. Two patients, 


both with a favorable long-term symptomatic re- 
sponse, were unavailable for follow-up catheteriza- 
tion. The average resting heart rate while the pa- 
tients were taking orally administered propranolol 
(62 beats/min) was essentially the same as that ob- 
served after intravenous administration of propranol- 
ol (65 beats/min), thereby suggesting that there was 
an equivalent degree of beta adrenergic blockade. 


TABLE |I ? 
Hemodynamic Data: Effect of Isoproterenol and Premature Ventricular Contractions 
in 9 Cases 
ae Control Isoproterenol ` Control PVC 
no, State HR LVP ART HR LVP ART LVP ART - LVP ART 
1 Before propranolol 72 168/13 > 195/121 88 256/15 . 193/100 160/12 186/124 258/17 186/90 
IV propranolol 59 154/8 174/114 61 149/7 1717114 ‘183/10 207/134 266/13 193/100 
Oral propranolol 54 146/8 146/100 56 150/8 144/94 164/10 170/106 172/20 166/90 
2 Before propranolol 68 123/13 132/75 110 187/9 119/60 131/12 136/78 144/11 117/56 
IV propranolol 58 123/11 129/78 63 121/11 127/77  ~- 124/10 133/78 157/15 132/63 
Oral propranolol 46 136/14 141/78 53 124/12 124/68 127/12 134/77 116/14 122/68 
3* Before propranolol 81 165/12 148/60 100 174/17 107/48 
IV propranolol 58 138/10 141/57 59 138/10 144/57 i sa a a 
Oral propranolol! 53 164/14 162/60 55 164/14 148/58 160/20 162/62 160/18 126/56 
4 Before propranolol 95 125/10 138/80 128 232/24 121/77 - 131/6 131/78 307/13 90/54 
IV propranolol 75 118/11 136/86 75 115/10 135/86 113/10 128/83 112/13 115/64 
Oral propranolol 82 114/12 132/78 86 114/12 132/75 115/14 129/72 191/20 117/55 
5 Before propranolol 58 155/12 122/84 75 184/19: 85/47 147/15 127/84 237/23 93/48 
IV propranolol 62 149/16 152/84 67 132/16 139/78 139/14 129/88 208/16 96/59 
Oral propranolol 43 157/10 121/65 45. 166/10 111/60 162/19 139/70 196/22 108/57 
6 Before propranolol 86 170/14 91/62 125 218/10 97/53 . 128/8 - 921637 145/10 102/61 
IV propranolol 67 100/12 85/60 72 100/12 87/60 113/12 103/65 107/11 97/58 
Oral propranolol 68 124/14 113/73 70 129/10- 113/75 128/9 124/76 132/12 115/68 
7* Before propranolol 85, 130/16 86 /54 103 144/19 90/54 96/19 99/67 102/9 93/58 
IV propranolol 71 99/16 86/61 71 -> 106/19 86/61 109/18 83/58 122/14 78/51 
Oral propranolol 70 124/24 84/63 70 112/26 87/59 102/27 85 /57 126/29 83/47 
8 Before propranolol 82 138/10 124/65 - 122 172/15 100/55 141/10 120/57 145/11 114/50 
IV propranolol 70 ia 114/58 74 R ee 139/14 . 119/60 155/15 119/57 
Oral propranolol a eats ; 155/12 88/47 212/21 98/39 
9* Before propranolol %4 T 115/50 107. 216/24 nares 177/25 98/41 206/25 93/31 
IV propranolol ` 74 196/19 136/61 74 193/19 138/64 186/18 142/72 236/22 130/55 
Oral propranolol 58 167/10 167/86 58 : 162/9 162/84 164/15 157/81 189/22 127/71 


ART = arterlal pressure (mm Hg), measured in aorta when starred, otherwise in brachial artery; HR = heart rate (beats/min); IV = 


intravenous; LVP = left ventricular pressure (mm Hg); PVC = premature ventricular contractlons. 
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TABLE IH 
Hemodynamic Data: Effect of Exercise 








Ca A - Control Exercise 2 Minutes After Exercise 
se : i eR SLPS aa Le ee Oe ee E E Lee ree K dassieae eeiney take eee 
no. State HR _ LVP ART HR LVP ART HR LVP ART 
1 Before propranoloj 64. 177/13 202/124 95 231/19 250/137 
IV propranolol l 58 167/13 186/117 87 201/25 219/128 Sule TER 
Oral propranolol 56 172/14 174/104 75 192/28 194/112 56 178/12 176/100 
2 Before propranolol 75 125/12 130/77 97 139/12 147/80 79 139/12 145/82 
iV propranolol 56 125/17 133/78 83 124/17 134/76 - 71 124/13 131/75 
Oral propranolol = — 46 | 136/14 141/70 ~ 93 176/17 176/96 61 125/14 128/69 
3* Before propranolol 83 167/14 167/69 103 184/12 172/64 94 183/14 141/60 
IV propranolol 60 146/14 147/60 75 148/19 161/57 61 148/16 141/52 
Oral propranolol 57 178/20 178/64 91 . 194/22 200/74 67 160/28 * 118/52 
4 Before propranolol 85 130/10 137/80 136 
IV propranolol — 71 113/10 128/83 ae eo oe Sag ee e 
Oral propranolol 82 114/12 132/78 97 133/27 120/69 86 122/19 130/73 
5 Before propranolol - 67 156/22 161/82 92 183/32 189/87 94 194/29 - 130/59 
IV propranolol 62 149/19 161/84 77 167/28 177/85 68 158/25 164/84 
Oral propranolol - 43 136/19 144/69 60 170/36 170/84 55 156/26 136/69 
‘6° Before propranolol 79 175/15 109/71 5 °'175/17 ` 141/92 
IV propranolol 71 102/14 93/61 88 142/22 148/81 64 a i eos 
Oral propranolol 70 120/10 108/72 92 136/21 129/90 68 129/12 118/75 
p Before propranolol . 77 112/19 90/61 115 119/29 109/74 103 122/19 106/74 
IV propranolol . 67 86/16 86/61 97 > 96/26 96/70 ‘86 93/22 90/61 
Oral propranolol - 70. 104/24 84/63 89 120/50 114/77 75 110/38 98/68 
8 Before propranolol 81 133/11 115/60 ' 
IV propranolol 71 142/12 115/57 
Oral propranolol TE agers see fou vr sus ue 
g* Before propranolo! 94 (224/17 134/61 122 268/38 165/69 107 262/24 143/62 
iV propranolol 76 189/15 144/70 94 182/17 143/72 79 198/17 127/64 
Oral propranolol 59 155/10 144/77 88 186/22 186 /44 65 217/14 141/76 


Abbreviations as in Table Il. 


‘The maximal resting nonstimulated gradient ob- 
served during the catheterizations (Fig. 2) fell from 
an average of 36 mm Hg in the control period to 10 
mm Hg while the patients were receiving oral 
propranolol therapy. The reduction of the maximal 
resting gradient after intravenous administration of 
propranolol was statistically significant (P <0.05). 
However, the reduction with oral propranolol thera- 
py did not reach the’ level of statistical significance 
when compared with the control state, primarily be- 
.cause of Patients 5 and 8, whose maximal resting 
. gradients during oral propranolol therapy were larger 
than those in the control period:-of the initial study. 
Both of these patients had several months of initial 
subjective improvement with oral propranolol thera- 
py, followed by a return of symptoms. Three patients 
(Cases 4, 6 and 7) had nonstimulated gradients with 
oral propranolol therapy that were equivalent to 
‘those seen after intravenous administration. These 3 
demonstrated a stable clinical course after their ini- 
tial improvement. One patient (Case 9) showed a 
further reduction in the range of resting gradients 
when propranolol was administered orally compared 


to the initial favorable hemodynamic response to the 
intravenously administered drug, and this patient 
demonstrated continuing clinical improvement after 
her initial favorable clinical response. One patient 
(Case 3) who showed continuing reduction of resting 
gradients had a clinical course marked by initial im- 
provement followed by a gradual return of some 
symptoms. In this patient, however, gradients after 


`- exercise, during the Valsalva maneuver and during 


isoproterenol infusion were greater during oral 
propranolol therapy than those seen after intrave-. 
‘nous treatment. Two patients (Cases 1 and 2) had 
no resting gradients either before or after drug thera- 
py, and both showed a favorable clinical course after 
initial improvement. ' 

Therapeutic response related to latent, labile or 
persistent obstruction: It was suggested previous- 
ly?® that patients with hypertrophic subaortic steno- 
sis be classified, according to their resting gradients, 
into those with latent, labile or persistent obstruc- 
tion, and that this classification might be of prognos- 
tic significance; that is, patients with persistent out- 
flow obstruction at rest might have a worse prognosis 
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Hemodynamic Data: Effect of Amyl Nitrite and the Valsalva Maneuver 


` Control 
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ee Control -Amyl Nitrite ` . Valsalva 
no. State HR LVP ART HR LVP ART HR LVP ART HR LYP ART 
1 Before propranolol 70 183/13 207/128. 107 221/19 178/95 
IV propranolol 58 185/10 200/124 83 172/13 133/78 pea ears sak we pwi ERR 
Oral propranolol 56 «176/12 - 182/110 74 . 158/14 - 120/74 56 174/10 178/108 56 172/48 172/13 
2 Before propranolol 65 133/12 138/77 115 121/12 75/44 76 129/10 133/77 100 107/33 88/71 
IV propranolol 64 ` 124/12 131/80 91 100/10 94/51 61 129/10 136/80 79 112/81 112/81 
Oral propranolol 49 141/16 141/78 77  1%/12 91/56 54 136/12 136/78 77 117/45 117/95 
3* Before propranolol 81 162/14 155/64 94 176/43 110/77 
IV propranolol ae ue inte vate ua © ecc , 60 143/10 149/60 63 120/14 75/38 
Oral propranolol 59 174/16 174/64 72 ~=106/30 72/38 54 172/16 172/60 63 188/36 118/78 
4 Before propranolol 115 165/10 128/83 130 240/16 83/58 ? 
IY propranolol 79 115/11 134/88 97 99/14 109/61 pas or a TP nss Re 
Oral propranolol 88 118/17 134/78 115 119/21 81/38 86 115/14 13/77 103 129/29 127/84 
5 Before propranolol 60 146/12 139/71 72 170/18 99/53 
IV propranolol 62 149/16 152/84 70 173/19 96/62 . a. p T E Wie roe 
Oral propranolo! 46 155/22 144/70 57 184/29 77/40 45 148/22 141/69- 60 206/89 103/94 
6 Before propranolol 76 170/14 = 112/73 97 178/14 80/49 88 168/12 126/72 100 190/41 121/95 
IV propranolol 74 =: 104/12 96 /66 86 100/12 - 83/46 72 =: 105/11 96/56 73 116/51 105/82 
Oral propranolol 75 126/9 113/77 80 108/12 84/44 71 122/10 110/70 80 136/35 106/80 
7* Before propranolol 82 120/18 96/61 118 =. 107/18 74/35 
IV propranolol 78 115/19 90/64 89 - 112/16 67/38: * ss TT pia pan sai ee 
Oral propranolol 70 102/30 94/66 91 108/30 75/47 . 72 106/29 74/66 80 134/43 99/78 
8 Before propranolol 80 143/10 110/62 135 174/15 103/60 
iV propranolol 68 141/15 122/62 94 134/21 83/50 a eG ee ike sae T 
Oral propranolol gee pate Sha, are ee 79 143/14 100/58 84 110/16 67/48 
9 Before propranolo! 91 196/24 104/44 94 157/21 79/30 94 216/24 111/50 91 220/35 93/57 
IV propranolol 73 194/19 141/64 85 169/24 96/36 77 191/18 131/55 83 214/33 117/67 
Oral propranolol 59 149/10 149/80 74 . 179/17 . 115/62 58 155/9 162/84 63 . 194/33 145/10 
Abbrevlations as in Table II. 
120 | -RANGE OF RESTING LV-ARTERIAL GRADIENTS, 
SPONTANEOUS VARIATION 
100 
= E CONTROL . 
= oF J lV. PROPRANOLOL 
£ = ORAL PROPRANOLOL 
m 60 5 
£ “a 
u ; = 
a ‘ sa 
a 40 $ = 
© ' fe os 
>| 7 E- “ 
=. s a” k: i 
FIGURE 2. Effect of intravenous & 20 = s E ` 
and oral propranolol therapy on the & i: I: " 5 : 
resting outflow Obstruction in 9 pa- < . o = ` s 
tients. The bars connect the high- 2 0 ones EE aes rae PENS F EEE E ee aa 
est and lowest of at least 6 sepa- s, - ' n 
rate measurements of left ventricu- = b` * 
‘lar-arterlal pressure gradients in i 
the resting, nonstImulated state. -20 
Abbreviations used In Figures 2 
through 9: I.V. = intravenous; LV 1} ai 37 4] 5 1 6 i 7 i 8} 9 i 
= left ventricular; p.o. = oral. -40 | - x ` > 
Volume 31 767 


PROPRANOLOL IN HYPERTROPHIC SUBAORTIC STENOSIS—-STENSON ET AL. 


ISOPROTERENOL 
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CONTROL 
353 P<.01 


FIGURE 3. Effect of Intravenous and oral propranolol therapy on 
the maximal gradients elicited by Isoproterenol. Negative gradi- 
ents were Included in the t test statistical evaluation by utllizing 
the algebraic difference between gradients occurring at different 
times. ; 
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FIGURE 4. reflect of intravenous and ora! propranolol! therapy on 


the maximal gradient elicited by exercise. The number ol pa- 
tlents was too small for Statistical analysis. 
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FIGURE 5. Effect of intravenous and oral neopranolol therapy on 
the maximal gradient elicited by amyl nitrite. Negative gradients 
were included in the t test statistical evaluation by utilizing the 
algebraic difference between gradients occurring at dlfferent 
times. 


VALSALVA MANEUVER 


120 Ne m AVERAGE 
rA 4 PATIENTS 


LV-ARTERIAL GRADIENT (mm Hg) 





-201 BEFORE LV. ORAL 


_ PROPRANOLOL PROPRANOLOL PROPRANOLOL 
FIGURE 6. Effect of intravenous and oral propranolol therapy on 


the maximal gradient elicited by the Valsalva maneuver. The 
number of patlents was too small for statistical analysis. 
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and be less responsive to propranol therapy than 
those with either latent or labile outflow obstruction. 


On the basis of this classification, 1 patient with per- ` 


sistent obstruction (Case 9) showed the’ greatest re- 
duction in spontaneous gradients and the greatest 
clinical improvement with oral propranolol therapy, 
whereas in 2 patients (Cases 5 and 8) with labile ob- 
struction, outflow obstruction had increased to pre- 
treatment levels at follow-up catheterization, and 
both patients had had a return of symptoms. Four 
patients (Cases 3, 4, 6 and 7) with labile obstruction 
maintained their lower range of resting gradients and 
their symptoms were stable after initial alleviation 
with propranolol administration. 

Therapeutic response related to effect of 
isoproterenol: Three micrograms of intravenously 
administered isoproterenol increased the heart rate 
by an average of 34 percent in the control study. 


After both intravenous and oral propranolol therapy . 


the increase -in heart rate averaged only 3 percent. 
The large gradients induced by isoproterenol were 
substantially blocked by both intravenous and oral 
treatment (Fig. 3). The single patient (Case 9) who 


demonstrated continuing clinical improvement after _ 


an initial favorable response, also demonstrated fur- 
ther reduction in the maximal gradient after isoprot- 
ereno! infusion at the time of follow-up study as 
compared to the response after intravenous adminis- 
tration of propranolol. Patients 3 and 5, who had a 


return of symptoms, had a larger gradient with . 


isoproterenol during the second study while they 
were receiving oral therapy than was present after 
intravenous propranolol therapy. 


Therapeutic responses related to effects of exer- 
cise and other maneuvers: The gradients measured 
1 to 2 minutes.after mild supine leg exercise were, in 
general, larger than the gradients seen during the ex- 
ercise period. Although the average gradient during 


oral propranolol therapy was smaller than the con- ' 


trol gradient, it was somewhat larger than that seen 
after intravenous propranolol therapy (Fig. 4). Two 
patients (Cases 3 and 5) were responsible for this in- 
crease; both, after initial clinical improvement, have 
shown a return of symptoms. 

The gradients produced with amyl nitrite adminis- 
tration (Fig. 5), the Valsalva maneuver (Fig. 6) and 
the first normally conducted beat after a ventricular 
‘ premature contraction (Fig. 7) were quite variably 
affected, in the individual patients, by both intrave- 
nous and oral propranolol therapy and did not corre- 
late well with the clinical status. However, the aver- 
age poststimulation gradient seen during oral admin- 
istration of propranolol was considerably less than 
the control gradient and not significantly different 


from the gradients observed after intravenous ad- 


ministration of propranolol: 

Effect of therapy on cardiac output and end- 
diastolic pressure: As was seen with intravenous 
administration of propranolol, oral administration of 


the drug was associated with a significant’ decrease - 


in the resting cardiac output. Since the stroke index 


POST PREMATURE CONTRACTION 


:— AVERAGE 
8 PATIENTS 


140 


LV-ARTERIAL GRADIENT (mm Hg) 





FIGURE 7. Effect of intravenous and oral propranolol therapy on 
the gradient produced by the first normally conducted beat after 
a premature ventricular contraction. Negative gradients were in- 
cluded in the t test statistical evaluation by utilizing the alge- 
bralc difference between gradients occurring at different times. 


remained the same, the decreased output was pri- 
marily attributable to a decrease in resting heart 
rate (Fig. 8). The level of cardiac output during exer- 
cise was lower during oral propranolol therapy than 
after intravenous administration of propranolol or 
during the control period. However, a direct compar- 
ison is not possible since the amount of work per- 
formed, as measured by the oxygen consumption, 
could not be accurately controlled. Left ventricular 
end-diastolic pressure measurements at rest were the 
same with oral and intravenous propranolol therapy ` 
as those observed during the control period at the. 
initial study (Fig. 9). The end-diastolic pressure 
measurements during exercise were also not signifi- 
cantly different in the control period and after intra- 
venous or oral propranolol therapy. One patient 
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(Case 7) showed a marked increase in both resting 
and exercise end-diastolic pressure at the follow-up 
catheterization, but remained asymptomatic. 
Illustrative case report: The case history of a pa- 
tient (Case 9) who was severely incapacitated by 
symptoms of angina pectoris and congestive heart 
failure is presented to illustrate the sometimes dra- 
matic response to orally administered propranolol. 


A 54 year old Negro woman had a 10 to 12 year history 
of a heart murmur. Five years before her initial evaluation 
at Stanford Medical Center she experienced angina pecto- 
ris, which slowly progressed in severity. Several months 


before evaluation, dyspnea on exertion was first noted,. 


followed shortly by episodes of paroxysmal nocturnal dys- 
pnea. Digitalization failed to produce significant symp- 
tomatic relief. Since, at this point the patient was consid- 
ered to have functional class IH disease, she was referred 
for catheterization. The admission physical examination 
' revealed a blood pressure of 180/60 mm Hg with a regular 
pulse of 80/min. The jugular venous pressure was approxi- 
mately 8 cm H20 with a prominent a wave, and the carot- 
id pulses were quick-rising. The examination of the chest 
was normal. On examination of the heart a left ventricular 
impulse was noted. The second heart sound was single, 
and third and fourth heart sounds were present at the 
apex. A grade 4/6 high-pitched apical-systolic murmur ra- 
diated to the axilla. Chest roentgenograms showed 
increased prominence of upper lobe pulmonary vessels 
with a normal left atrium but marked left ventricular en- 
. largement. The electrocardiogram demonstrated both left 
atrial and left ventricular hypertrophy. Pertinent hemody- 
namic data obtained during cardiac catheterization in- 
cluded a left atrial mean pressure of 25 mm Hg and a and 
v waves of 34 and 38 mm Hg, respectively. Repeated mea- 
surements of the left ventricular end-diastolic pressure 





1.V. ORAL 


PROPRANOLOL 


FIGURE 8. .Effect of Intravenous 
and oral propranolol therapy on the 
resting cardiac index and stroke 
index. 


performed at rest and during stimulating maneuvers (ex- 
cluding the Valsalva) demonstrated a range between 17 
and 38 mm Hg. The resting cardiac index was 3.2 liters/ 
min per m? with a stroke index of 34 ml/beat per m?. 

After discharge the patient was treated with propranol- 
ol, initially in a dose of 20 mg 4 times daily, which was fi- 
nally increased to 40 mg 4 times daily. Over a period of 4 
to 8 weeks the anginal chest pain subsided and the pa- 
tient was free of any significant dyspnea on exertion or 
episodes of paroxysmal nocturnal dyspnea. After 1 year of 
being considered to have functional class I disease, the 
patient was readmitted for repeat catheterization. Physi- 
cal examination at this time revealed a blood pressure of 
140/80 mm Hg with a pulse rate of 64/min. The only sig- 
nificant change noted on examination of the heart was the - 
absence of the third heart sound and a slight decrease in 
the loudness of the murmur. Chest roentgenograms showed 
no evidence of congestive heart failure, but left ventricular 
enlargement was still present to the same degree as on the 
earlier examination. The electrocardiogram was essentially 
unchanged. Cardiac catheterization this time revealed a ` 
left atrial mean pressure of 6 mm Hg with an a and v wave 
of 10 and 8 mm Hg, respectively. The left ventricular end- 
diastolic pressure ranged between 9 and 22mm Hg, the 
latter value occurring during exercise. The resting cardiac 
index was reduced to 2.0 liters/min per m?, but the stroke 
index was unchanged at 35 ml/beat per m*. After discharge 
and during repeated follow-up examinations over a period 
of 4 years, the patient is still free of any significant symp- 
toms. 


Discussion 


The treatment of the functional abnormalities that 
occur in hypertrophic subaortic stenosis has present- 
ed special problems because of the unique patho- 
physiologic features of this condition. Conventional 
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- FIGURE 9. Effect of Intravenous 
and oral propranolol therapy. on 
resting and exercise left ventricular 
end-diastolic pressure. 


cardiac drugs tend to exaggerate ie ‘very ace 


namic abnormalities that account for the increased 
stress on the myocardium causing the: symptoms re- 
quiring therapy. Beta adrenergic blockade, with its 


negative inotropic effect, appears to be an appropri- - 
ate therapeutic approach, but reports of its effective- 


ness have been mixed. It seems possiblé that the 


' marked variability of the disease itself, both from. 


patient to patient and from time to time in the same 


patient, might account for the conflicting reports of 
the efficacy of this mode of: therapy. We have ob- ` 
tained detailed hemodynamic data in a series.of 13° 


consecutive, patients, evaluated the effect of intrave- 


nous administration of propranolol, and then ob- 


tained hemodynamic and clinical evaluation after a 


prolonged period of treatment with orally adminis- ` 
tered propranolol. In the initial study,15 the outflow ... 
obstruction evoked or enhanced by stimuli that pro- ` 
duced a reduction in ventricular volume, such as the 
Valsalva maneuver or amyl nitrite inhalation, was: | 
variably affected by propranolol administration.’ 


Gradients seen after premature ventricular contrac- 


tions, which depend on the enhancement of the in- 
trinsic contractile state of the ventricle, were not al- 


tered in any predictable way. However, the increased 
outflow obstruction associated with enhancement: of 


sympathetic activity, as occurs with isoproterenol 


infusion, in the postexercise state and probably 
spontaneously in the resting state, was-significantly 


reduced by propranolol administration. The initial - 


clinical experience with. the use of orally adminis- 
tered propranolol appeared to be favorable. 
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- Classification of patients into ‘those with latent, 


labile and persistent.outflow obstruction was used in ` 


an attempt to determine whether the initial hemody- 
namic status of the patient would allow prediction of 
his long-term response to oral propranolol therapy. 


-. Such was not the case; patients in all groups re- 
- sponded favorably and, in fact, the most dramatic 
` change was seen in a severely symptomatic patient 
‘with persistent outflow obstruction whose functional 
- class improved from class IH to class I during 


propranolol therapy. Likewise, some patients from 
each group were intolerant of the drug or showed 


., only transient improvement in functional status. 


‘However; most of the patients with this disease had 
a favorable response to treatment with propranolol, 


. and the beneficial symptomatic effect was present 


whether: the dysfunction was manifested predomi- 


` nantly by angina pectoris, symptoms of congestive 


heart failure, arrhythmias or, as was usual, combina- ' 


. tions of these symptoms. 
`- Comparison of treated and untreated patients: 


In a further, attempt to determine the long-term 


- value of oral propranolol therapy, we compared our 


treated patients with. the patients described by 
Frank and Braunwald? in their study from the Na- 
tional Heart and Lung Institute of the natural histo- 


. Ty of hypertrophic subaortic stenosis. Their study 


group included 56 patients with New York Heart As- 
sociation functional class I, IH or IV disease who 
were followed up for an average period of 30 to 40 
months. Eight of their patients with angina pectoris 
were treated with propranolol, outa in.most of the pa- . - 
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tients this drug was not administered.1? Although 
their group and our study group differ in many re- 
spects, it seems reasonable to make some compari- 
' sons. Five of 13 patients in our study had New York 
‘ Heart Association class II disease at the outset of the 
study. In 4 (80 percent), the classification. improved 
initially to class I and remained there up to the time 
of follow-up catheterization. One patient experienced 
symptoms of orthostatic hypotension and the. drug 
was discontinued. In the group described by Frank 
and Braunwald, 40 patients initially had functional 
class. J disease, 19 (47.5 percent) continued to have 
this classification over the period of evaluation. The 
status of 5 patients (12.5 percent) deteriorated to 
class II, and 5 patients (12.5 percent) died, 3 of 
them suddenly. The remaining 11 patients (27.5 per- 
` cent) had variable courses, but none Had class I dis- 
` ease at the end of the study. Eight of the 13-patients 
in our group had class HI disease. The status of 3 pa- 


tients (37.5 percent) improved to class I, and of 1 pa-. 
tient (12.5 percent) to class H by the time of follow- 


up catheterization.. The status of 3 others (37.5 per- 
cent) improved to class I initially, but the patients 
later had a return of symptoms. Two of these 3 pa- 
tients maintained some degree of clinical improve- 
ment, and 1 returned:to pretreatment status. One 
patient in this group also experienced symptoms of 
orthostatic hypotension requiring discontinuation of 


the drug. Sixteen patients of the National Heart and — 


Lung Institute group had class II or IV disease, and 
were followed up for a sufficiently long period of time 
for evaluation. The condition of 5 patients (31 per- 
cent) remained stable, and 5 patients (31 percent) 
died or experienced deterioration of their condition. 
_. Six patients (88 percent) showed symptomatic im- 
' provement, the status of 4 (25 percent) becoming 
class H, and that of 2 (13 percent) becoming class I. 
Therefore, of 13 patients with class IJ and III disease 
given orally administered propranolol, 8 (62 percent) 
showed symptomatic improvement and 2 (15 percent) 
had to discontinue the drug because of side effects. 
In the untreated group from the National Heart and 
Lung Institute with class I, I] and IV disease, only 


6 of 56 patients (11 percent) showed spontaneous ` 


improvement. 

These data suggest that the long-term use of 
propranolol produces a beneficial response in a sub- 
stantial percentage of patients with hypertrophic 
subaortic stenosis. After the initial favorable re- 
sponse to propranolol, approximately the same per- 
centage of our patients showed a clinically stable, 
‘improved or deteriorated condition as was observed 
in Frank and Braunwald’s large series of generally 
untreated patients. However, the clinical course in 


our patients progressed from their initial state of im- 

provement rather than from their presenting func- 
tional status. This fact suggests that even though 
propranolol produces a favorable symptomatic. re- 
sponse, it does not affect the underlying - disease. 


Once the patient has responded, his further clinical 


course is determined by the variations in the disease 
process which are probably not influenced by 
propranolol. 

Clinical response to propranolol therapy as re- 
lated to hemodynamic data: It, is our opinion that 
propranolol is effective therapy for symptomatic pa- 
tients with hypertrophic subaortic stenosis, even . 
when the presenting symptoms are those of conges- 
tive heart failure. A favorable symptomatic effect 
may be associated with the administration of 
propranolol in the presence of severe symptoms and 
severe and persistent hemodynamic derangements, 
and these features, therefore, have not excluded pa- 
tients from this mode of therapy. The clinical course 


. does seem to be related to the sequential hemody- 


namic changes that have been observed. In patients 
whose condition was initially improved and who re- 
tained this symptomatic improvement, the hemody- 
namic data at long-term follow-up studies during 
oral administration of propranolol were essentially 
the same as those found after intravenous adminis- 
tration of propranolol. In the patient who showed 
initial improvement from functional class MI. to class 
II, then continued to show subsequent progressive 
improvement to class I, the hemodynamic data at 
long-term follow-up study showed less outflow ob- 
struction than was seen even after intravenous ad- 
ministration of propranolol at the initial study. In 
those patients with initial improvement and subse- 
quent deterioration, outflow obstruction at the long- 
term follow-up study was as severe as in the control 
determinations at the initial study. Therefore, al- 
though the hemodynamic data cannot be used to 
predict the response to propranolol, the clinical course 
does seem to reflect underlying changes in the pa- 
tient’s hemodynamic status. In those patients who 
could not tolerate the drug, the mechanical improve- 
ment may not have compensated for the reduction in 
cardiac output that occurred, and symptoms of in- 
creasing fatigue and faintness required discontinua- 
tion of the drug. : l 

Clinical implications: We believe that a thera- 
peutic trial of. propranolol is indicated in any symp- 
tomatic patient with hypertrophic subaortic stenosis. 
Most patients will respond favorably, but those se-- 
verely symptomatic patients who cannot tolerate 
propranolol therapy, or show relatively little im- 
provement with it, should be considered for surgery. 
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HISTORICAL MILESTONES 


Anton Weichsel baum on the Etiology of 


Acute Endocarditis~1885 


SAUL JARCHO, MD 


New York, New York 


During the last 30 years of the 19th century, lesions of 
‘the heart valves, infected and uninfected, were under 
active study in ‘the clinics and pathologic institutes 
of central Europe. Some of the writings that record 
the advance of knowledge in this field have been dis- 
cussed in the last few volumes of this Journal. 
Ulcerative (later called bacterial) endocarditis þe- 
came the subject of controversy between the great 
Rudolf Virchow and the lesser Karl Koester. The de- 
tails are given in a thesis by Virchow’s pupil Joseph 
Hamburg,! which was recently discussed in the pres- 
ent historical series.2 To the same controversy a brief 
and interesting contribution was made by the emi- 
nent Anton Weichselbaum (1845 to 1920). 
Early in his career Weichselbaum served as physi- 
cian and prosector in the Austro-Hungarian army. In 
1885 he became professor of pathologic histology and 


bacteriology at the University of Vienna. Eight years 


later he attdined the important post of Professor 
Ordinarius of Pathological Anatomy at the same uni- 
versity. Although he made highly esteemed contribu- 
tions to oncology and to knowledge of diabetes, his 
name is now remembered mainly in connection with 
the infectious diseases, especially meningitis, 
pneumococcus ‘infections and tuberculosis. ‘The -Dip- 
lococcus intracellularis meningitidis was so named 
by him.in 1887 but for a long time was designated 
informally as Weichselbaum’s meningococcus. Ac- 
tually his importance far transcended these contri- 


butions, since he was one of the first to recognize ` 


the importance of bacteriology to pathology and to 
public health. He is given much credit also for the 
high rank that public health attained in Austria 
during his active years.’ | 

The essay that is now to be considered exemplifies 
Weichselbaum’s interest in infection. It is titled, 
“Zur Aetiologie der akuten Endokarditis” (“On the 
Etiology of Acute Endocarditis”) and was published 
in the Wiener Medizinische Wochenschrift.# 


This study was supported by the Natlonal Institutes of Health 
(HL-10948). 

Address for reprints: Saul Jarcho, MD, 35 E. 85 St, New 
York, N. Y. 10028. 
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Translation of Weichselbaum’s Report 


From a brief report in the Allgemeine Wiener medizin- 
ische Zeitung for September 22 [1885] on the first session 
of the pathology section of this year’s assembly of German 
physicians and natural scientists in Strassburg, I gather 
that Orth gave a lecture on the etiology of acute endocar- 
ditis. I myself have been occupied with research on this 
subject since last winter. I have not yet published my re- 
sults since I wanted to collect a larger number of cases. 
However, in view of Orth’s lecture I am induced even now 
to present a short report on my investigations to date; I 
shall reserve fuller discussion for a later time. 

It is well known that a distinction is made between 
acute and chronic endocarditis. The latter in turn is di- 
vided into an ulcerative e i and a verrucous 
(rheumatoid) form. l 

As far as the etiology of the last two rere is concerned, 
the occurrence of microorganisms in ulcerative endocardi- 
tis, both in the deposits on the valves and also in the meta- 
static foci, has been known for a rather long time, and 
there. is a general inclination to regard these organisms as 
the cause of that form of eridocarditis. 

With verrucous endocarditis matters stand differently. 
With respect to this form Klebs* and later Kdéstert have 
maintained that it also is caused. by microparasites. Re- 
cently Zieglert also has stated that he and likewise Nau- 
werck were able to find colonies of micrococci in the 
valves and in the blood vessels of the diseased organs in a ` 
case of verrucous endocarditis, whereas other authors, e.g. 
Orth§, state most positively that in this form of ‘endocar- l 
ditis they have constantly failed to find microorganisms. 
Therefore they voice the possibility that there may be 
cases of acute endocarditis which are- not of parasitic ori- 
gin. 

If we return to ulcerative endocarditis, we must observé 
that although a parasitic mode of origin is assumed by al- 
most everyone, nevertheless incontestable experimental 
demonstration is not available; moreover, since. culture 
experiments are lacking, it is not knowri to which species 
of pathogenic parasites the organisms belong which ap 
pear in the process that is under consideration. 


* i Exper Path 4. und 9. Bd. 


+ Virchow’'s Archiv. 72. Band. 
ł Lehrbuch der path. Anatomie, 2. Aufl. 


_ $ Lehrbuch der spez. path. Anatomie. 
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Since last winter I have had the opportunity to study 
four cases of acute endocarditis by the two methods that 
have been mentioned. Three of the cases could be regard- 
ed as belonging to the ulcerative form and one to the ver- 
rucous. 


A. Ulcerative (Diphtheroid) Endocarditis 


Case 1.* On December 24 of last year a 17 year old girl 
came to Dr. Mader’s department. It was stated that she 
had had acute articular rheumatism a year ago and that 
for four months she had had palpitation and shortness of 
breath. Eight days ago she again developed acute articular 
rheumatism. Objectively, apart from the latter, endocar- 
ditis of the mitral and aortic valves was observable, and 
high fever. The urine contained casts and much albumin. 
On December 31 the spleen was swollen; on January 9, 
pericarditis appeared; death occurred on January 20. 

Autopsy: old endocarditis of the mitral and aortic 
valves, ulcerative endocarditis of the left aortic cusp, fresh 
pericarditis, acute splenic tumor, cloudy swelling of the 
liver, parenchymatous nephritis. 

One hour after death material from the deposits on the 
left aortic cusp, the pericardial exudate, the splenic pulp, 
and the urine was inoculated on agar-agar. Streptococcus 
pyogenes grew out of the urine; the other products of dis- 
ease ylelded a mixture of Staphylococcus aureus and 
albus and Streptococcus pyogenes.t 

The microscopic investigation of the vegetations on the 
left aortic cusp revealed a large number of cocci. These 
were mostly arranged in smaller and larger heaps; less 
often they were in short rows resembling garlands. 


Case 2. On January 13 of the present year a 21-year old 
girl came to Dr. Kiemann’s department. Five days pre- 
viously she had developed acute articular rheumatism. 
Before this she had been well. Acute rheumatism of the 
right knee and high fever were observed. On January 19 
there was a chill; over the mitral the first sound was pre- 
ceded by a murmur. On January 22 there was left-sided 
pleuritis. On the 28th there was a chill and the patient 
had a swollen spleen, pain and rumbling in the ileocecal 
region, liquid stools, and a cloudy sensorium. Typhoid was 
suspected. Some fluid was extracted from the spleen by 
means of a Pravaz syringe; when it was transfered to agar- 
agar, Streptococcus pyogenes grew out. Typhoid was thus 
ruled out and the earlier diagnosis of ulcerative endocar- 
ditis was adopted again. On February 23 the patient died. 
Until that time the temperature had ranged between 37° 
and 40°. 

Autopsy: ulcerative endocarditis of the lateral leaflet of 
the mitral, the other valves being intact; adhesion of the 
left lung, brown induration of both lungs; several yellow 
infarcts in the enlarged spleen; cloudy swelling of the 
liver; parenchymatous nephritis. 

. Half an hour post mortem, cultures on agar-agar were 
made from the growths on the mitral, the brown indurat- 


ed parts of the lungs, the splenic pulp, the kidneys, and | 


the urine. Only from the vegetations of the valves and 
from the urine was there growth, Streptococcus pyogenes 
only. The failure of the cultures from the splenic and 


* Footnote containing acknowledgment omitted from transla- 
tion. 

+ A study performed at my request by Dr. Phllipowicz "On the 
appearance of pathogenic microorganisms in the urine” (Wiener 
med. Blatter, May 18 and June 4, 1885) contains the report of the 
cultures that were made in this case and In the following case. 
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renal expressate I attribute to the fact that only one in- 
oculation was made from each of these. 

Cocci were few in cover glass preparations from the veg- 
etations on the mitral, but in sections they were numer- 
ous. 


Case 3. On September 1 of this year a 25-year old girl 
came to Doctor Kiemann’s department. For a few years 
she had suffered from palpitation and respiratory difficul- 
ties. Five months ago she had had sudden right-sided 
hemiplegia; a few days ago she had hemiplegia on the left 
side. Objective.,y, in addition to this, endocarditis of the 
mitral was demonstrable. During the course of the illness 
the temperature ranged between 37° and 40°. Death oc- 
curred on September 12. 

Autopsy: old endocarditis (thickening of the lappet and 


. of a few chordae) of the mitral, with diphtheroid endocar- 


ditis on the lappets of this valve and on the left atrium; 
myocarditis; emboli in both arteries of the Sylvian fossa, 
with cerebral softening; large softened infarcts in the 
spleen, smaller ones in the kidneys. 

In cover-glass preparations from the vegetations on the 
mitral there were very large numbers of cocci in small and 
large heaps. When these were transferred to agar-agar, 
Staphylococcus aureus grew out. 


B. Verrucous Endocarditis 


Case 4. On February 17 a 28 year old woman came to 
Doctor Hein’s department because of acute rheumatism of 
the ankle joints and hands. She had had the same illness 
two. years previously. Objectively, in addition to this ail- 
ment, a systolic murmur over the mitral was demon- 
strated. Temperature ranged between 38.7° and 39°. On 
February 21 there was a pericardial friction, on the 26th a 
left-sided pleuritic exudate. Death occurred on March 12. 

Autopsy: in the joints no change was observable with the 
naked eye; in the right pleural cavity a serous exudate 
with scanty admixture of fibrin; the left lung adherent; 
old pericardial exudate with abundant but rather compact 
fibrin; on the lines of closure of the aortic valve fine, 
warty, rather compact, gray vegetations; the mitral leaf- 
lets slightly thickened and covered by similar vegetations; 
spleen somewhat large, firm, and rich in blood; nutmeg 
liver; a degree of fatty degeneration of the kidneys. 

A few hours after death, cultures on agar-agar were 
made from the vegetations on the mitral and aortic 
valves, the pericardial exudate, and the synovia of the 
ankle and carpal joints. From the valve vegetations alone 
a culture developed that was scanty in its earliest genera- 
tions and that in its morphology and cultural characteris- 
tics corresponded with Streptococcus pyogenes. From the 
synovia of one ankle a few granules developed in agar but 
their further cultivation was not successful. 

’ In cover-glass preparations from the excrescences of the 
valves, and also in sections, only scanty cocci were dem- 
onstrated. 


As for my experiments in animals, their number is still 
small, but J have experimented with the streptococcus of 
the second case and with the mixture of Staphylococcus 
aureus, albus, and Streptococcus of the first case. From 
earlier trials it was known to me that simple injections of 
cultures of these fungi (Pilze) into the blood are not able 
to produce endocarditis; intravenous injections of the cul- 
tures that I had grown from my cases of endocarditis were 
also unsuccessful. This did not surprise me, since analo- 
gous results occur in acute osteomyelitis caused by Staph- 
ylococcus aureus. This disease also does not develop after 


$ 
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simple injection of Staphylococcus aureus into the blood, 
but only when the injection is preceded by a (subcuta- 
neous) injury of the bone. In the later trials, therefore, I 
experimented on rabbits in such a way that I first pro- 
duced a wound on the valve. After the method of Rosen- 
bach* I perforated the aortic valve by a knobbed sound, 
heated and introduced through the carotid, and on the 
following day I injected one of the aforementioned cul- 
tures into a vein of the ear. Through this procedure a very 
intense endocarditis arose regularly on the valves and also 
at other places in the endocardium. This lesion corre- 
sponded exactly, both in gross and in microscopic fea- 
tures, with the diphtheroid form of human endocarditis. A 
difference in the action of the aforementioned cultures 
could be noted only in the fact that after injection of the 
mixture of Staphylococcus aureus, albus, and Streptococ- 
cus many more metastatic foci appeared than after injec- 
tion of the Streptococcus alone; moreover in the former 
case the secondary foci showed a distinct tendency to sup- 
puration. 

I need scarcely add that in these trials the injected 
cocci could be demonstrated microscopically and also by 
culture, both in the endocardial products of the disease 
and in the secondary foci. 

From the report in the Allgemeine Wiener medizinische 
Zeitung, which I cited at the beginning, I learn that Wys- 
sokowitsch, who worked under the direction of Orth, had 
the opportunity to perform mycological examination in 
only one case of ulcerative endocarditis, and he found 
Staphylococcus aureus. In two cases of verrucous endocar- 
‘ditis which he examined microscopically microorganisms 
were not found; and in these two cases no organisms were 
found on culture. From this evidence Orth concludes that 
not all acute endocarditis is of mycotic origin. 

,  Wyssokowitsch also performed numerous experiments in 

rabbits and obtained results resembling mine. Orth infers 
that in rabbits it is possible to establish experimentally a 
completely typical mycotic endocarditis (Endocarditis 
mycotica), with all its sequelae, and that this is merely a 
consequence of certain organisms—Staphylococcus aureus 
and Streptococcus pyogenes—having been injected into 
the blood. Since Wyssokowitsch on microscopic examina- 
tion of the diseased valves always found the cocci next to 
the surface, it was concluded that the organisms reached 
‘the valves from the blood which was flowing by and not 
through the blood vessels of the valves, i.e. it is impossi- 
ble to sustain Késter’s assertion that the endocarditis is of 
embolic origin. | 
Also of interest is his demonstration that other patho- 
genic organisms, such as Micrococcus tetragonus, Fried- 
lander’s pneumonia coccus (Pneumoniekokkus}), and a 
septic bacillus, are not able to produce endocarditis; only 
certain particular organisms have the ability to settle on 
the valves. At the same time he was. able to confirm Ro- 
senbach’s observation that simple wounds of the valves 
such as perforation of the valve by means of'a clean sound 
caused no inflammation and never once produced throm- 
botic deposits. 
. With respect to diphtheroid endocarditis in human 

beings Orth suspects that perhaps several forms of the 
disease might exist and that these must show differences 
not only in their etiology but also in the changes on the 
valves and in the emergence and character of the metasta- 
Bes. 
When I compare the investigations that I have made up 
to now with Orth’s reports and conclusions, there is al- 


* Ueber artifizielle Herzkiappenfehler. Breslau 1878. 
"4 


most complete agreement on the score of diphtheroid 
endocarditis both in the mycological and in the experi- 
mental parts of the work. In the three cases of ulcerative 
endocarditis that I examined I likewise found the Staphy- 
lococcus aureus to be the cause of the disease on one occa- 
sion; another time Streptococcus pyogenes and the third 
time a mixture of Staphylococcus aureus, albus, and 
Streptococcus pyogenes was demonstrated. Thus, in diph- 
theroid endocarditis, as Orth surmised from the experi- 
ments of Wyssokowitsch, there are in fact etiologically 
different forms. It is to be noted, moreover, that among 
the microorganisms which I found, the Streptococcus py- 
ogenes also appears—the species of fission fungus (jene 
Spaltpilzart) by means of which Wyssokowitsch also was 
able to produce endocarditis in rabbits. 

Attention should also be called to the fact that the mi- 
croorganisms which are found in diphtheroid endocarditis 
are of such nature that they also appear in various acute 
suppurations and in their sequelae, the phlegmonous and 
pyemic processes. Hence with respect to etiology diphthe- 
roid endocarditis comes to stand on a par with these pro- 
cesses. Therefore it must not surprise us when we see 
ulcerative endocarditis make its appearance as the sequel’ 
of phlegmonous or pyemic processes; both are dependent 
on the same pathogens. 

My experiments in animals likewise agree in their re- 
sults with those of Wyssokowitsch. They show that diph- 
theroid endocarditis can be produced in rabbits by intra- 
venous injection of Streptococcus pyogenes or of Staphylo- 
coccus aureus and albus provided that a predisposing fac- 
tor is present in addition, namely a pre-existing lesion of 
the valve, but the latter alone is unable to produce endo- 
carditis. | 

As for verrucous endocarditis, on the other hand, in the 
one case which I investigated mycologically I reached an 
anomalous result, since in this case also I was able to grow 
a fission-fungus—a species, indeed, which corresponded 
with Streptococcus pyogenes. Obviously no generally valid 
conclusion can be drawn from this; it is merely that the 
same caution is also mandatory with respect to the nega- 
tive findings of other authors. As is well known, verrucous 
endocarditis usually goes much more slowly than ulcera- 
tive endocarditis and therefore comes to autopsy much 
less often in its incipient stages. However, from many 
other undoubtedly parasitic processes we know that, when 
the ingravescence and fastigium have passed, the para- 
sites die off and our efforts to demonstrate them become 


useless. Something similar may also take place in verru- 


cous endocarditis. Thus, if the disease is not in an early 
stage, the failure to find bacteria cannot lead to an abso- 
lutely valid conclusion that the disease is of non-parasitic 
character. The correctness of this statement is based in 
part on the case that I studied. In this case the process 
was by no means fresh. Probably for this reason the num- 
ber of cocci in the diseased valves was quite small and the 
growth of the cultures in their first generation was very 
scanty. For the same reason the transfers from pericardial 
exudate, which was present at the same time, were entire- 
ly sterile, although there could be no doubt that this exu- 
date came from the same etiologic sources as the endocar- 
ditis; in contrast with this, in my first case of ulcerative 
endocarditis and concomitant but very fresh pericarditis 
yielded positive cultural results. From the synovia of an 
ankle joint a few scanty colonies were cultivated, and 
from the other joints nothing was obtained; this fact like- 
wise is referable to the same cause. 

Moreover it is undeniable that many well-known facts 
speak in favor of the parasitic nature of verrucous endo- 


778 June 1973 The American Journal of CARDIOLOGY Volume 31 


carditis. First, as I have already stated, there are positive 
observations by several authors who have found microor- 
ganisms in this form of endocarditis. Second, we usually 
see this condition appearing as a sequel of diseases which 
are either undoubtedly or at least very probably of mycot- 
ic character. We can observe verrucous inflammation of 
valves not only in acute articular rheumatism but also at 
times in acute exanthemata, pyemia, typhoid, etc. Re- 
cently Kundrat* found verrucous endocarditis even in a 
case of tuberculosis in which the products of the disease 
contained tubercle bacilli. 


From all these considerations it follows that for the 


time being we cannot answer, either positively or nega- 
tively, the question of whether verrucous endocarditis is 
always a mycotic disease, until a larger number of investi- 
gations has been made. The parasitic character of ulcera- 
tive endocarditis, on the other hand, now seems estab- 
lished unassailably, both through experimentation and 
through cultures. 


Comment on Weichselbaum’s Report 


Weichselbaum starts by pointing out that ulcera- 
tive, also called diphtheroid, endocarditis is general- 
ly attributed to microorganisms, since these had 
been found both in the valves and in the metastatic 
foci. The battleground of opinion is the verrucous or 
rheumatoid form, which Köster had regarded as 

‘“microparasitic.” Orth, however, had failed to con- 
firm this. 


Weichselbaum believed that although the “‘parasit-. 


+3 


ic” origin of ulcerative endocarditis was generally 
accepted, incontestable experimental evidence had 
not been adduced. He Pieters took up the subject 
afresh. 


* Wien Med Wschr, 1883. 


WEICHSELBAUM ON ENDOCARDITIS-—-JARCHO 


He had 3 cases of ulcerative endocarditis. In the 
first case Streptococcus pyogenes was obtained from 
the urine, while the same organism and also Staphy- 
lococcus aureus and albus were obtained from the 
vegetations and other products of the disease. In the 
second case Streptococcus pyogenes alone was culti- 
vated from the valves and the urine. The third case 
yielded Staphylococcus aureus. From the single case 
of verrucous endocarditis he obtained Staphylococ- 
cus aureus and a scanty growth of Streptococcus py- 
ogenes. 

He then proceeded to trials in animals. In these he 
makes reference to work by Rosenbach®:® and by 
Wyssokowitsch,’ which has recently been set before 
readers of this Journal. He injured valves according 
to the method of Rosenbach and on the subsequent 
day intravenously injected bacteria derived from his 
autopsy patients. He was able to produce intense 
bacterial valvulitis and endocarditis. When staphylo- 
cocci were used, the metastases suppurated. Ulti- 
mately the bacteria were recovered from the experi- 
mental lesions. Weichselbaum agreed with Wyssok- 
owitsch in concluding that for the production of 
ulcerative endocarditis a preexisting lesion of the 
valve was necessary; bacteria alone were insufficient. 

The single case of verrucous endocarditis, which 
had yielded Streptococcus pyogenes, proved a stum- 
bling block; Weichselbaum calls it “an anomalous 
result.” He’ believed that the failure to cultivate mi- 
croorganisms from the usual case of verrucous endo- 
carditis “cannot lead to ari absolutely valid conclu- 
sion that the disease is of non-parasitic character,” 
since the disease is protracted and microorganisms 
present at onset might have died off before the oc- 
currence of death. 
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The unusual occurrence In an adult of purulent pericarditis caused 
by Hemophilus influenzae, type b and complicated by cardiac tampon- 
ade is described. Medical and surgical treatment was required. The 
clinical course and the pathologic report of tissue removed at peri- 
cardiectomy within 3 weeks after onset of the infection indicated the 
development of “acute” constrictive pericarditis. The patient fully re- 
covered and was asymptomatic 3 years later without evidence of 
chronic constrictive pericarditis. 


Purulent pericarditis with cardiac tamponade due to Hemophilus in- 
fluenzae, type b has been previously reported only in children, usual- 
ly in association with infection elsewhere in the body.1-5 With the in- 
creasing incidence of hemophilus infections in adults,® recognition of 
this organism in the pathogenesis of adult diseases assumes greater 
clinical interest and importance. 


Case Report 


A 33 year old woman had a sore throat, temperature of 101 F and neck 
tenderness. A chest roentgenogram was normal. She was treated with 
phenoxymethy] penicillin, 250 mg 4 times daily. Five days later continued 
symptoms together with right-sided chest pain necessitated hospitalization. 
There was no previous history of diabetes, systemic diseases or excessive 
alcoholic intake. l 

On examination, respirations were labored, heart rate was 88 beats/min 
and blood pressure 80/60 mm Hg. Dullness to percussion and crepitant 
rales were noted at the right lung base. Hematocrit was 37 percent, white 
blood cell count 28,000 mm? with 87 percent polymorphonuclear leukocytes, 
2 percent juveniles, 8 percent lymphocytes and 3 percent monocytes. 
Twelve hours after admission, the patient was more dyspneic, ‘cyanotic and 
pale. The blood pressure was unobtainable, temperature was 101 F, heart 
rate was 150 beats/min and neck veins were distended. There were no audi- 
ble pericardial or pleural friction rubs. Chest roentgenogram demonstrated 
generalized cardiac enlargement with hilar vascular engorgement. An elec- 
trocardiogram revealed sinus tachycardia (rate 150/min) with S-T segment 
elevations in leads I, I, aVL, aVF and V2 to Ve, consistent with pericarditis 
(Fig. 1). 

Clinical course: The findings strongly suggested acute pericardial tam- 
ponade. Immediate improvement followed the removal of 600 cc of thick 
purulent exudate by subxiphoid pericardiocentesis. Blood pressure in- 
creased to 126/100 mm Hg, and respiration became less labored. Culture of 
the exudate grew H. influenzae, type b which was sensitive to chloramphen- 
icol, colistin sulfate, demethylchlortetracycline and kanamycin, and was re- 
sistant to cephalothin, ampicillin and streptomycin. Administration of 
cephalothin, begun before the culture report, was discontinued, and antibi- 
otic agents were administered (Fig. 2). Blood cultures taken after the pa- 
tient had been given antibiotic therapy were negative. 

Three days later dyspnea and neck vein distention recurred. Pericardial 
fluid continued to accumulate in spite of additional pericardiocenteses. A 
pericardiotomy was performed with aspiration of 500 cc of fibrinopurulent 
exudate. Tissue fragments showed subacute inflammatory changes. Figure 2 
outlines the subsequent clinical course. 
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Although drainage appeared to be adequate, the tem- 
perature and white blood cell count remained elevated. Lo- 
calized areas of infection were thought to be present. Ac- 
cordingly, on the 14th hospital day, an anterior pericardi- 
ectomy was performed with excision of the fifth costal 
cartilage and anterior.rib. The pericardial space was oblit- 
erated by a thickened pericardial sac adherent to a mark- 
edly vascular epicardium. As much as possible of the peri- 
cardial sac was excised, the area was irrigated with neo- 
mycin solution and drainage tubes were inserted. Patho- 
logic report of pericardial tissue described dense fibrosis, 
moderate vascularity and focal scattered infiltrates of 


lymphocytes with a few polymorphonuclear leukocytes. 


Bacteriologic culture was negative. 

After the pericardiectomy, the fever slowly subsided 
(Fig. 2). An electrocardiogram was consistent with the re- 
solving pericarditis (Fig. 3A). Blood pressure stabilized at 
- 100/75 mm Hg without pulsus paradoxus, and heart size 
returned to normal. The patient was discharged on the 
55th day. 


Three years later the patient continued to be asymp- 


tomatic. Blood pressure was 122/82 mm Hg without pul- 
sus paradoxus. Chest roentgenogram was normal with no 
evidence of cardiac calcifications. Electrocardiogram was 
essentially within normal limits aside from minimal resid- 
ual T wave changes (Fig. 3 B). 


Discussion 


Reported cases of Hemophilus influenzae, type b 


purulent pericarditis, at times with cardiac tampon- 
ade, have previously been limited to infants and 
children.1-5 Review of the cause of purulent pericar- 
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‘ FIGURE 1. Electrocardiogram on admission showing early 
‘changes of acute pericarditis with diffuse elevation of S—-T seg- 


ments. . 


asters 


16 l 9 WHITE BLOOD CELL COUNT 
(IN THOUSANDS) 

FOR H. INFLUENZAE 

Sac 


CULTURE 
FROM PERICARDIAL 








15 20 


HOSPITAL 


FIGURE 2. Summary of clinical course and management. 
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ditis in 425 cases disclosed H. influenzae in 9 pa- 
tients (2 percent), all under age 7 years.? 

On occasion, H. influenzae has been found in the 
lungs of adults with pneumonia, with less frequent 
involvement of other areas.&1! Although the low rate 
of adult H. influenzae infections has been attributed 
to an acquired immunity induced by childhood in- 
fections,}* a recent study has indicated that increas- 
ing numbers of adults lack antibodies against H. in- 
fluenzae. This finding is possibly related to greater 
use of antibiotic treatment and alteration of the im- 
mune response in childhood.%11 

Purulent pericarditis usually occurs either after di- 
rect extension from intrathoracic infection or by he- 
matogenous spread. In view of the initial respiratory 
symptoms and physical findings, spread from adja- 


Mon 


5 


FIGURE 3. Electrocardiograms. A, 
6 weeks after admission showing 
generalized T wave abnormalities 
l consistent with a later stage of 
+=- pericarditls. (Lead V4 was not re- 

'* corded because of surgical drain- 


B, 3 years later, aside from mini- 
mal residual T wave changes in 
leads V2 to V3, the tracing Is within 
normal limits. 


cent lung, pleura, or both, to the pericardium ap- 
peared a likely although unproved mechanism of in- 
volvement in our case. 

Chronic constrictive pericarditis has been reported 
infrequently after purulent pericarditis. However, 
the clinical and pathologic findings in our case 
suggest that purulent pericarditis due to H. influen- 
zae can progress rapidly within weeks to “acute” 
constrictive pericarditis similar to that described as 
a sequella of acute bacterial and nonspecific or viral 
pericarditis.15-16 
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intracardiac Foreign Body - | 
Simulating Double-Chamber Right Ventricle 
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years. Clinical and anglographic findings indicated a double-cham- 
bered right ventricle and tricuspid regurgitation caused by endocar- 
dial and myocardlal fibrosis that eventually resulted in marked heart 
fallure. The patlent was operated on at age 59, the foreign body was 
Los Angeles, California removed from the right ventricular cavity, and the tricuspid valve 
was replaced with a prosthetic disc valve with a muscle guard. After 
this procedure, the patient’s condition improved significantly. 


A 59 year old woman with a large foreign body lodged in the right 
ventricle for 54 years was followed up for 10 years. She was operated 
on when her condition markedly deteriorated. Hemodynamic data 
and anglocardiograms indicated a double-chambered right ventricle 
and tricuspid insufficiency. 

At operation, a wooden splinter, 68 mm long and 3 to 7 mm wide, 
was unexpectedly found in the right ventricular cavity. Extensive fi- 
brous tissue reaction and massive endocardial fibrosis resulted in a 
deformed and incompetent tricuspid valve, a partially obstructed 
outflow tract and partition of the right ventricle into inflow and out- 
flow portions. The splinter was removed, the tricuspid valve was re- 
placed, and the patient recovered uneventfully. When presented with 

‘the operative findings, the patient recalled being stabbed in her 
abdomen by a wooden stick at age 5. 


Case Report 


A 59 year old woman, the product of an uneventful pregnancy and deliv- 
ery, developed normally during infancy. At age 5 years, she was stabbed 
just below and to the left of the umbilicus while sliding down a wooden 
pole. She removed a large wooden splinter from the wound and was taken 
to the nearest hospital where the wound was cleaned and sutured; healing 
was prompt. In the same year, the patient had pneumonia, left pleural effu- 
sion, a heart murmur, and a persistent cough that lasted several months. 
Dyspnea, fatigue and weakness continued throughout adolescence. She had 2 
spontaneous abortions in her 20’s. At ages 34 and 35, respectively, she com- 
pleted 2 pregnancies and was delivered of 2 full-term, normal infants by Ce- 
sarean section. Dyspnea on mild exertion, extreme weakness, fatigue, 
edema and recurrent urinary tract infections accompanied both pregnancies 


‘From the Department of Thoracic and Cardi- and persisted. She was given digitalis therapy but continued to have pro- 
ac Surgery and the Section of Cardiac Radi- gressive symptoms. 
ology of the St. Vincent's Hospital and the When first seen in December 1961, she was asthenic, fragile and com- 


University of Southern Callfornia School of 
Medicine, Los Angeles, Callf. Manuscript re-. 
ceived May 22, 1972; revised manuscript re- 


plained of frequent palpitations, dyspnea, fatigue and pedal edema. Her 
medication at the time included digitalis and quinidine. She had marked 


heart failure. 
ceiv 
13, bear Mave sae deka, EC Cepee er ee ` Teleoroentgenogram of the chest disclosed an unusual configuration of 
Address for reprints: Jerome Harold Kay, the heart. (Fig. 1). Cineangiocardiography and right heart catheteriza- 
MD, University of Southern California School tion were performed (Table J). There was no pressure gradient across the tri- 
of Medicine, 2025 Zonal Ave., Calif. 90033. cuspid valve. An indicator dye-dilution curve was negative for intracardjae oe 
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FIGURE 1. Chest ‘reanidendararna:: A, De- 
cember 1961. B, preoperative, July 1971.. 
‘There is an unusual- configuration of the. 
heart; the apex is elevated several centi- 
‘meters away ‘from the diaphragm with a- 
Sauargar off contour on the left. are 
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` left to’ right shunt. Brachial a ena pressure “curve. ny 
arterial and venous oxygen saturations’ "were within normal :.- 
limits. The patient’s heart failure was: controlled with diet ` 
‘and digitalis. A definitive diagnosis was not made, Paes 
she was sent home. `: 

The patient was readmitted to St. Vincent’s , Hospital in `” 
May 1971, in a state of advanced right-sided heart failure: ` 
She appeared chronically ill, with emaciation and loss of 
muscle mass. Blood pressure was 120/80-mm’ „Hg, and . 
pulse rate was 70/min and irregular. The neck veins were: 
markedly distended with prominent V waves. Dullness at 
the right lung base was compatible with the roentgeno- 
graphic finding of. pleural effusion: Theré was a moderate ` 
right ventricular impulse located at the left sternal bordet 
and’ an ejection click at the pulmonic area followed by a soft _ 

- systolic murmur. There was fixed splitting of the second: - 
heart sound, and the diastolic murmur described 10 years ` 
earlier was noted. The liver was firm, tender, pulsatile and 
‘was palpable 10 cm below the right costal margin. Ascites 
was present, and there was moderate pretibial ‘pitting - 
edema. Serum albumin was 3.2 g/ ml and globulin 4.0.¢/100 ` 
‘mil, prothrombjn time’ 52 percent; and partial thrombo-. 
plastin time 92 seconds. eres Nee (Fig. a revealed ` 
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atrial fibrillation with a slow ventricular response, right 
axis deviation and right bundle branch block. . 

Right heart catheterization was performed on May 20, 
1971 (Table I). Biplane cineangiocardiography (Fig. 3) re- 
vealed substantial vena caval and hepatic vein reflux 
with each ventricular contraction, suggesting tricuspid re- 
gurgitation. The right ventricle was grossly distorted in 


outline with an abnormal trabecular pattern, and a filling . 


defect in the right ventricle was again demonstrated as on 
the previous angiocardiogram. This defect extended from 
the junction of the inflow and outflow tracts of the right 
ventricle to the posterior ventricular wall. Anterior and 
posterior portions of the right ventricular wall expanded 
slightly on systole. 

Operative findings and procedure: A median sternot- 
omy was made. Marked adhesions -between the pericar- 
dium and the heart necessitated sharp dissection. A 4 to 5 
mm projection of calcium was noted on freeing the right 
ventricle from the diaphragm. The right atrium was gross- 
ly enlarged, and a marked systolic thrill was noted over it. 
The right ventricle was distorted with a large dyskinetic 
area, 7 by 5 cm on the anterior ventricular wall and 5 by 4 
cm on the posterior wall. The patient was placed on car- 
diopulmonary bypass. The tricuspid valve was in a normal 
position, and the septal leaflet with its chordae tendineae 
was normal; the chordae tendineae of the anterior and 


posterior leaflets were bound down to the septum with en-- 


docardial scarring and calcification. The anterior leaflet 


FIGURE 4. The wooden splinter. found In the 
right ventricular cavity. Length 68 mm, width 
3 by 4 by 7mm. : 
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FIGURE 3. Cineangiocardiograms (right an- 
terior obllque projectlon) May 1971. A, end- 
diastole; B, mid-systole; ©, end-systole. 


- There is marked tricuspid valvular regurgita- 


tlon and the distal apical portion of the right 


‘ventricle exhibits haustrations resembling 


small bowel rather than a trabecular pattern. 
The filling defect is seen throughout the car- 
diac cycle. FD = filllng defect separating 
the Inflow and outflow portions of the right 
ventricle: IF = inflow portion of the right 
ventricle; OF = outflow portion of the right 
ventricle; RA = right atrium; TV = tricuspid 


valve. 


was pulled. over the outflow tract and was imbedded in fi- 
brous tissue. Marked endocardial thickening and fibrous 
tissue replaced the normal trabecular pattern of the right 
ventricular cavity, and a yellowish-white ridge, ranging 
from 15 to 25 mm, extended obliquely from the crista 
supraventricularis along the septum down to the posterior 
wall. On removal of the calcium on the diaphragmatic 
surface of the right ventricle, a wooden splinter, 68 mm in 
length and 3 by 1.5 to 7 by 3.5 mm in transverse diame- 


ter, was withdrawn (Fig. 4). The splinter was coated with 


firmly attached yellowish-white tissue 2 to 3 mm in 
depth. Upon removal of the splinter, the previously noted 
ridge in the right ventricle caved in for its entire length. 

The ventricular wall at the site of perforation was then 
sutured, and the anterior and posterior leaflets of the tri- 
cuspid valve were excised leaving the septal leaflet intact. 
A no. 8 Kay-Shiley disc valve with a muscle guard ex- 
tending around the entire valve was inserted. The patient 
had a normal postoperative recovery. 

She was last seen 6 months after operation. Her regi- 
men of medication included Coumadin® and digoxin, 0.25 
mg/day. Sinus rhythm had been restored with occasional 


‘ runs of 2:1 conduction (Fig. 2), and her condition showed 


marked improvement. 

Microscopic examination: The material adherent to 
the splinter was fibrin thrombus scattered with macro- 
phages and foci of calcification. A section of right ventri- 
cle removed for biopsy revealed extensive endocardial and 
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myocardial fibrosis with areas of calcification and a few 
foreign body granulomas. 
Discussion 

The pathologic, surgical and microscopic findings 
documented a fibrous process extending throughout 
the right ventricular wall and involving the endocar- 
dium, myocardium, epicardium and pericardium. 
The endocardium was particularly involved at the 
apical and outflow portions of the right ventricle 
with extension to the tricuspid valvular structures, 
causing tricuspid incompetence. The epicardial and 
pericardial scarring showed a certain predilection to 
‘the outflow area. Although involvement of the myo- 
cardium was less apparent, fibrotic changes of either 
the main right bundle branch or its ramifications re- 
sulting in right bundle branch block, as well as dam- 
age to the inferior (posterior) division of the left bun- 
die branch underlying the right axis deviation pat- 
tern, are theoretical possibilities. 

Restricted expansion of the right ventricle in dias- 
tole was documented before the onset of atrial fibril- 
lation by an a wave dominating the right atrial pres- 
sure pulse and a high level of early diastolic pressure 
in the right ventricle. These findings were indicative 
of the extent of the fibrotic changes involving the 
right ventricle. 

The combined effect of the endocardial and myo- 
cardial fibrosis resulted in deformity of the right ven- 
tricle and dyskinesia of a large segment of the ven- 
tricular wall. The foreign body with the consequent 
thickened endocardium and the extensive fibrous tis- 
sue reaction resulted in partition of the right ventric- 
ular cavity into 2 compartments: (1) a distal low 
pressure chamber that communicated freely with the 
outflow tract, and (2) a proximal high pressure 
chamber. The 2 distinct pressure areas and the fill- 
ing defect separating them within the right ventricu- 
lar cavity bore a misleading resemblance to the con- 
genital entity of “double-chamber right. ventricle” 
caused by an aberrant muscle bundle. We know of 


no previous report on ‘double chamber right ventri- 
cle” caused by fibrous tissue rather than a muscular 
component. 

One can only speculate on the possible route of 
entry of the wooden splinter into this patient’s heart. 
Penetration most likely occurred in childhood as she 
was sliding down a wooden pole. There was probably 
enough acceleration and energy for the large splinter 
to bore tangentially through the abdominal wall, the 
diaphragm and into the myocardium. Another possi- 
bility is a delayed, slow migration of the splinter into 
the heart after first lodging in the distant soft tissue. 
Direct or indirect entrance into the bloodstream of 
needles, pins; bullets, shell fragments or other objects 
with eventual lodgment in the heart is well docu- 
mented.? It appears that small foreign bodies in the 
myocardium are well tolerated, provided that on 
penetration no damage occurs to the conductive, val- 
vular or coronary elements. 

The circumstances and history of our patient 
suggest the occurrence of an infection confined to the 
right heart chambers early in the course of the dis- 
ease. The history of “pneumonia” and “pleurisy” 
and the exacerbation of coughing attacks after the 
abdominal stab wound could well represent right- 
sided infective endocarditis.+:5.7 We believe that in- 
fective endocarditis, focal myocarditis and patchy 
epipericarditis were the precursors of the fibrotic 1 in- 
volution of the right side of the heart. 

To our knowledge there is no similar previously re- 
ported case. Its rarity lies in the unique traumatic 
origin and the unexpected longevity of the patient. 
Clinically, this patient’s condition was puzzling be- 
cause of the unusual features of a ““double-chamber 
right ventricle,” tricuspid valvular regurgitation and 
the restrictive function of the right ventricle. The 
myocardial and endocardial fibrosis and the massive 
fibrous tissue reaction as the principal pathologic _ 
process in the heart provided a comprehensive expla- 
nation for the complex manifestations of the disease. 
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acute episode, coronary arteriography (Fig. 2) dem- 
onstrated 50 percent obstruction of the proximal left 
anterior descending coronary artery and hypokinesis 
of the anterior wall and apex of the left ventricle in 
the distribution of the involved vessel. On angio- 
grams, the coronary arterial lesion was smooth and 
fusiform, very unlike that seen in primary athero- 
sclerosis and very similar to that described by Wax- 
ler et al.2 in 3 young women who had myocardial in- 
farction while taking oral contraceptive agents. Fur- 
thermore, the other coronary arteries of the women 
described by Waxler et al. were normal, as were 
those of our patient. Thirty-eight months after in- 
farction in our patient, all of the coronary arteries 
were normal on arteriograms (Fig. 2), yet the hypo- 
kinetic area in the left ventricle was very similar to 
that seen 7 months after infarction (Fig. 3). 

Oral contraceptive agents and myocardial in- 
farction: Either an in situ thrombosis or emboliza- 


tion in an otherwise normal left anterior descending | 


artery with subsequent recanalization could account 
for the findings in our patient. Indeed, the pathologic 
description of the coronary arterial lesions at post- 
mortem examination in a young woman who had 
been receiving prolonged estrogen therapy* is very 
compatible with the early angiographic appearance 
of the left anterior descending coronary artery of our 
patient. Stout* believed the lesions found were prob- 
ably the result of organization of thrombi. It seems 
unlikely that an atheromatous lesion would com- 
pletely recanalize leaving a smooth arterial wall. In 
addition, proximal atherosclerotic coronary arterial 
obstructive disease is unusual in young, premeno- 
pausal women without hypertension, diabetes melli- 
tus, obesity, lipoprotein abnormalities or family 
history of premature coronary artery disease.°~‘ 

Our patient had been taking oral contraceptive 
agents for 6 years before infarction. To date, throm- 
bophlebitis, pulmonary embolism and cerebral throm- 
bosis are the only thromboembolic disorders docu- 
mented to occur more frequently in women who use 
these agents.® Inman and Vessey® found, in a series 
of 84 women who died of coronary thrombosis in the 
absence of predisposing factors that users of oral 
contraceptive agents had a higher death rate than 
would be expected from the experience of the control 
group; however, this observation did not attain sta- 
tistical significance. Glancy et al.! reported 2 young 
women with transmural myocardial infarction and 
normal coronary arteriograms. One of these patients 
was taking oral contraceptive agents and the other 
was 11 days postpartum. We have already referred to 
3 similar cases reported by Waxler et al.3 and 1 re- 
ported by Stout.* One can only speculate as to the 
contributory role of oral contraceptive agents in our 
patient’s disease, but it is reasonable to assume that 
the probability of an etiologic relation increases as 
the number of reported cases increases. 

Myocardial infarction in absence of obstructive 
coronary disease: The coexistence of chest pain re- 
sembling angina pectoris and normal coronary arte- 


TRANSMURAL MYOCARDIAL INFARCTION—HENDERSON ET AL. 


riograms, with and without electrocardiographic ab- 
normalities characteristic of myocardial ischemia, 
has been well described?:1°:11 and carries a benign. 
prognosis in women.!? Myocardial infarction without 
frank coronary occlusion has been observed at nec- 
ropsy, but is usually accompanied by diffuse, nonoc- 
clusive coronary narrowing or conditions causing dis- 
parity in oxygen supply and demand, such as cate- 
cholamine administration, pulmonary embolism, 
aortic stenosis or severe anemia.!*:!4 Transmural 
myocardial infarction in the absence of angiographic- 
ally demonstrable obstructive coronary disease is 
distinctly rare. In the series of 176 patients with elec- 
trocardiographically documented transmural myo- 
cardial infarction reported by Proudfit et al.,1° 175 
had at least 50 percent narrowing of a major coro- 
nary arterial branch, and the remaining patient’s 
electrocardiogram reverted to normal 1 month after 
coronary arteriography. Of 109 male patients under 
40 years of age with electrocardiographically docu- 
mented transmural myocardial infarction described 
by Welch et al.,16 only 5 had normal coronary arteri- 
ograms. However, in 3 of these 5 patients, primary 
myocardial disease or myocarditis could not be ex- 
cluded, and another patient may have had a trau- 
matic infarct; thus, the findings of only 1 patient are 
unexplained. 

Resolution of arteriographic lesions—recanali- 
zation? Most patients with transmural myocardial 
infarction with normal coronary arteriograms have 
been studied many months after infarction. Glancy 
et al.1 studied 2 patients with normal coronary arte- 
riograms and hypokinetic areas of the left ventricle 
17 and 57 months, respectively, after infarction. 
Dear et al.17 found normal coronary arteriograms in 
a 43 year old man 16 months after transmural inferi- 
or myocardial infarction. Campeau et al.!® described 
4 patients with transmural myocardial infarction 
and ‘“‘normal coronary arteriograms.” Two of the pa- 
tients were studied 21 and 33 months after infarc- 
tion. However, in the remaining patients, the vessels 
were not strictly normal since the diagonal branch of 
the left coronary artery emptied slowly and appeared 
rigid in 1 patient. In the other, the left anterior de- 
scending coronary artery appeared dilated and 
kinked, and divided in an unusual way, leaving both 
branches widely separated at their origin. Both pa- 
tients were studied 7 months after infarction, and in 
each the arteriographic appearance of the left anteri- 
or descending coronary artery was compatible with 
recanalization. A single exception found in our re- 
view was a 19 year old youth, described by Sidd et 
al.,19 who had an acute transmural inferior myocar- 
dial infarction and normal arteriograms 3 months 
later. However, it is conceivable that obstructive le- 
sions may recanalize at different rates in different 
subjects and under various conditions. In addition, 
Weisse et al.2° induced coronary thrombosis in dogs 
using the Salazar technique but were unable to find 
evidence of thrombosis in 2 of 10 animals restudied 
30 to 70 days later. 
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Campeau et al.18 and Glancy et al.! have postula- 
ted the occurrence of in situ thrombosis or emboliza- 
tion with resultant transmural myocardial infarction, 
followed by recanalization or clot lysis, as an expla- 
nation for subsequently normal coronary arterio- 
grams in patients with transmural myocardial in- 
farction. Our experience confirms this postulate by 
demonstrating a narrowed left anterior descending 
coronary artery 7 months after transmural myocar- 
dial infarction, with resolution of the lesion and a 
normal vessel at coronary arteriography 3 years after 
infarction. Such recanalization has been reported 
in dogs,?° and is now demonstrated in a patient. 

It is accepted that under conditions of nitroglycer- 


in withdrawal coronary arterial spasm may occur 
and death may result in subjects with normal coro- 
nary arteries.?1 It is also well known to coronary ar- 
teriographers that spasm may be induced, particular- 
ly in the right coronary artery, when it is stimulated 
by a catheter that is introduced too far. We do not 
have evidence that such coronary arterial spasm can 
persist long enough to produce myocardial infarc- 
tion, although it may occur. Spasm does not seem to 
be a likely explanation for the arteriographic findings 
in our patient since the arterial lesion was found in 
the proper position to have caused the infarction 7 
months after the acute episode of myocardial infarc- 
tion occurred. 
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Syncopal Attacks Arising from Erratic Demand Pacemaker 
Function in the Vicinity of a Television Transmitter 


GEORGE F. D'CUNHA, MD A patient with an implanted permanent Medtronic 5842 pacemaker 
THOMAS NICOUD, MS had repeated syncopal episodes. These attacks were related to pace- 
ALBERT H. PEMBERTON, MD maker inhibition because of a changing radio-frequency field in the 


FRANCIS F. ROSENBAUM, MD, FACC* 


vicinity of a television transmitter. A titanium-shielded Medtronic 
JAMES T. BOTTICELLI, MD, FACC 


5942 pacemaker corrected the sensing problem. Patients with 5842 
Milwaukee, Wisconsin Medtronic pacemakers should be warned of the possible hazards 
of erratic pacemaker function when they are near television trans- 
mitters. 


Implanted demand pacemakers are exposed to many sources of elec- 
trical and electromagnetic interference. Most newer pacemakers are 
designed to convert to fixed-rate pacing when unwanted signals are 
present. Because reversion to fixed rate depends on the presence of a 
continuous interfering signal for some time, a noncontinuous signal 
may cause inhibition without conversion to a fixed rate. This report 
describes a patient with a Medtronic 5842 (demand) pacemaker who 
experienced recurrent blackout spells caused by pacemaker inhibi- 
tion and resultant periods of asystole. Pacemaker inhibition was 
caused by varying strength radio-frequency interference in the vicini- 
ty of a high power ultra high frequency (UHF) television transmis- 
sion facility. Although instances of radio-frequency interference with 
demand pacemakers have been described,!>2 this is the first report of 
in vivo demand interference from a regularly operating UHF trans- 
mitting facility. 


Case Report 


A 62 year old semi-retired realtor had a permanent transvenous pacemak- 
er of the demand type (Medtronic 5842) implanted on September 9, 1970 
for syncope due to heart block. In June 1971 he began having episodes of 
vertigo and faintness, and over the next 6 months, he had 6 attacks of syn- 
cope. In this same period, his speech became somewhat slurred, he dragged 
his right foot and there was slight right-sided facial weakness. It was be- 
lieved that the attacks might be a seizure phenomenon related to a previous 
cerebral vascular accident. A check of the pacemaker on August 11, 1971 
showed that it was functioning well. On December 29, the patient went to 
Arizona for 3 months and had no syncopal attacks while there. 
After his return home in March 1972, it was first appreciated that all of 
the syncopal attacks had occurred when he left his office and walked to a 
nearby parking lot. It was then suspected that the pacemaker might be in- 
hibited by a television transmitter located in the vicinity. The patient was 
therefore connected to an Avionics model 350G electrocardiographic tape 
From the Pacemaker Clinic, Deaconess recorder (Holter system) and accompanied to the site. A survey of the site 
Hospital, and the Departments of Medicine was made, and the radio-frequency field intensities in the area were noted. 
and Surgery, Medical College of Wisconsin, Field strength measurements were obtained with a Blonder Tongue field 
Si Sool eed titi. rma: ge na strength meter. Input to the meter was provided by a radio-grounded no. 59 
i P 9 coaxial cable, 108 cm in length. The center conductor and shield at one end 


8, 1972, accepted October 3, 1972. : 
Ne Aa of the cable were soldered to the leads (at the point where they emerged 


Address for reprints: George F. D’Cunha, from the resistor body) of a 0.25 watt, 75 ohm resistor. Resistor leads (ap- 
MD, Pacemaker Clinic, Deaconess Hospital, proximately 3.4 cm) were intact. In many areas field intensities (at 492 meg- 
620 N. 19th St., Milwaukee, Wisc. 53233. ahertz) were at least 0.5 volt/m. The distance between the interference - ~ 
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FIGURE 1. An electrocardiographic record (modified lead V4) 
taken from an Avionics electrocardiographic tape recorder 
(Holter system) shows pacemaker inhibition and irregular cy- 
cling of the pacemaker. Sporadic video modulation is also noted 
as interference during the time of erratic pacemaker function. 





site and the television transmitting antenna was approxi- 
mately 850 feet, and the effective radiated power was 1.89 
million watts. Variations in field intensity at any chosen 
location could be correlated with pedestrian and vehicular 
traffic. Palpation of the patient’s radial pulse showed irreg- 
ularly missed beats. A portion of the patient’s electrocar- 
diogram (obtained at the site of interference) demon- 
strated pacemaker inhibition in the presence of the radio- 
frequency field (Fig. 1). Sporadic inhibition rather than 
fixed-rate reversion was probably due to the variable field 
intensity rather than to detected video modulation (which 
can be noted on the electrocardiogram). Similar erratic 
pacemaker operation has been reported in relation to the 
erratic field intensity emission from microwave ovens.3 


Discussion 


Demand pacemakers evolved from fixed-rate pa- 
cers as a result of studies showing that competition 
could be established between the intrinsic electrical 
activity of the heart and the pacemaker. To avoid 
the possibility of a pacemaker stimulus occurring 
during the phase of ventricular repolarization, an R 
wave sensing mechanism was incorporated into the 
pacemaker design. 

The principle of sensing relies on frequency and 
voltage characteristics similar to those of QRS activ- 
ity. Unfortunately, it is difficult to separate QRS ac- 
tivity from other activity of similar form. Thus, it is 
not surprising that there are many reports of un- 
wanted sensing as a result of intrinsic and extrinsic 
electrical or electromagnetic activity, or both. Such 
intrinsic forms as P and T waves as well as pace- 
maker wave forms themselves may cause sensing.4 
The major extrinsic activity sensed is usually elec- 
tromagnetic. Radio transmitters,! automobile igni- 
tion systems,?:5 microwave ovens, electrocautery® 
and diathermy units’ and various appliances? have 
been identified as interfering sources. In our case the 
interfering signal was generated by an ultra high fre- 
quency television transmitter operating normally 
rather than under the test transmission conditions 
described by Pickers and Goldberg.1 

Previously published test results’ have shown that 
field intensities of at least 10 and perhaps 100 volts/ 


meter are required to affect pacer sensing. Field in- 
tensities of this magnitude are normally encountered 
only in close proximity to a high power transmitter. 
In our case, field intensities of only 0.5 to 1 v/m were 
found. The discrepancy involved is related to the 
variations in field intensities found compared with 
those in the uniform field tests performed by Gobeli.® 
It is therefore clear that much lower field intensi- 
ties can cause false pacemaker sensing if the intensi- 
ty is variable at a rate that mimics the frequency 
and amplitude characteristics of the QRS complex. 
Although the Medtronic model 5842 is designed to 
revert to fixed-rate operation in the face of external 
high-frequency interference (as might be provided by 
detected video modulation or synchronization puls- 
es), the duration of the high-frequency modulation of 
the interfering signal was not long enough to cause 
reversion. 

In addition to the observations made on our pa- 
tient, in vitro tests performed at the site by Medtronic 
representatives demonstrated erratic inhibition of a 
model 5842 pacemaker. Similar tests with shielded 
models 5942 and 5943 yielded no false sensing.? A 
General Electric model A2072D pacer was also tested 
at the interference site by General Electric represen- 
tatives. No change in operation was reported.1° The 
A27072D pacer was driven with an inhibiting pulse 
from a model A2071AB external pacer; intermittent 
reversion to fixed rate occurred depending on loca- 
tion and external generator shielding. 

Shielded units have been built with the intention 
of eliminating external interference problems (Med- 
tronic 5942, 5943, Biotronix). Since the television 
station area and test conditions showed proper func- 
tion of a shielded Medtronic 5942 pacemaker, this 
unit was inserted in our patient. The Medtronic 
model 5842 pacemaker removed from the patient 
was tested and found to have a sensing threshold of 
1.8 mv, which is within the specifications for that 
unit. On June 5, 1972 the patient was walked 
through the area in question and observed by means 
of the Holter electrocardiographic monitoring sys- 
tem. No pacemaker inhibition was recorded. 

Our tests indicate that shielded units do protect 
the patient in the environment of an ultra high fre- 
quency transmitter by direct shielding of the unit. 
Future difficulties could arise from extrinsic elec- 
trical signals picked up directly by the tip of the pace- 
make catheter in situ or from resonance of the cathe- 
ter in a radio-frequency field. Our case clearly demon- 
strates that the area near television stations may 
present a serious hazard to patients with demand 
pacemakers of the Medtronic 5842 type. 
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A case of isolated tricuspid incompetence after penetrating cardiac 
injury is presented. This report is the first to date in which a tricuspid 
valve injured in such a way and surgically treated is described. A 
stented heterologous pericardial graft was used. Echocardiography 
as a supplementary diagnostic method is discussed. 


The least common traumatic cardiac valvular lesion is that of the 
tricuspid valve.’ Isolated tricuspid incompetence due to blunt trau- 
ma has occasionally been reported.?-* There have been only 2 pub- 
lished cases of tricuspid incompetence due to a penetrating injury.° ® 
Surgical treatment was performed in neither. This study is the third 
reported case of tricuspid incompetence after penetrating trauma. 
Diagnosis and surgical correction using a stented pericardial graft 
are described. 


Case Report 


A 27 year old laborer who had been healthy, with no known history of 
cardiac lesion, addiction to drugs or relevant systemic disease, was admit- 
ted to a local hospital on June 20, 1970, after having sustained a stab 
wound over the precordium. An entry wound was noted over the fifth inter- 
costal space near the left sternal edge. Two days after admission, a systolic 
murmur was heard, and repeat chest X-ray examination revealed that the 
cardiothoracic ratio was increased. However, the patient remained well, 
with no clinical evidence of cardiac failure, pericardial tamponade or infec- 
tion. He was therefore discharged after 1 week in the hospital. A few weeks 
later progressive dyspnea on exertion and ankle edema developed. On read- 
mission he had clinical signs and roentgenographic evidence of large peri- 
cardial effusion, which was aspirated twice and yielded 1,600 ml of heavily 
blood-stained fluid. Persistent pyrexia later developed, which was eventual- 
ly resolved by short-term prednisone therapy. After temporary relief, the dys- 
pnea continued to increase and in December 1971 he was referred to our 
hospital. 

On admission the patient was orthopneic, with signs of congestive cardiac 
failure and an enlarged pulsating liver. The jugular venous pulse revealed 
prominent systolic waves. Cyanosis was absent. Right brachial arterial 
pressure was 130/85 mm Hg with no evidence of pulsus paradoxus. The car- 
diac apex was in the fifth interspace at the mid-clavicular line and exhib- 
ited a normal impulse. In the tricuspid area there was atrial gallop, a ven- 
tricular filling sound and grade 2/6 pansystolic and grade 1/6 mid-diastolic 
murmurs which were accentuated on inspiration. The electrocardiogram 
showed sinus rhythm, normal QRS axis in the frontal plane, P waves within 
the normal range, P-R interval of 0.18 second and incomplete right bundle 
branch block (rSR pattern). A chest roentgenogram indicated a cardiotho- 
racic ratio of 56 percent with no discernible abnormality in the lung field (Fig. 
1A). 

Ultrasound cardiogram revealed a normal mitral echogram and an in- 
creased right ventricular dimensional index (4.3 cm/m?) (normal range 0.3 
to 1.1 cm/m?).? The interventricular septum appeared to move posteriorly 
after the P wave and anteriorly during ventricular ejection (Fig. 2). Only parts 
of the tricuspid echogram were obtained (Fig. 3). 
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FIGURE 1. Chest roentgenograms. 
A, preoperative, showing enlarge- 
ment of the cardiac shadow (car- 
diothoracic ratio 56 percent). B, 3 
weeks after operation, showing re- 
duction of the cardiothoracic ratio 
to 52 percent. 


Cardiac catheterization excluded intracavitary shunts. 
The mean right atrial pressure was 15 mm Hg. Right atrial a 
and v waves were large (18 and 29 mm Hg, respectively). 
Pressure recordings from the right and left ventricles, pul- 
monary artery and pulmonary wedge were within normal 
limits. Aortic and pulmonary arteriograms did not reveal 
any incompetence or fistulous communications. Right ven- 
triculograms showed gross regurgitation of the contrast 
medium into the right atrium. 

Operative findings and procedure: Lack of response to 
digoxin and diuretic drug therapy prompted surgical in- 
tervention. On February 29, 1972, the chest was opened by 
a mid-sternal incision, and the heart was found to be ad- 
herent to the pericardium. No effusion was found. The 
right atrium and ventricle were grossly enlarged, and a 
systolic thrill was palpable over the lower part of the right 
atrium and over the adjacent inferior vena cava. 

With the use of complete cardiopulmonary bypass, the 
right atrium was opened, and the tricuspid valve was 
found to be grossly incompetent due to rupture of all 
chordae of the anterior leaflet. The free margin of this 


FIGURE 2. Preoperative echocardiograms. The interventricular 
septum moves posteriorly during atrial systole and anteriorly dur- 
ing ventricular ejection. ECG = electrocardiogram; IVS = inter- 
ventricular septum; LVW = posterior wall of the left ventricle; 
MV = mitral valve; RVW = anterior wall of the right ventricle. 
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cusp was somewhat thickened, and remnants of a few 
chordae, not more than 2 mm in length, were seen at- 
tached to it. On close inspection the papillary muscles 
supporting this leaflet could not be identified. No evi- 
dence of septal injury was found at the atrial or ventricu- 
lar level. Repair of the valve was not feasible because of 
complete destruction of the chordae. The affected cusp 
was therefore removed, and a 3-cusp frame-mounted 
heterologous pericardial graft was sutured to the tricuspid 
annulus using interrupted sutures along the location of 
the conduction bundle and 1 continuous suture for the re- 
maining 75 percent of the circumference. The septal and 
posterior leaflets were left in place to reinforce the suture 
line. The histologic features of the excised cusp did not 
reveal evidence of recent or past infective endocarditis. 

On the fourth postoperative day, complete heart block 
developed, and was initially treated by pacing using tem- 
porary electrodes inserted at the time of operation. Four 
days later pacing was discontinued, and Saventrine (slow 
release isoproterenol) was administered until the 15th 
postoperative day, when the patient regained sinus 


FIGURE 3. Preoperative tricuspid echogram: anterior leaflet 
movements during late ventricular ejection and early diastole 
are absent. TV = tricuspid valve; other abbreviations as in Fig- 
ure 2. 
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rhythm. Subsequent electrocardiograms revealed sinus 
rhythm, normal QRS axis in the frontal plane, P waves 
within normal range, P-R interval of 0.20 second and per- 


- sistence of incomplete right bundle branch block. 


When the patient was discharged from the hospital on 
the 23rd postoperative day, he had no signs of congestive 
heart failure or tricuspid systolic murmur. However, a 
short grade 1/6 tricuspid mid-diastolic murmur was audi- 
ble. The cardiothoracic ratio on roentgenogram was 52 
percent (Fig. 1B). 


Discussion 

Todd in 1848 described traumatic tricuspid incom- 
petence in a patient who had sustained a penetrating 
wound of the heart. Another patient who had a simi- 
lar type of trauma was described by Adam® in 1927. 
In both cases valvular insufficiency was due to rup- 
tured chordae of the anterior leaflet. All the other 
reported cases of traumatic tricuspid incompetence 
were attributed to nonpenetrating trauma. The le- 
sions encountered were the following: papillary mus- 
cle rupture,?:8-1! torn chordae tendineaet?-15 and 
valvular laceration. -?-16 

In our patient, the absence of relevant systemic 
and cardiac history before the accident indicates 
that such trauma was probably the direct cause of 
tricuspid incompetence. Spontaneous rupture of the 
chordae of the tricuspid valve was reported in a pa- 
tient whose valve had been the seat of rheumatic 


disease.1* Infective endocarditis was also reported to 


cause rupture of the tricuspid valvular chordae.® In 
our patient no gross or histologic evidence of seque- 
lae of endocardial infection was found. It is therefore 
highly probable that the chordae were severed dur- 
ing the infliction of the stab wound. 

In contrast to traumatic mitral valvular insuffi- 
ciency, in most reported cases of traumatic tricuspid 
incompetence the course was one of slow clinical de- 
terioration.1:2:13 However, rapid cardiac impairment 
was described in patients with ruptured papillary 
muscles of the tricuspid valve.” 

Repair of the tricuspid valve is expected to pro- 
duce good results when performed early after 


trauma.?:5:? Replacement with prostheses has also 
been reported in cases in which repair was not possi- 
ble.1-2:12.13 To our knowledge, there has been no pre- 
vious report of surgically treated penetrating injury 
of the tricuspid value. A tissue valve was used in our 
patient because such valves are virtually free of 
thromboembolic complications, even without anti- 
coagulant therapy. 

Diagnosis: Large v waves in the jugular venous 
pulse, systolic pulsations of the liver and the pres- 
ence of a pansystolic murmur at the left parasternal 
edge that increases on inspiration, are well recog- 
nized signs of tricuspid incompetence.!® However, 
the systolic murmur may not be very prominent,? or 
may even be absent.!° The electrocardiographic evi- 
dence of right ventricular hypertrophy adds further 
support to the diagnosis. Hemodynamic and angio- 
cardiographic studies are necessary to confirm the 
diagnosis and to exclude the possiblity of intracavi- 
tary shunts. 

Echocardiography was of help in corroborating the 
diagnosis in this case. Patients with volume overload 
of the right ventricle were shown to have an abnor- 
mal posterior movement of the ventricular septum 
after the P wave and an anterior movement during 
ventricular ejection, which is the reverse of the nor- 
mal pattern.19 Such abnormal movements of the 
septum were encountered in patients with atrial sep- 
tal defect,7:14 tricuspid incompetence’ and total 
anomalous pulmonary venous drainage.?° The echo- 
cardiographic evidence of increased right ventricular 
dimensions was consistent with the clinical and oper- 
ative findings. 

Movement of the anterior tricuspid leaflet was 
found to be easier to record in patients with an en- 
larged right ventricle.2! The inability, therefore, to 
obtain a complete echogram of the anterior leaflet of 
the tricuspid valve in our patient (Fig. 3) was proba- 
bly due to its random movements resulting from 
ruptured chordae tendineae. Such findings in combi- 
nation with a normal mitral echogram may be help- 
ful in the diagnosis of similar lesions. 
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A 34 year old premenopausal woman without hypertension, diabetes 
mellitus, lipoprotein abnormality or family history of coronary dis- 
ease, had an acute transmural anterior myocardial infarction. She 
had been taking oral contraceptive agents for 6 years. Coronary ar- 
teriograms and left ventriculography 7 months after infarction 
showed 50 percent obstruction of the proximal left anterior descend- 
ing coronary artery and hypokinesis of the anterolateral and apical 
portion of the left ventricle. Arteriograms obtained 38 months after 
infarction were normal, but the area of left ventricular hypokinesis 
was unchanged. In situ thrombosis or embolization with subsequent 
recanalization may explain these events. Although acute transmural 
myocardial infarction with normal coronary anteriograms has been 
described, this report demonstrates an obstructive coronary lesion 
early after the infarct and its subsequent resolution at repeat coro- 
nary arteriography. This finding suggests that transmural myocardial 
infarction with normal coronary arteriograms may be an artifact of 
the elapsed time between the infarction and arteriography. 


Transmural myocardial infarction with normal coronary arterio- 
grams has been reported!3 but is uncommon. This report describes a 
young woman whose coronary arteriograms demonstrated 50 percent 
narrowing of the proximal left anterior descending coronary artery 7 
months after acute transmural anterior myocardial infarction, and no 
obstructive disease 31 months after the initial study. 


Case Report 


A 34 year old white woman with a 6 year history of use of oral contracep- 
tive agents was in good health until February 3, 1968, when she awoke in 
the night with sharp retrosternal chest pain. She was admitted to a local 
hospital and experienced 3 episodes of ventricular fibrillation requiring di- 
rect-current defibrillation. Serial electrocardiograms revealed S-T segment, 
T and Q wave changes of an acute anterior transmural myocardial infarc- 
tion (Fig. 1). Serum glutamic oxaloacetic transaminase increased to 256 
units (normal 10 to 40) and lactic dehydrogenase to 801 units (normal 90 to 
110). The patient was discharged after 1 month of hospitalization. Two 
months later she began to experience dull anterior chest pain with radiation 
to the left arm. The pain was unrelated to exertion and not relieved by ni- 
troglycerin. Seven and one-half months after infarction, she underwent car- 
diac catheterization and coronary arteriography at the Cleveland Clinic. 
The proximal portion of the left anterior descending coronary artery had a 
smooth fusiform narrowing, reducing the lumen diameter by 50 percent 
(Fig. 2, A and C). The left ventriculogram showed impaired motion of the 
anterolateral and apical portions of the left ventricle. 

The patient’s chest pain continued, despite treatment with propranolol 
and isosorbide dinitrate, and she was admitted to the University of Wis- 
consin Hospitals on April 27, 1971. Family history was negative for cardio- 
vascular disease, diabetes mellitus and hypertension. The patient had 
smoked a 14 pack of cigarettes a day for 17 years. Evaluation for diabetes 
mellitus and hyperlipoproteinemia was negative. Selective coronary arteri- 
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FIGURE 1. Electrocardiogram on the third hospital day showing 
changes of an acute transmural anterior myocardial infarction. 
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ography performed 3 years and 3 months after myocardial 
infarction revealed normal coronary arteries (Fig. 2, B and 
D). An area of impaired motion of the anterolateral and 
apical portions of the left ventricle (Fig. 3) was the same 
as that seen on the left ventriculogram 3 years earlier. 


Discussion 


The diagnosis of acute myocardial infarction in 
this patient is well supported by her characteristic 
presentation with 3 episodes of ventricular fibrilla- 
tion, the electrocardiographic changes of acute 
transmural anterior myocardial infarction and typi- 
cal serum enzyme changes. Seven months after the 


FIGURE 2. Left coronary arteriograms in 45° 
left anterior oblique (A and B) and 30° right 
anterior oblique (C and D) projection. Seven 
months after infarction (9/68) there is 50 
percent narrowing of the left anterior de- 
scending coronary artery. Thirty-eight 
months after infarction (4/71), the arterio- 
gram is normal. AD = anterior descending 
coronary artery; CIR = circumflex coronary 
artery; LMT = left main coronary trunk; 
PROX AD = proximal anterior descending 
coronary artery. 


"End-systole 


FIGURE 3. Left ventriculogram in 45° right 
anterior oblique projection in systole and 
diastole showing hypokinesis of the antero- 
lateral and apical regions. LV = left ventri- 
cle; LV End-diast = left ventricle at end- 
diastole; LV End-systole = left ventricle at 
end-systole. 
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Two patients with inferior wall myocardial infarction are described in 
whom “color vectorcardiograms” in the horizontal plane were re- 
corded with an apparatus we have devised. The dashes of the vector 
loop were colored to indicate variations in height of the deflections in 
the Y axis. In both cases, the early half of the QRS loop was mostly 
reddish in color, indicating that this segment of the loop, including its 
initial deflection, projected abnormally upward. Thus, the diagnosis 
of inferior wall myocardial infarction was made by the use of a col- 
ored vectorcardiogram in a single plane. . 


The “color vectorcardiogram”’ is a colored veetorcardiogram in the 
horizontal plane.1 The dashes of the vector loop are colored to indi-. 
cate changes in height of the deflections in the Y axis (that is, the 
degree of superior and inferior deviations). Therefore, a single, col- 
ored graph, that is, the “color vectorcardiogram,”’ represents the 
spatial vectorcardiogram that ordinarily consists of 3-plane vector- 
cardiograms. We believe that use of the single plane color vectorcar- 
diogram facilitates comprehension of vectorcardiography. 

In a previous paper! we reported the method of recording the color 
vectorcardiogram. In this study, we apply this method clinically in 2 
cases in which variations in height of the deflections in the Y axis 
(corresponding to changes in color of the dashes of the vector loop) 
are specifically related to the diagnosis of inferior (diaphragmatic) 
myocardial infarction. 


Method 


“Color vectorcardiograms”’ were recorded with an apparatus we have de- 
vised and described elsewhere.! Using a vectorcardiogram recorded in the 
horizontal plane alone, as shown in Figure 1, we colored dashes of the vec- 
tor loop so that changes in height of the dashes were indicated by differ- 
ences in those colors. The spatial vectorcardiogram, accordingly, was repre- 
sented by a single-plane colored vectorcardiogram. 

As illustrated in Figure 1, the dashes of the vector loop were represented 
by colors as follows: dashes at the level of the origin, by yellow; those higher 
than the origin (that is, in the direction of the head, or in the positive di- 
rection), by reddish colors; and those lower than the origin (that is, in the 
footward or negative direction), by bluish colors. In typical cases segments 
of the loop of +0.8 mv were colored red, segments of +0.4 mv orange, seg- 
ments of 0 mv yellow, segments of —0.4 mv yellow-green, segments of —0.8 
mv green, segments of —1.2 mv green-blue, and segments of —1.6 mv blue. 
When the Y axis scalar magnitude exceeded these values to reach a value-of 
more than +1.2 mv, the dashes of the vector loop were colored white, 
whereas when the Y axis scalar value was less than —2.0 mv, the dashes 
were colored blue-purple. 

: The placement of electrodes was determined according to the method of 
rank.? 
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FIGURE 1. Color vectorcardiogram in the horizontal plane re- 
corded in a 41 year old man. In this example, the method for 
recording was simplified by the use of only 3 colors. The colors 
of the dashes of the vector loop are chosen as shown in the 
frontal plane: in a level of the origin of the vector loop and its 
neighborhood, yellow; above this level, red; and below this level, 
blue. At borderline heights, mixtures of 2 adjacent colors are 
shown: between yellow and red, orange; and between yellow 
and blue, green. The-QRS loop in the horizontal plane shows 
abnormal clockwise rotation, indicating anterior wall myocardial 
infarction. The early half of the QRS loop in the horizontal plane 
is blue in color, indicating that this portion projects downward. 
By contrast, the late half of the QRS loop is red in color, indi- 
cating that it projects upward. Each interval between dashes rep- 
resents 2 msec. 


Case Reports 


Case 1: Figure 2 shows a color vectorcardiogram in the 
horizontal plane obtained from a 65 year old man with in- | 
ferior wall myocardial infarction. The early half of the QRS 
loop is mostly reddish in color, thus indicating that this seg- 
ment of the QRS loop, including its initial deflection, 
projects abnormally upward. 

The QRS loop shown in this figure starts at the level of 
origin (yellow) and goes upward through orange (0.4 mv in 
height) to a height of red (0.8 mv). Then, the loop goes 
downward through orange (0.4 mv) to the same’ level as 
the origin (yellow). The loop then continues to go down- 
ward through yellow-green (—0.4 mv) to a depth between 
yellow-green and green (between —0.4 mv and —0.8 my). 
Finally, the loop again goes upward from this point, and, 
passing through yellow-green, returns to the origin (yel- 
low). 


Case 2: Figure 3 shows another color vectorcardiogram 
in the horizontal plane, obtained from a 45 year old man 
with coexisting anterior and inferior wall myocardial in- 
farction. Since the amplitude of the deflection in the Y 
axis was unusually low in this case, the sensitivity to the 
voltage in the Y axis was increased to twice the usual sensi- 
tivity, so that differences in color of the dashes might be 
readily appreciated. 





FIGURE 2. A “color vectorcardiogram” in the horizontal plane 
recorded in a patient with inferior wall myocardial infarction. 
Each interval between dashes represents 2 msec. 
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As shown in Figure 3, the QRS loop in the horizontal 
plane has abnormal clockwise rotation, indicating anterior 
wall infarction. In addition, the early half of the QRS loop, 
including its initial deflection, is reddish in color. Thus, 
this portion shows abnormal, upward projection, indicat- 
ing inferior wall infarction. The late half of the QRS loop 
is directed downward to a depth between yellow-green and 
green (between —0.2 mv and —0.4 mv). A small portion of 
the terminal deflection shows a yellow-orange color (+0.1 
mv), indicating that this segment lies a little higher than 
the origin of the QRS loop. 


Comment 


In the diagnosis of heart disease by means of a sin- 
gle plane vectorcardiogram, the horizontal plane 
usually provides the greatest degree of accuracy. We 
therefore chose to color the loops of the horizontal 
plane vectorcardiogram for the color vectorcardio- 
gram. However, in many cases, diagnosis cannot be 
made by use of the ordinary horizontal plane vector- 
cardiogram alone. Therefore, this report describes 2 
patients with inferior wall myocardial infarction in 
whom we recorded color vectorcardiograms. In both 
cases, inferior infarction could be readily diagnosed 
by changes in color of the dashes, where the reddish 
dashes in the initial deflection of the QRS loop indi- 
cate abnormal upward projection. 

We believe that use of the single-plane color vec- 
torcardiogram will facilitate interpretation of the 


FIGURE 3. Color vectorcardiogram in the horizon- 
tal plane recorded in a patient with coexisting an- 
terior and inferior myocardial infarction. Each in- 
terval between dashes represents 2 msec. 


vectorcardiogram by the average clinician. However, 
the dashes of the vector loop must be carefully col- 
ored so that the accuracy in interpretation may be 
nearly equal to that obtainable by use of the conven- 
tional 3-plane method. 

In its simplest form, the color vectorcardiogram 
uses only 3 colors (Fig. 1). Although the use of only 3 
colors may simplify understanding of the vectorcar- 
diogram, there are many cases in which changes in 
height of the dashes are not satisfactorily represent- 
ed by the use of only 3 colors. Accordingly, more 
than 3 colors are used in typical cases (Fig. 2 and 3). 
Furthermore, when the Y axis scalar magnitude is so 
small that differences in color of the dashes are not 
clear, the sensitivity along the Y axis is increased, as 
shown in Figure 3, where the difference of 0.1 mv can 
be represented. In Figures 2 and 3, the color vector- 
cardiogram and colors for its calibration are photo- 
graphed with the same film, so that the heights cor- 
responding to colors can be clearly indicated without 
being affected by the process of printing. We believe 
that, with use of these procedures, satisfactory accu- 
racy in interpretation can be readily attained. 
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The recent resurgence of interest in the localization 
of the origin of atrial ectopic beats has resulted in 
experimental and clinical data that have created 
much confusion. Controversy surrounds the question 
whether the left atrium possesses automaticity. On 
the basis of available evidence, we believe that auto- 
matic and extrasystolic impulses are occasionally 
formed in the left atrium and, under certain condi- 
tions, can be diagnosed electrocardiographically. 


Are There Automatic or Extrasystolic Centers in 
the Left Atrium? 


In early studies, parts of the left atrium of rabbits 
and guinea pigs were found not to beat spontaneous- 
ly or to do so “rarely”? or the beats were considered 
“irregularly periodic or aperiodic’’?:? or infrequent 
and irregular.4 It was assumed that under special 
conditions” extrasystoles or tachycardias may arise 
in the left atrium.* More recently, pharmacologically 
induced automatic impulses were found to occur less 
frequently in the left atrium than in the other 3 
chambers of the heart of guinea pigs.° 

Histologic examination does not permit accurate 
differentiation of pacemaking fibers from common 
atrial muscle fibers. Several reports of the presence 
of specialized fibers in the left atrium or extension or 
embryologic dislocation® of the sinus node into the 
left atrium have not been confirmed. On the other 
hand, with use of intracellular microelectrodes, auto- 
matic fibers have been detected in the left atrium of 
the rabbit. 

However, two facts should caution us from draw- 
ing definite conclusions from these findings as to the 
presence of specialized tissue in the human heart. 
First, in experiments in rabbits, conditions were re- 
peatedly found that could not be detected in the 
human or even the canine heart.* Second, manipula- 
tion of atrial strips, cuts or even pressure applied to 
them, and in particular the disturbance of blood 
supply caused by these maneuvers, may damage the 
muscle cells and lead to a loss of potassium.?1! Loss 
of potassium during ischemia, or otherwise artificial- 
ly induced, makes it possible for impulse formation 
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to occur in common myocardial cells.+2-13 Therefore, 
one must assume that under abnormal conditions 
impulses may be generated in the left atrium even if 
there is no specialized tissue in that chamber. 


Accuracy of the Electrocardiogram in Diagnosis 
of Left Atrial Rhythms 


Statement on the value of the electrocardiogram in 
the diagnosis of arrhythmias originating in the left 
atrium have been so contradictory that even experi- 
enced electrocardiographers are unable to separate 
facts from assumptions. When electrocardiography 
was in its infancy, an inverted P wave in lead I 
aroused the suspicion of left atrial origin of the im- 
pulse.14 Later it was demonstrated in dogs that elec- 
trical stimulation of the left atrium resulted in inver- 
sion of the P wave in lead I and positive P waves in 
leads II and III.15 The objection has been raised that 
in these studies the heart was exposed and displaced 
after thoracotomy1!®; however, numerous studies per- 
formed in the same manner on the exposed canine 
heart otherwise gave reliable results, comparable to 
those obtained with the chest closed. 

In patients with an atrial septal defect, mechani- 
cal stimulation of the left atrium with the tip of a 
catheter-electrode produced a negative or mainly 
negative P wave in lead I provided the atria were in 
the usual position.17 In addition to lead I, only an in- 
tracardiac or lead aVF was registered in 2 patients. 
In man, marked variations in the configuration of the 
P wave by electrical stimulation of the left atrium 
were found.1§ The authors assumed that P waves of 
beats originating near the coronary sinus cannot be 
differentiated from left atrial beats. Recently, Mas- 
sumi et al.18 concluded that the sequence of right and 
left atrial depolarization is a useful and “possibly in- 
dispensable” means of determining the origin of the P 
waves; for this purpose, they used a direct right atri- 
al and a bipolar esophageal lead. However, in this 
connection, it should be stressed that in atrioventricu- 
lar (A-V) junctional rhythm the left atrium is acti- 
vated before the right atrium in dogs!® and in 
man.?0 

When parts of the atria are mechanically stimulat- 
ed, it cannot be assumed that the resulting beats 
originate just beneath the stimulating catheter. It 


June 1973 The American Journal of CARDIOLOGY Volume 31 799 


EDITORIALS 


also cannot be assumed that with the use of electri- 
cal stimuli the impulses originate at the stimulated 
„area. In an instructive study,?! P waves of various 
configurations and degrees of polarity were obtained 
when the same area was stimulated with electrical 
stimuli above or at threshold levels. In another 
study, creation of A-V junctional rhythms by cooling 
the sinus node and clamping it off in the same ani- 
mal created rhythms with different forms of inverted 
P waves. 2? 

Mirowski et al.?3-25 have issued a series of reports 
on left atrial P waves. In patients with mirror-image 
dextrocardia and atrial inversion they described 
“dome and dart” P waves in lead V123; the occur- 
rence of such P waves has been confirmed in some 
patients with origin of the impulses in the left atri- 
um. On the assumption that the activation of the 
atria moves from left to right when impulses origi- 
nate in the left atrium, an inverted P wave in lead 
Ve was described as typical of left atrial rhythm.?4 
This finding was said to rule out an A-V junctional 
rhythm. Mirowski?® tried to refine the diagnosis of 
left atrial rhythms, but objections have been raised 
to his attempts to use vectorial interpretation of the 
P waves for exact localization of their origin. His 
statement that P waves in the anterior chest leads 
cannot be positive in A-V junctional rhythm because 
no tissue of importance is situated between the A-V 
node and the anterior chest wall is incorrect because 


activation of the lateral walls of the right atrium and ~ 


parts of the left atrium should cause vectorial forces 
moving toward the anterior chest wall. We agree 
with others?®-29 that most instances of left atrial 
rhythm reported by Mirowski in his later publica- 
tions were instances of A-V junctional rhythm. 

We disagree with the view that A-V junctional 
rhythm cannot be differentiated from left atrial 
rhythm. This observation is true of only some in- 
stances of left atrial rhythm. One reason for diffi- 
culty in differentiation is the connection of the A-V 
node to the left atrium by muscular strands.?° In one 
histologic study in a 14 year old boy the A-V node 
was connected by a muscular bundle with the supe- 
rior wall of the left atrium.*1 Because of the connec- 
tion of the A-V node with the left atrium, left atrial 
activation often (or always) precedes activation of 
the right atrium in A-V rhythms. 

Since the left atrial area is large, it is easy to un- 
derstand why left atrial rhythms do not always pro- 
duce P waves that are inverted in lead I and positive 
in leads II and III. The P wave configuration in this 
abnormal rhythm depends on the area of left atrium 
where the impulses originate and on the atrial path- 
way used by these impulses. Experimental data28. 
32-35 and clinical investigations have shown that 
stimulation of the upper portions of the left atrium 

or its appendage leads to a negative P wave in lead I 
and a positive P wave in leads II and III. This find- 
ing is to be expected because activation moves away 
from the left arm toward the right arm and left leg, 
causing a negative P wave in lead aVL and a positive 
P wave in leads aVR and aVF. 


Initial activation of the normally positioned left 
atrium was originally thought to result in a left to 
right direction of the atrial vector, thus consistently 
producing an inverted P wave in lead I. Because of 
the size and position of the left atrium, this assump- 
tion applies only to a localized section of the atrium; 
with origin of the impulse in the lower portion of the 
left atrium one expects that the atrial electrocardio- 
gram will resemble that obtained in A-V junctional 
rhythm. 

The confusion on this subject was increased by re- 
ports?*.39 that impulses originating in the coronary 
sinus area of the canine heart do not lead to inverted 
P waves in leads II, III and aVF as long as the spread 
of the atrial activation is ‘‘normal.” This finding 
contradicted all previous experience. Earlier experi- 
ments led to the conclusion that positive P waves in 
leads II and III in A-V junctional rhythm, including 
coronary sinus rhythm, are the result of a distur- 
bance of intraatrial or interatrial conduction.37 How- 
ever, Frau%8 and Moore et al.39:4° stated that nega- 
tive P waves under these conditions were due to ab- 
normal spread of excitation because the sinus node 
was eliminated by crushing or cooling, and these 
procedures may interfere with the normal propaga- 
tion of the impulse in the atria. In the experiments 
of Moore et al.9 the dogs were placed on the right 
side. 

The hypothesis of positive P waves in Lead II dur- 
ing A-V rhythm after presumptive elimination of the 
sinus nodet? is not convincing. It is often forgotten 
that elimination of the sinus node by crushing, liga- 
ture or other “radical”? removal4*? changes the blood 
supply to the atria by interrupting the blood flow in 
some of the atrial arteries and thus causes interatrial 
or intraatrial conduction disturbances.!9 

No investigators have explained why a radical 
change in the activation of the atria from normal 
sinus to A-V junctional rhythm does not change the 
atrial vectors and the form of the P wave. Ventricu- 
lar extrasystoles conducted to the atria in reverse 
manner also showed positive P waves in leads II and 
III in 6 instances.°9 This finding contradicts clinical 
experience. It is strange that there is possibly only 1 
clinical observation of A-V rhythm with a negative P 
wave in lead I and a positive P wave in leads II and 


1.48 


Recently Waldo et al.?1-36 reported that polarity of 
the P wave is not a reliable indication of A-V 
rhythm. However, they found negative P waves in 
leads II, III and aVF when the atria were paced from 
the inferior and posterior portions of the left atrium 
and caudal portion of the right atrium.?1 Thus, their 
observations are in agreement with the opinion held 
for many decades. 

It has been reported** that a branch of Bach- 
mann’s interatrial bundle courses down the septum 
to the A-V node. Therefore, upright P waves record- 
ed in leads II and III in A-V junctional rhythm or 
retrograde conduction of impulses coming from the 
ventricles may be explained in the following way: 
The impulse spreads in a caudad-cephalad direction - 
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through this branch in the interatrial septum, with- 
out activating the surrounding atrial musculature 
before reaching the upper part of the septum from 
where it spreads to activate the atria in a cephalad- 
caudad direction. If this occurs, as postulated long 
ago,*° the event is rare. 


Conclusions 


The question of left atrial rhythm, its existence 
and its electrocardiographic diagnosis, is still open; 
more work has to be done before we can make defini- 
tive statements. We hazard the following tentative 
remarks on the diagnosis of left atrial impulse forma- 
tion: In the presence of an inverted P wave in leads I 
and aVL and positive P waves in leads II, II, aVF 
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and aVR, we suspect left atrial rhythm. The pres- 
ence of a “dome and dart” P wave configuration in 
lead V; is suggestive of left atrial rhythm; its ab- 
sence does not exclude the diagnosis. Inverted P 
waves in lead Vg may be present in left atrial 
rhythm, but this finding is neither specific nor essen- 
tial for the diagnosis; they may occur in A-V junc- 
tional rhythm. Certain types of left atrial rhythm 
cannot be differentiated electrocardiographically 
from A-V junctional rhythm. For clinical purposes 
we still believe that the diagnostic criteria for junc- 
tional rhythm should remain the same as in the 
past—namely, inverted P waves in leads II, I and 
aVF and positive P waves in aVR regardless of the 
configuration of the P wave in lead Ve. 
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The functional state of the left ventricle reflects the 
extent of the cardiac damage caused by coronary ar- 
tery disease and provides an indication of the risk of 
coronary surgery. All other factors being equal, the 
patient with normal or near normal ventricular func- 
tion is considered a good surgical candidate, whereas 
the patient with a baggy, dilated ventricle that 
seems to quiver rather than contract with each heart 
beat usually presents an unacceptably high risk. In 
the latter case, myocardial function is so poor that, 
even if the surgical procedure is a technical success, 
it is unlikely that any benefit will be derived from 
the increase in coronary flow. Between the two ex- 
tremes, there is a sizable group of patients in whom 
it is very difficult, because of the absence of clear-cut 
objective criteria, to evaluate accurately the degree 
of ventricular impairment. 

The left ventricular ejection fraction has been pro- 
posed as an objective measurement of the functional 
potential and possibly the viability of the myocar- 
dium. If coronary surgery should be shown to pre- 
serve or improve cardiac function, this measurement 
may be of prime importance in differentiating the 
patient with a “‘salvageable”’ ventricle from the pa- 
tient with ischemic changes that have progressed be- 
yond the point of rehabilitation. Whether the ejec- 
tion fraction is the proper index for this purpose is 
beyond the scope of this discussion. However, no 
evaluation of the role of the ejection fraction is possi- 
ble until this value can be accurately determined so 
that it truly reflects the stroke work of the heart under 
physiologic conditions. 

The ejection fraction is derived from the end-sys- 
tolic volume and the end-diastolic volume of the left 
ventricle and is dependent on the ventricular diame- 
ters as measured on the angiocardiogram. The math- 
ematics involved are considered to be valid, with an 
acceptable degree of error. However, because the an- 
giographic procedure alters cardiac hemodynamics 
and function, it introduces additional variables that 
can make the final result considerably less accurate 
than desired. 


From the Department of Radiology, the Mount Sinai School of 
Medicine, City University of New York, 1 East 100th St. New 
York, N.Y. 10029. 


Injection of contrast material into the heart causes 
an increase in the left ventricular end-diastolic pres- 
sure and volume, peripheral hypotension, an increase 
in blood volume and a decrease in hematocrit.1-? 
Several studies have shown these changes to be pres- 
ent at the end of the angiocardiographic study and 
to increase to a maximum within the next 2 to 4 
minutes. The values gradually return to normal lev- 
els over a 15 to 20 minute period. Since the ejection 
fraction is calculated from measurements obtained 
from the earliest phase of the angiocardiogram, when 
the left ventricle is optimally opacified, these late 
changes are of no concern. It is important to deter- 
mine exactly at which point in the study the alter- 
ations in ventricular function begin to occur. 

Hammermeister and Warbasse, in their study in 
the March issue of this Journal,? could find no sig- 
nificant variation in ventricular volumes during the 
first 3 or 4 cardiac cycles after the start of injection 
of contrast material into the left ventricle. A similar 
study in this Journal by Carleton*+ showed some 
change occurring by the third heartbeat and a signif- 
icant change in the ventricular volume by the fifth 
beat. These studies suggest that the data obtained 
from the first few cardiac cycles are essentially the 
same as those observed in the preangiographic 
phase. However, because the ventricle cannot be 
measured unless it is opacified, it must be assumed 
that no change occurs between the first heartbeat re- 
corded on the angiocardiogram and the beats that 
immediately precede it. 

These studies, however, are based on selected 
cases and are not completely applicable to the data 
collected in the day to day practice of a cardiac cathe- 
terization laboratory. Ventricular diameters are 
measured when the chamber is well opacified and 
when the heart is in sinus rhythm. Extrasystolic con- 
tractions and the compensatory beat that follows 
must be excluded from the calculations. In one of the 
studies,? satisfactory data were obtained from the 
angiocardiogram in 14 of 21 patients, while in the 
other,* only 7 of 100 consecutive left ventriculograms 
were considered suitable for measurement. A run of 
extrasystoles is very common during the pressure in- 
jection of contrast material into the left ventricle. 
Often, 4 or more ectopic beats precede the first nor- 
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mal ventricular contraction. Because of the delay 
caused by the arrhythmia, measurements must be 
made when induced alterations in cardiac function 
‘ are becoming manifest. 

An additional complicating factor is that the an- 
giocardiogram usually does not represent the first in- 
jection of contrast material, but follows one or more 
test injections made during manipulation of the 
catheter. Whether the small amounts of contrast 
material used for test injections have a significant 
cumulative effect on cardiac hemodynamics is not 
certain. 

The pressure® and speed? of the injection may 
have some influence on the magnitude of hemody- 
namic changes. Presumably, this is in part a me- 
chanical effect related to the force of the fluid jets 
from the catheter.5 Standardization of catheters, 
contrast media and pressures will not completely ex- 
clude this variable because it is also affected by the 
size of the ventricular cavity and the proximity of 
the catheter to the ventricular wall. 

A more serious drawback to the ejection fraction 
as determined from the angiocardiogram is that the 
error in the method is not constant from patient to 
patient. Cardiac response to hypertonic contrast ma- 
terial can vary both in magnitude and direction with 
the severity of the myocardial disease. When there is 
stenosis of the coronary arteries, instead of the nor- 
mally expected increase in ventricular stroke work, 
there may be no response to angiocardiography in 
some patients, whereas a definite decrease in cardiac 
function may occur in others.® It is exactly in this 
group of patients with moderate to severe coronary 
artery disease that the most accurate ejection frac- 
tion is needed if it is to be of practical value. 

To limit possible inaccuracies in the angiocardi- 
ographic ejection fraction, the number of test injec- 
tions should be kept to a minimum, and the left ven- 
triculogram should be obtained before the study of 
the coronary arteries. The latter almost always pro- 
duces a transient decrease in myocardial contractil- 
ity.1:’ This is a logical sequence of study, because if 
the left ventricle is hopelessly compromised there is 


little rationale or justification for submitting the pa- 
tient to the added risks of coronary arteriography. 

The problem of extrasystoles can be obviated by 
introducing the contrast material into the pulmonary 
artery rather than directly into the left ventricle. 
Unfortunately, although this solves one problem, it 
exaggerates another. The alterations in left ventricu- 
lar end-diastolic pressure and volume are similar if 
the contrast material is injected into the right side of 
the heart or the left. Since it takes several cardiac 
cycles for contrast material injected in the pulmo- 
nary artery to transverse the pulmonary circulation, 
by the time the left ventricle is sufficiently opacified 
to be measured, variations in cardiac function are al- 
ready occurring. 

As more physiologic contrast media are devel- 
oped,® a decrease in the cardiac reaction to angiocar- 
diography can be expected, with a resultant increase 
in the accuracy of the ejection fraction determina- 
tion. However, the basic invasive nature of the angi- 
ographic procedure is such that some artifacts will 
almost certainly remain. 

Despite these objections, the fact remains that at 
this time angiocardiography is the only practical 
technique for determining the ejection fraction. Al- 
though the results are more likely to be approxima- 
tions than absolute values, they still provide infor- 
mation that is helpful in the selection of patients for 
coronary arterial surgery. In practice, a useful esti- 
mate of left ventricular function can also be made by 
simply observing the ventricle on the cineangiocardi- 
ogram as it contracts and distends. In this manner, 
an experienced observer can usually distinguish be- 
tween the moderately impaired ventricle and the se- 
verely impaired one. Obviously, a borderline group of 
patients will remain in whom a clear-cut decision 
cannot be made. On the other hand, indeterminate 
cases also result from the use of the numerical ejec- 
tion fraction. Unless the calculation of ejection frac- 
tion results in a significantly smaller borderline 
group, it is questionable whether it is worth the ex- 
penditure of money for the equipment and time that 
the procedure requires. 
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REVIEWS IN CARDIOLOGY* 


ANTICOAGULANTS 


A review of anticoagulant rodenticides in current use. 
Bentley EW. Bull WHO 47:275-80, 1972 (35 ref.) 


ANTIHYPERTENSIVE AGENTS 


Recent advances in therapy. Antihypertensive and 
antibacterial agents. Brod J. 
Prog Biochem Pharmacol 7:324-69, 1972 (177 ref.) 


ARRHYTHMIA 


Genesis of cardiac arrhythmias. Cranefield PF, et al. 
Circulation 47:190-204, Jan 73 (48 ref.) 

Relation of electrolyte disturbances to cardiac 
arrhythmias. Fisch C. 
Circulation 47:408-19, Feb 73 (49 ref.) 

Order and disorder in the rhythm of the heart. The 
Fifth Annual George C. Griffith Lecture. James TN. 
Circulation 47:362-86, Feb 73 (94 ref.) 

Hemodynamic sequelae of cardiac arrhythmias. Samet 
P. Circulation 47:399-407, Feb 73 (62 ref.) 

Anti-arrhythmic actions of -adrenergic receptor 
antagonists: review of fundamental aspects. Singh 
BN. NZ Med J 76:333-42, Nov 72 (86 ref.) 


BLOOD VESSELS 


Effects of drugs and physiological factors in the 
disposition of catecholamines in blood vessels. 
Spector S, et al. 

Pharmacol Rey 24:191-202, Jun 72 (33 ref.) 


CORONARY DISEASE 


Enzyme assays in diseases of the heart and skeletal 
muscle. Rosalki SB. 

J Clin Pathol 4:Suppl 4:60-70, 1970 (73 ref.) 
Present state of coronary artery surgery. Meier WE, et 
al. Prog Surg 11:69-108, 1973 (81 ref.) 
Physical activity as prevention and therapy in coronary 
heart disease. Sanne HM, et al. 

Scand J Rehabil Med 3:47-56, 1971 (50 ref.) 


CORONARY VESSELS 


Present state of coronary artery surgery. Meier WE, et 
al. Prog Surg 11:69-108, 1973 (81 ref.) 


ELECTROCARDIOGRAPHY 


Atrioventricular and intraventricular conduction. 
Revised nomenclature and concepts. Hecht HH, et al. 
Am J Cardiol 31:232-44, Feb 73 (68 ref.) 


EXTRACORPOREAL CIRCULATION 


Hematologic complications of open heart surgery. 
Wisch N, et al. Am J Cardiol 31:282-5, Feb 73 (35 ref.) 


HEART 


Action potential and contraction of heart muscle. 
Fozzard HA, et al. 

Am J Cardiol 31:182-92, Feb 73 (47 ref.) 
Cell proliferation during cardiac growth. Zak R. 
Am J Cardiol 31:211-9, Feb 73 (66 ref.) 


HEART BLOCK 


Atrioventricular and intraventricular conduction. 
Revised nomenclature and concepts. Hecht HH, et al. 
Am J Cardiol 31:232-44, Feb 73 (68 ref.) 


HEART CONDUCTION SYSTEM 


Atrioventricular and intraventricular conduction. 


* Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
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Revised nomenclature and concepts. Hecht HH, et al. 
Am J Cardiol 31:232-44, Feb 73 (68 ref.) 
Ventricular fibrillation. Surawicz B. 
Am J Cardiol 28:268-87, Sep 71 (179 ref.) 
Genesis of cardiac arrhythmias. Cranefield PF, et al. 
Circulation 47:190-204, Jan 73 (48 ref.) 
Order and disorder in the rhythm of the heart. The 
Fifth Annual George C. Griffith Lecture. James TN. 
Circulation 47:362-86, Feb 73 (94 ref.) 


HEART DISEASES 


Enzyme assays in diseases of the heart and skeletal 
muscle. Rosalki SB. 
J Clin Pathol 4:Suppl 4:60-70, 1970 (73 ref.) 


HEART ENLARGEMENT 


Protein synthesis and turnover in normal and 
hypertrophied heart. Rabinowitz M. 

Am J Cardiol 31:202-10, Feb 73 (87 ref.) 
Development of cardiomegaly. A unifying hypothesis 
explaining the growth of muscle fibers, blood vessels 
and collagen of heart. Badeer HS. 

Cardiology 57:247-61, 1972 (95 ref.) 


HEART SURGERY 


Hematologic complications of open heart surgery. 
Wisch N, et al. Am J Cardiol 31:282-5, Feb 73 (35 ref.) 


HYPERTENSION 


[Abnormalities of sodium and water metabolism with 
special reference to hypertensive diseases] 
Mizukoshi H, et al. 

Jap J Clin Med 30:2215-22, Nov 72 (52 ref.) 
Medical management of primary hypertension. 2. Page 
LB, et al. N Engl J Med 287:1018-23, 16 Nov 72 (86 ref.) 
Recent advances in therapy. Antihypertensive and 
antibacterial agents. Brod J. 

Prog Biochem Pharmacol 7:324-69, 1972 (177 ref.) 


MYOCARDIAL DEPRESSANTS 


Mechanisms of action of antiarrhythmic drugs. Rosen 
MR, et al. Cire Res 32:1-8, Jan 73 (48 ref.) 


MYOCARDIUM 


Calcium-membrane interactions in the myocardium: 
effects of ouabain, epinephrine and 3’,5’-cyclic 
adenosine monophosphate. Katz AM, et al. 
Am J Cardiol 31:193-201, Feb 73 (60 ref.) 
Protein synthesis and turnover in normal and 
hypertrophied heart. Rabinowitz M. 

Am J Cardiol 31:202-10, Feb 73 (87 ref.) 
Cell proliferation during cardiac growth. Zak R. 
Am J Cardiol 31:211-9, Feb 73 (66 ref.) 


NOREPINEPHRINE 


Modification of norepinephrine synthesis in intact 
tissue dy drugs and during short-term adrenergic 
nerve stimulation. Weiner N, et al. 

Pharmacol Rey 24:203-21, Jun 72 (71 ref.) 


SHOCK 


Blood-borne humoral factors in the pathophysiology of 
circulatory shock. Lefer AM. 

Cire Res 32:129-39, Feb 73 (78 ref.) 

Renal pharmacology of ’shock’ and its congeners. 
Bradley SE, et al. 

Prog Biochem Pharmacol 7:1-58, 1972 (176 ref.) 


SHOCK, HEMORRHAGIC 
Evaluation of acute blood loss by means of simple 
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REVIEWS IN CARDIOLOGY 


hemodynamic parameters. Burri C, et al. 
Prog Surg 11:108-31, 1973 (52 ref.) 


SHOCK, SURGICAL 


Current studies in surgical shock. Irving M. 
Proc R Soc Med 65:1116-8, Dec 72 (22 ref.) 
Evaluation of acute blood loss by means of simple 
hemodynamic parameters. Burri C, et al. 

Prog Surg 11:108-31, 1973 (52 ref.) 


THROMBOEMBOLISM 


Oral contraceptives and thromboembolism. 
Med Lett Drugs Ther 14:61-2, 18 Aug 72 

New aspects of the pathogenesis of thrombo-embolism. 
Nilsson IM, et al. Prog Surg 11:46-68, 1973 (89 ref.) 


THROMBOPHLEBITIS 


The management of deep venous thrombosis. I. 
Diagnosis. Edwards IR, et al. 
Br J Dermatol 87:518-22, Nov 72 (37 ref.) 


BOOK REVIEWS 


Practical Electrocardiography, fifth edition, by Henry J. L. 
Marriott, MD. Baltimore, Williams & Wilkins, 1972, 325 
pages 

Written in graphic, lively and witty American English, 
this old standby has always been a model of clarity, sim- 
plicity and forthrightness. Who but Marriott could talk 
about “gently” rounded P waves, or “skulking” P waves 
disclosed in lead Vj, or a “quickening” rate, or an impulse 
reaching the right ventricle “punctually’”? Or coin such 
pungent epigrams as: “Biological variations are too often 
lost sight of in attempting to regiment natural values.” 
“Vector is a charged word. It strikes panic into some while 
it fills others with pomp and pride.” “The most important 
question is ‘has an infarction occurred?’, not ‘where is 
it?’ ?) 

In addition to its stock of well turned aphorisms, this 
edition is well interlaced with helpful teaching devices 
such as block summaries presenting “salient features,” 
and the insertion at the end of chapters of a series of “un- 
known” electrocardiograms, a technique approximating 
that used in the newer “programmed” texts. The book 
hardly needs additional praise as an outstanding primer 
for medical students or for nurses working in coronary 
care units. But what of the more experienced physician or 
cardiographer who wants to be brought abreast of the 
times and must not only learn the new but also unlearn 
some of the old? 

As a result of the important studies initiated by Grant 
and expanded by Rosenbaum, current emphasis is upon 
conduction disturbances rather than upon the position of 
the heart in the chest, in explanation of shifts in the elec- 
trical axis. In patients with right bundle branch block and 
left axis deviation, for example, atrioventricular conduc- 
tion is now commonly regarded as hanging in the balance 
by 1 fiber or a set of fibers. Surely not all of these require 
the passage into the right ventricle of a functioning or 
standby pacing wire against the contingency of complete 
heart block! And what of the patient who has left ventric- 
ular hypertrophy and left axis deviation? Does the fact of 
this axis shift necessarily indicate a conduction defect as 
well? Is there no remnant of truth to the proposition that 
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Prevention and management of venous thrombosis and 
pulmonary embolism. Mandel SR, et al. 
NC Med J 34:114-9, Feb 73 (43 ref.) 


VARICOSE VEINS 


Operative treatment of varicose veins. Waibel P. 
Prog Surg 11:1-36, 1973 (99 ref.) 


VASCULAR DISEASES 


Some diseases characteristic of modern Western 
civilization. Burkitt DP. 
Br Med J 1:274-8, 3 Feb 73 (78 ref.) 


VENTRICULAR FIBRILLATION 


Ventricular fibrillation. Surawicz B. 
Am J Cardiol 28:268-87, Sep 71 (179 ref.) 


the “lie” of the heart influences the electrical axis? Since 
these issues are not faced, physicians of the generation 
more directly influenced by the thinking of Einthoven and 
Wilson might not be entirely satisfied with this work. 

It is suggested that in a future edition the author ad- 
dress himself to a clinical clarification of the hemiblocks. 
His long concern in discouraging “‘electrocardiographogen- 
ic disease” qualifies him for, and the very title of the book 
amply justifies, such occasional excursions from the pure- 
ly electrocardiographic to the clinical. 

Marriott’s views may be challenged at a few points. For 
example, he criticizes as unsound the teaching that tachy- 
cardia with a wide bizarre QRS complex should be as- 
sumed to be ventricular “until proved otherwise.” How- 
ever, even after the tracings have been subjected to the 
most careful scrutiny, there are still many cases in which 
one cannot be certain whether the tachycardia is ventricu- 
lar in origin or supraventricular in origin but associated 
with aberrant ventricular conduction. Although the ques- 
tion must be left unresolved, one tack or another must be 
taken. Under those circumstances, the view seems justi- 
fied (with Ockham) that the simpler explanation of ven- 
tricular tachycardia, which rests upon the unitary as- 
sumption of origin in the ventricle, is more logical and 
therefore preferable to that of supraventricular tachycar- 
dia, which rests upon a double assum ption—namely, origin 
in the atrium and aberrant ventricular conduction. 

Like most texts of electrocardiography, this volume per- 
petuates the myth that having the patient take a deep 
breath can cause an innocuous Q3 wave to disappear or 
materially decrease, whereas the Q3 wave of infarction is 
relatively unaffected by this simple maneuver, thus help- 
ing distinguish between important and unimportant Q 
waves. But such differences in experience or opinion, in- 
evitable in a subject of this scope, are trivial and unim- 
portant alongside the overall excellence and charm of this 
book. It is a delight to read and is recommended en- 
thusiastically. 


Harold D. Levine, MD, FACC 
Boston, Massachusetts 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


Calendar of Continuing Medical Education Programs 


The National Committee for Con- 
tinuing Medical Education, William 
Likoff, MD, FACC, Chairman, announces 
the following calendar of programs. 

Each program is designed to en- 
large knowledge and clarify the end- 
lessly changing frontiers which mark 
scientific achievements in the recog- 
nition and treatment of cardiovascular 
disease. Although the disciplined ob- 
jective of each program as well as its 
content, format and faculty are pri- 


marily determined by the Program Di- 
rector, the National Committee for 
Continuing Medical Education always 
exercises the prerogative of final re- 
view and approval, whether the pro- 
gram is’ sponsored solely by the College 
or in collaboration with universities, 
colleges, hospitals and other profes- 
sional societies. 

Subject matter reflects national in- 
terest and needs in the fields of patient 
care, research and teaching. The pro- 


COLLEGE NEWS 


gram structures vary as to methods of 
education. 

The National Committee for Con- 
tinuing Medical Education of the Col- 
lege earnestly solicits the interest of 
member and nonmember physicians 
alike in continuing education for the 
clear reason that participation provides 
a unique opportunity to deepen one’s 
understanding of heart disease, the 
most formidable and challenging health 
problem of our time. 


— 


Programs and faculty are subject to change. For further information write Mary Anne Mclinerny, Director, Department of Continuing 
Education Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


Atherosclerotic Heart Disease— 
1973. Robert L. Van Citters, 
FACC, and Harold T. Dodge, 
FACC, co-directors. Anchorage 
Westward Hotel, Anchorage, 
Alaska 


JUNE 
21-22 


JUNE Management of Hyperten- 

27 sion and Cardiac Arrhyth- 
mias. Section on Cardiovas- 
cular Disease. Annual Meet- 
ing, American Medical Asso- 
ciation. George E. Burch, 
FACC, section chairman. The 
Coliseum, New York, N. Y. 


SEPT. 
10-12 


Mechanisms and Therapy of 
Cardiac Arrhythmias. Leon- 
ard S. Dreifus, FACC, direc- 
tor and Joseph W. Lin- 
hart, FACC and Yoshio 
Watanabe, FACC, codirec- 
tors. | Downingtown Inn, 
Downingtown, Pa. 


SEPT. 
10-12 


A ‘Symposium on Cardio- 
vascular Nursing. Fred D. 
Ownby, FACC, director. Uni- 
versity of Tennessee at Nash- 
ville, Tenn. 


SEPT. 
20-22 


Auscultation and Bedside 
Examination of the Heart. 
Morton E. Tavel, FACC, di- 
rector. Methodist Hospital 
Graduate Medical Center, 
Indianapolis, Ind. 


OCT. Changing Concepts and 
1-3 Methods in the Practice of 
Cardiology.. Borys Şura- 
wicz, FACC and Charles 


Fisch, FACC, co-directors. 
University of Kentucky Col- 
lege of Medicine, Lexing- 
ton, Ky. 
OCT. Vectorcardiography (Ad- 
3-5 vanced). Alberto Benchi- 


mol, FACC, director. Moun- 
tain Shadows Hotel, Scotts- 
dale, Ariz. 


OCT. Newer Approaches to the 

11-13 Evaluation and Treatment of 
Hypertension. Laurence A. 
Grossman, FACC, director 
and Grant W. Liddle, 
Gottlieb Friesinger and 
John A. Oates, co-direc- 
tors. Vanderbilt University 
School of Medicine, Nash- 
ville. 


OCT. New Techniques and Con- 

12-13 cepts in Cardiology 1) Phar- 
macologic Treatment of 
Acute Myocardial Infarction 
II) Clinical Uses of Echo- 
cardiography. Stephen E. 
Epstein, director. Sheraton 
Park Hotel, Washington, 
D.C. 


OCT. Electrocardiographic and 
16-18 Therapeutic Problems in 
Acute Myocardial Infarction. 
William J. Grace, FACC, di- 
rector. St. Vincent's Hospital 


and Medical Center of New 
York, New York, N. Y. 


OCT. Heart Disease: Practical 

18-20 Diagnosis and Management. 
John Ross, Jr., FACC direc- 
tor. Town and Country Hotel, 
San Diego, Calif. 


OCT. 31- Cardiac Pacing. Doris J. W. 
NOV. 2 Escher, FACC and Seymour 
Furman, FACC, directors. 
New York Hilton, New York, 
N.Y. 
NOV. Cardiology 1973. T. K. Lin, 
2-4 FACC, director. Princess 
Kaiulani Hotel, Honolulu. 
NOV. Cardiology for the Con- 
5-14 sultant: A Clinician’s Retreat. 
E. Grey Dimond, FACC, di- 
rector. Rancho Santa Fe 
Inn, Rancho Santa Fe, Calif. 
NOV. Clinico-Pathologic Correla- 
27-29 tions in Cardiovascular 
Disease. William C. Roberts, 
FACC, director. Confer- 
ence Center, Williams- 
burg, Va. 
DEC. Advances in Heart Disease 
6-8 1974. Dean T. Mason, FACC, 
director. San Francisco Hil- 
ton, San Francisco, Calif. 
DEC. Colloquia in Cardiology: 
12 Number 6—Acute Myo- 
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DEC. 
13-16 


JAN. 
13-15 


JAN. 
10-12 


JAN. 


JAN. 


11-14 


i 


808 


cardial Infarction Revisited: 
Current Concepts. Robert 
W. Oblath, FACC, director. 
Ambassador Hotel, Los 
Angeles, Calif. 


The William Likoff Sympo- 
sium: Recent Advances in 
Cardiovascular Disease. 
Henry |. Russek, FACC, di- 
rector. New York Hilton, 
New York, N. Y. 


1974 


The Cardiac Care Unit in 
1974—Integrated Medical- 
Surgical Care in Acute Coro- 
nary Artery Disease. John H. 
K. Vogel, FACC, director. 
Opticon Theater, Snowmass 
at Aspen, Aspen, Colo. 


Non-Invasive Techniques: 
Their Use in Cardiac Diag- 
nosis and Evaluation of Ven- 
tricular Function. Ernest 
Craige, FACC, director. Uni- 
versity of North Carolina 
School of Medicine, Chapel 
Hill, N. C. 


Core Curriculum: Cardio- 
vascular Physiology: Clinical 
Implications of Newer Con- 
cepts and Measurements. 
William W. Parmley, FACC, 
director. Palm Springs, 
Calif. 


Core Curriculum: Echocardi- 
ography. Arthur D. Hagan, 
director. U. S. Naval Hospi- 
tal, San Diego, Calif. 


Twenty-third Annual Scien- 
tific Session. H. J. C. Swan, 
FACC, president. Americana 


FEB. 
15-18 


MAR. 
18-20 


MAR. 
18-22 


MAR. 
25-27 


MAR. 
27-29 


APR. 
1-10 


APR. 
3-5 


Hotel and New York Hilton, 
New York, N. Y. 


1974 Reconvened Annual 
Scientific Session. Carlos E. 
Bertran, FACC, director. 
Americana of San Juan, San 
Juan, P. R. 


Pathology of the Heart. Mau- 
rice Lev, FACC, director. 
Palmer House, Chicago, III. 


Consultant’s Course in 
Cardiology. Simon Dack, 
FACC, director. Mt. Sinai 
Medical Center, New York, 
NN. 


Electrocardiographic Inter- 
pretation of Arrhythmias: 
A Physiological Approach. 
Charles Fisch, FACC, direc- 
tor. Indiana University Med- 
ical Center, Indianapolis, 
Ind. 


Hypertension— When and 
How To. Robert S. Eliot, 
FACC, director. Gerald L. 
Wolf and Frank Land, co- 
directors. University of Ne- 
braska Center for Con- 
tinuing Education, Omaha, 
Nebr. 


Cardiology for the Con- 


sultant: A Clinician’s Re- 
treat. E. Grey Dimond, 
FACC, director. Rancho 


Santa Fe Inn, Rancho Santa 
Fe, Calif. 


Core Curriculum: Electro- 
cardiography and Vector- 
cardiography. Alberto Bench- 
imol, FACC, director. Moun- 


Additions to List of College Governors 


APR. 
4-6 


APR. 
22-25 


MAY 
7-10 


MAY 
9-11 


MAY 
17-19 


MAY 
23-25 


JUNE 
6-8 


tain Shadows Hotel. Scotts- 
dale, Ariz. 


Advances in Clinical Car- 
diology. Lawrence S. Cohen, 
FACC, director. Yale Uni- 
versity School of Medicine, 
New Haven, Conn. 


Current Concepts in Cardi- 
ology—1974. Philip R. Akre, 
director. Grand Hotel, Las 
Vegas, Nev. 


Title to be determined. J. 
Willis Hurst, FACC, director. 
Royal Coach Motor Hotel, 
Atlanta, Ga. 


The Ventricular Ectopic Beat: 
Heart-throb or Harbinger of 
Death. Bernard Tabatznik, 
director. Urban Life Center, 
Columbia, Md. 


Rational Drug Therapy in 
Cardiovascular Disease. 
Robert J. Lee, Ph.D., direc- 
tor. Squibb Institute, Prince- 
ton, N. J. 


Cardiologist’s Appraisal of 
Cardiac Surgery. Arthur 
Selzer, FACC, director. Jack 
Tar Hotel, San Francisco, 
Calif. 


Core Curriculum: Echocar- 
diography. Arthur D. Hagan, 
director. U.S. Naval Hos- 
pital, San Diego, Calif. 


The new College Governor for South Carolina is Charles P. Summerall, MD, FACC, Charleston, 


whose term will expire in 1976. The new Governor for the District of Columbia is Herbert L. Tanen- 
baum, MD, FACC. His term will expire in 1976. 


The following have been named Officers for the Board of Governors for 1973-74: 


Chairman: Robert J. Hall, MD, FACC, Houston, Texas 
Vice Chairman: Edward Orgain, MD, FACC, Chapel Hill, N. C. 
Secretary: Seymoure Krause, MD, FACC, Pittsburgh, Pa. 
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Nitroprusside and systolic unloading, 151 
Noninvasive determination of cardiac output, 162 


Ouabain 

and low amplitude potentials in induction of arrhyth- 
mias, 155 

induced arrhythmia and 6-hydroxydopamine, 140 

inhibition of adenosine triphosphatase, and myocardial 
sarcolemma, 160 

low concentrations, and cation exchange in cultured 
cells, 145 


Pacing, cardiac 
for bradycardia-tachycardia syndrome, 127 
for sinoatrial arrhythmias, 125 
orthorhythmic, for arrhythmias, 165 
permanent transvenous atrioventricular sequential de- 
mand (bifocal), in atrial bradycardias and “sick 
sinus syndrome”, 131 
Papillary muscle, isometric kitten, and frequency of con- 
traction and preload, 156 
Pediatric cardiology 
(see Infants) 
Phenylephrine 
and atypical chest pain in patients with prolapsing mi- 
tral valve leaflets, 139 
and sinus nodal function, 164 
Phosphocreatine production coupled to cardiac mito- 
chondrial electron transport, 139 
Potassium 
and digitalis in Purkinje block, 116 
myocardial scan to evaluate myocardial revasculariza- 
tion, 120 
radioactive, scans to detect myocardial infarcts, 136 
Potentials, low amplitude, in induction of cardiac arrhyth- 
mias, 155 
P-R segment, surface recording technique for detecting 
electrical activity during, 120 
Preload and isometric kitten papillary muscle, 156 
Premature beats 
and ventricular echo beats in atrioventricular dissocia- 
tion, 152 
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Premature beats 
with narrow QRS and bundle branch block, 147 
Propranolol 
and infarct size, 157 
and left ventricular dyskinesis, 145 
and myocardial metabolism in acute myocardial infarc- 
tion, 149 
and response to isoproterenol, 155 
dimethyl quaternary, antifibrillatory effect of, 142 
in myocardial ischemia, 119 
Pulmonary artery 
hypertension after repair of tetralogy of Fallot, 141 
right, anastamosis of 
to ascending aorta, 154 
to superior vena cava, 165 
Pulmonary valve, critical stenosis of, in neonate, 132 
Pulmonary vascular resistance, increased, and surgical 
closure of ventricular septal defect, 132 
Pulse generator, high frequency, for paroxysmal supra- 
ventricular tachycardia, 159 
Purkinje fibers 
hypoxia and automaticity in, 156 
sheep, and electrophysiologic effects of dopamine, 117 


Quinidine and sinus node reentry, 152 
QRS complex, narrow, and bundle branch block, 147 


Reentry 
concealed, in atrioventricular junction, 144 
in canine bundle of His, 117 
intraventricular, mechanism for atrial echo beats, 162 
sinus node, and quinidine, 152 
Refractoriness of left posterior division in right bundle 
branch block, 135 
Refractory periods, effects of cycle length on, 128 
Rejection, late, in cardiac transplantation, 136 
Revascularization, myocardial 
(see also Surgery, aortocoronary saphenous vein by- 
pass) 
and regional contraction abnormalities, 118 
evaluation by potassium-43 myocardial scan, 120 
Rhythm, cardiac 
and sympathetic nerve branch stimulation, 142 
reciprocating, and reentry in canine bundle of His, 117 
R/T pulsing, sequential, and ventricular fibrillation after 
coronary artery occlusion, 117 


Septum, interventricular, motion in left anterior descend- 
ing coronary artery disease, 123 
Shock, cardiogenic, dopamine in, 139 
“Sick sinus syndrome” 
digitalis in, 129 
permanent transvenous atrioventricular sequential de- 
mand pacing for, 131 
Sinoatrial arrhythmias, pacemaker therapy for, 125 
Sinus node 
function of, and methoxamine and phenylephrine, 164 
reentry, and quinidine, 152 


SUBJECT INDEX: ABSTRACTS 


Sodium, potassium adenosine triphosphatase activity in 
normo- and hyperkalemia, 135 
Spondylitis, ankylosing, distinctive cardiovascular lesion 


of, 124 
S-T segment 
in myocardial ischemia, 119 
mapping, serial precordial, and myocardial infarction, 
154 
Stenosis 
discrete subaortic, echocardiogram in, 127 
pulmonary, and diminutive right ventricle in neonates, 
132 | 
Steroid therapy in systemic lupus erythematosus, 124 
Surgery 
aortocoronary saphenous vein bypass 
acute hemodynamic and clinical effects of, 158 
after previous myocardial infarction, 128 
and left ventricular function, 122 
during ischemia, and transmural blood flow, 153 
emergency, 125 
for angina pectoris, new Q waves after, 130 
for crescendo angina, myocardial infarction after, 
162 


grafts 
changes in, 122 
measurement of blood flow velocity in, 120 
long-term follow-up, 125 
mechanisms of improvement after, 137 
myocardial infarction 
after, 132 
during, 164 
myocardial injury after, 130, 140 
selection of patients for, 144 
vectorcardiogram after, 116, 132 
vs. exercise in coronary artery disease, 157 
for idiopathic hypertrophic subaortic stenosis, long- 
term results of, 161 
for late onset postoperative complete heart block, 149 
for mitral valve incompetence after myocardial infarc- 
tion, 135 
for preinfarction angina pectoris, 160 
for tetralogy of Fallot 
in infancy, 122 
hemodynamic abnormalities after, 154 
pulmonary artery hypertension after, 141 
for ventricular arrhythmias, 136 
for ventricular septal defect 
closure of, 132 
total correction of, long-term prognosis for infants 
with, 143 
metabolic, in the hyperlipoproteinemias, 148 
mitral valve replacement, Starr-Edwards, and throm- 
boembolism, 146 
open heart, pacing of specialized conduction system 
during, 143 
transplantation 
immunosuppression in, 165 
late acute rejection in, 136 
Sympathetic nerve stimulation and cardiac rhythm, 142 
Systolic unloading with nitroprusside, 151 
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Tachycardia 
bidirectional, ventricular origin of, 140 
paroxysmal supraventricular, treated by high frequency 
pulse generator, 159 
Tardokinesis in coronary artery disease, 164 
Tetralogy of Fallot 
echocardiogram in, 126 
in infancy, 122 
repair of 
hemodynamic abnormalities after, 154 
pulmonary artery hypertension after, 141 
Thromboembolism and Starr-Edwards mitral valve re- 
placement, 146 
Total anomalous pulmonary venous return with obstruc- 
tion at atrial septum, 121 
Transposition of great arteries 
diagnosis of in infants by dye curves, 134 
echocardiogram in, 128 
in infants, 158 
left pulmonary blood flow in, 150 
management of, 151 
Mustard’s operation for, 129 
electrophysiologic abnormalities after, 134 
ventricular function in, 152 
T wave in coronary artery disease, 161 


Ultrasound and femoral artery catheterization, 118 
UM-272, antifibrillatory effect of, 142 


Valve 
(see also specific valve) 
replacement with caged-ball prostheses, and calcifica- 
tion of mitral annulus, 123 
vegetations, echocardiogram and, 128 
Vascular rings in 41 consecutive cases, 133 
Vectorcardiogram after saphenous vein bypass graft, 
116, 132 
Vena cava, superior, anastomosis to right pulmonary ar- 
tery, 165 
Venoconstrictor properties of isoproterenol, 141 
Ventricle 
arrhythmias, surgery for, 136 
contraction abnormality in coronary artery disease, 164 
echo beats in atrioventricular dissociation, 152 
fibrillation | 
and sequential R/T pulsing, 117 
geometric study of protective zone for, 163 
threshold measurements, effect of current pulses 
on, 148 


Ventricle 
left 
and bidirectional tachycardia, 140 
and intraventricular conduction disturbance, 137 
aneurysm without coronary obstruction or occlusion, 
130 
compliance 
after myocardial infarction, 158 
and dyssynergy, 147 
dyskinesis, propranolol and handgrip exercise in, 
145 
endocardial activation sequence, 143 
filling pressure and right ventricular contractility in 
myocardial infarction, 163 | 
function 
after myocardial infarction, 130 
and bypass surgery, 122 
in complete transposition of great arteries, 152 
in coronary artery disease, and angiographic con- 
trast medium, 126 
noninvasive techniques for assessing, 145 
volume, calculation by echography, 152 
wall motion abnormalities, and noninvasive tech- 
niques, 145 
muscle during premature ventricular stimulation, 115 
preload and afterload after myocardial infarction, de- 
termined by quantitative echocardiography, 153 
premature excitation, microelectrode study of, 118 
right 
diminutive, and pulmonary stenosis in neonate, 132 
function, in complete transposition of great arteries, 
152 l 
volume 
angiograms in estimating, 134 
determination in infants and children, 131 
or pressure overload, 136 
septal defect 
closure through aortic valve, 133 
surgical closure of, 132 
long-term prognosis for infants with total correction 
of, 143 
subvalvular morphology, and mitral regurgitant flow, 
122 
vulnerability in atherosclerotic swine, 138 
Video scanner-analog computer system for analysis of 
echocardiograms, 137 
Volume overload and right ventricular volume, 136 


Wolff-Parkinson-White syndrome, ventriculoatrial conduc- 
tion in, 164 
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Abstracts from 22nd annual scientific session, American 
College of Cardiology, 115, 404, 527 
index to, 809 
Action potential and contraction of heart muscle, 182 
Adenosine monophosphate, 3',5'-cyclic, and calcium- 
membrane interactions in myocardium, 193 
Adenosine triphosphatase and diphenylhydantoin, 320 
Adrenergic agents, alpha and beta stimulating, in cardi- 
ogenic shock, 724 
Adrenergic blockade, alpha, for hypoxic pulmonary hy- 
pertension, 718 
A-H interval and short P-R interval, 245 
Aldosterone excretion in essential hypertension, 606 
American College of Cardiology 
abstracts from 22nd annual scientific session, 115, 
404, 527 
index to, 809 
board of governors, 1973-74, 412 
calendar of continuing education programs, 168, 293, 
411, 535, 676, 807 
committee appointments, 1973-74, 683 
new members elected, 169, 536 
president’s page, 410, 675 
22nd annual scientific session, highlights of, 678 
Anaerobiosis, myocardial, in graded myocardial isch- 
emia, 467 
Aneurysm 
left ventricular 
after myocardial infarction, 384 
surgery for, 708 
of sinus of Valsalva with osteogenesis imperfecta, 654 
traumatic, of left anterior descending coronary artery, 
384 
ventricular, and recurrent ventricular tachycardia, 529 
(LE) 
Angina pectoris 
“airport,” and load carrying, 344 
and coronary arteriograms before valve replacement, 
462 
and coronary artery “steal” syndrome, 384 
and hyperlipoproteinemia, 547, 557 
and psychic stress, 108 (E) 
and supravalvular aortic stenosis, 635 
in hypertrophic subaortic stenosis, propranolol therapy 
for, 763 
Angiocardiogram 
and ejection fraction in coronary artery disease, 802 
(E) 
and exercise-induced ventricular arrhythmias in coro- 
nary artery disease, 434 
and regional disorders of ventricular wall motion, 484 
and resolution of obstructive coronary lesion after 
transmural myocardial infarction, 785 


Angiocardiogram 
in incomplete differentiation of cardiac valves, 642 
in supravalvular aortic stenosis, 635 
in true single coronary artery, 662 
left ventricular 
in fixed congenital and idiopathic hypertrophic 
subaortic stenosis, 523 
vs. aortogram in aortic valve regurgitation, 696 
vs. echocardiogram to assess left ventricular dimen- 
sions and function, 755 
Angiocardiography 
and roentgen videodensitometric determination of left 
to right shunt, 627 
and surgery for congenital tricuspid stenosis, 89 
aortocoronary saphenous vein bypass graft, 23 
immediate hemodynamic effects of, 307 
video, and aortic regurgitation, 265 
Angiotensin vs. isometric exercise as stress test, 428 
Annuloplasty, measured asymmetric, for mitral regurgita- 
tion, 494 
Antihypertensive agents 
(see also specific agent) 
and minoxidil in severe hypertension with renal failure, 
355 


Aorta 
ascending, atherosclerotic plaquing in, 557 
coarctation of, posttraumatic, 391 
fatty flecks in, and atherosclerosis, 542 
Aortic root blood velocity, and angiography, 307 
Aortic stenosis 
(see also Aortic valve, stenosis) 
supravalvular, in adults, 635 


Aortic valve 
abnormal, in chick embryo, 51 
and muscular subaortic stenosis, 101 
disease, clinical factors in estimating severity of, 687 
quadricuspid, 623 
regurgitation 
quantitative evaluation of cineaortography in assess- 
ment of, 696 
videodensitometry and, 265 
with osteogenesis imperfecta, 654 


stenosis 
and supravalvular aortic stenosis in adults, 635 
in homozygote with type I! hyperlipoproteinemia, 
557 


of quadricuspid valve, 623 
right ventricular failure in, 381 
Aortic-ventricular peak gradient and severity of aortic 
valve disease, 687 


Aortogram 
in aortic valve regurgitation, 696 
in posttraumatic coarctation of aorta, 391 
Apex, displacement of, and regional left ventricular con- 
traction patterns, 484 
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Apex cardiogram in nonstenotic mitral valve, 64 
Arrhythmia 
(see also specific type) 
after closure of atrial septal defect in children, 14 
and atrial complex in acute atrial myocardial infarction, 
450 
and Starr-Edwards mitral ball valve prosthesis, 105 
detection by automated system in coronary care unit, 
457 
indication for surgery for left ventricular aneurysm or 
segmental dyskinesia, 708 
paroxysmal atrial, and sinus nodal echoes, 220 
refractory, and hypomagnesemia, 98 
ventricular 
exercise-induced, in coronary artery disease, 434 
stress test-induced, and physical conditioning, 441 
Arteriogram 
coronary 
and valve replacement, 462 
normal, after transmural myocardial infarction, 785 
in coronary arterial-left ventricular fistula, 384 
in transmural myocardial infarction, 595 
Arteriosclerosis 
(see also Symposium on prevention of atherosclerosis 
at the pediatric level) 
development of, 542 
Arteriovenous oxygen difference in myocardial infarction, 
295 


Artery 
(see also specific artery) 
sinus nodal, and ischemia of sinus node, 331 
Atherosclerosis 
and medical and pediatric cardiology, 670 (E) 
development of, 542 
in true “single coronary artery,” 662 
prevention of (see Symposium on prevention of athero- 
sclerosis at the pediatric level) 
Atrial drive and sinus nodal function, 41 
Atrial fibrillation 
and closure of prosthetic mitral valve, 616 
and repair of atrial septal defects in adults, 7 
Atrial flutter, rapid atrial pacing in conversion of, 287 
(LE) 
Atrioventricular bundle (His), nomenclature of, 232 
Atrioventricular dissociation, nomenclature of, 232 
Atrioventricular junction, parasystole, simulating atrioven- 
tricular block, 397 
Atrioventricular nodal region, nomenclature of, 232 
Atrioventricular node, conduction, and beta receptors, 35 
Atrium 
contraction of, and closure of prosthetic mitral valve, 
616 
left 
endocardial lipid deposits in, 557 
impulse formation in, and electrocardiogram, 798 
(E) 
myxoma, and transseptal cardiac catheterization, 
289 (LE) 
supravalvular stenosing ring, 84 
paralysis of, in facioscapulohumeral muscular dystro- 
phy, 649 
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Atrium 
right, infarction, and abnormal atrial complex, 450 
septal defect 
and cardiac contractility, 415 
and opening snap from nonstenotic mitral valve, 64 
and partial anomalous pulmonary venous connection 
and drainage, 512 
in adults, surgery for, 7 
later results of closure of, in children, 14 
Atropine 
and infarct size after coronary occlusion, 474 
and ischemia of sinus node, 331 
Attitudes and risk factors in chronic disease, 571 
Auscultation in pulmonary arterial stenosis, 372 
Automaticity and sinus nodal echoes, 220 
Axis deviation, left, and paralysis of atrium in facioscapu- 
lohumeral muscular dystrophy, 649 


Bacterial endocarditis 
Anton Weichselbaum on, 774 (HM) 
Joseph Hamburg on, 509 (HM) 
Behavior patterns and risk factors in chronic disease, 
571 


Bernheim's syndrome in aortic stenosis, 381 
Beta adrenergic blockade in hypertrophic subaortic ste- 
nosis, 763 


Beta receptors and atrioventricular nodal conduction 
time, 35 


Blood 
arterial, and ischemia of sinus node, 331 
cells after open heart surgery, 282 (E) 
flow 
and opening snap from nonstenotic mitral valve, 64 
aortic, and videodensitometry, 265 
in chick embryo, 51 
in left to right shunt, 627 
myocardial, and oxygen consumption, 300 
pulmonary, in complete transposition of great arte- 
ries, 742 
velocity, aortic root, and angiography, 307 
plasma volume 
in borderline hypertension, 315 
in essential and steroid hypertension, 606 
pressure 
(see also Hypertension) 
and load carrying, 344 
aortic, and videodensitometry, 265 
arterial, after isometric exercise and angiotensin 
infusion, 428 : 
atrial, and sinus nodal function, 41 
in intrapulmonary veno-occlusive disease, 78 
in posttraumatic coarctation of aorta, 391 
left ventricular 
and cardiac contractility, 415 
and vectorcardiogram in transposition of great ar- 


teries, 736 
end-diastolic, and long-term propranolol therapy, 
763 
and size of noncontractile area of left ventricle, 
701 


risk factor in atherosclerosis, 542, 547 
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Blood 
pulmonary venous, in complete transposition of great 
arteries, 742 
“systemic mixed venous, in complete transposition of 
great arteries, 742 
umbilical cord 
cholesterol level in infants, 581 
screening for lipids in, 547, 591 
Book Reviews 
Acute Coronary Care (Whipple GN, Peterson MA, 
Haines VM, Learner E, McKinnon), 114 
Advances in Cardiology, Volume 7: Long-Term Progno- 
sis Following Valve Replacement (Vogel 
JHK, ed), 532 
Basic and Clinical Pharmacology of Digitalis. Proceed- 
ings of a Symposium (Marks BH, Weissler 
AM, ed), 532 
Biological Tissue in Heart Valve Replacement (lonesco 
MI, Ross DM, Wooler GH, ed), 290 
Cardiovascular Physiology (Berne RM, Levy MN), 114 
Introduction to Electrocardiography (Blake TM), 408 
The Pathogenesis of Atherosclerosis (Wissler RW, 
Geer JC), 290 
Pediatric Cardiology (Nadas AS, Fyler DC), 291 
Practical Electrocardiography, fifth edition (Marriott 
HJL), 806- 
Progress in Cardiology (Yu PN, Goodwin JF, ed), 408 
Textbook of Electrocardiography (Littmann D), 290 
Bradycardia 
and intermittent trifascicular block, 71 
and ischemia of sinus node, 331 
and paralysis of atrium in facioscapulohumeral muscu- 
lar dystrophy, 649 
Bundle branch 
and beta receptor stimulation, 35 
block 
intermittent trifascicular, mechanisms of, 71 
left, and supernormal conduction, 362 
lidocaine for, 277 
left 
block, and supernormal conduction, 362 
Wedensky phenomena in, 288 (LE) 
nomenclature of, 232 
Bundle of His, nomenclature of, 232 
Bypass graft 
(see Surgery, aortocoronary bypass) 


Calcium 
and cardiac contraction, 182 
and refractory cardiac arrhythmia, 98 
and severity of aortic valve disease, 687 
membrane interactions in myocardium, 193 
Cardiac compression and total electrical alternans, 254 
Cardiac glycosides 
(see also specific type) 
and myocardial potassium balance, 320 
Cardiac output 
after surgery for fixed congenital and idiopathic hyper- 
trophic subaortic stenosis, 523 
and adrenergic stimulating agents in cardiogenic 
shock, 724 


Cardiac output 
and long-term propranolol therapy, 763 
and renovascular hypertension, 600 
and size of noncontractile area of left ventricle, 701 
by Fick method, vs. aortogram in aortic valve regurgi- 
tation, 696 
in borderline hypertension, 315 
in graded myocardial ischemia, 467 
Cardiac tamponade 
and total electrical alternans, 254 
in Hemophilus influenzae pericarditis, 778 
Cardiology, medical and pediatric, 670 (E) 
Cardiomyopathy 
and muscular subaortic stenosis, 101 
and paralysis of atrium in facioscapulohumeral muscu- 
lar dystrophy, 649 
hypertrophic, after surgery for fixed congenital and id- 
iopathic hypertrophic subaortic stenosis, 523 
Catecholamines 
(see also specific type) 
and myocardial contractility, 193 
depleted, in hypoxic pulmonary hypertension, 718 
Catheter 
“floating” balloon electrode, for right ventricular endo- 
cardial pacing, 351 
pulmonary wedge, 405 (LE) 
Catheterization 
coronary sinus, and regional left ventricular contraction 
patterns, 484 
in aortic stenosis, 381 
in fixed congenital and idiopathic hypertrophic subaort- 
ic stenosis, 523 
transseptal, and left atrial myxoma, 289 (LE) 
Cell 
cardiac muscle, during cardiac growth, 211 
foam, in hyperlipoproteinemia, 557 
myocardial 
(see Symposium on the myocardial cell) 
Chest roentgenogram in intrapulmonary veno-occlusive 
disease, 78 
Chlorothiazide, antihypertensive effects of, 606 
Chlorpheniramine for hypoxic pulmonary hypertension, 
718 
Cholesterol 
nutritional requirement, in infants and children, 581 
serum 
level in children, 547 
risk factor in atherosclerosis, 542, 547 
Cholestyramine in hyperlipoproteinemia, 547 
Cigarette smoking, risk factor in atherosclerosis, 542, 
547, 591 
Cinefluorogram and mechanism of closure of mitral pros- 
thetic valve, 616 


Cinefluoroscopy and dysfunction of Beall mitral valve 
prosthesis, 393 


Clofibrate in hyperlipoproteinemia, 547 

Coarctation of aorta, posttraumatic, 391 

Colestipol in hyperlipoproteinemia, 547 

Commissurotomy and annuloplasty for mitral regurgita- 
tion, 494 
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Communication model for changing attitudes to reduce 
“risk factors in chronic disease, 571 
Computer in assessment of aortic regurgitation, 687 
Conduction 
and lidocaine, 277 
atrial, and atrial complex, 450 
atrioventricular 
and short P-R interval, 245 
apparent supernormal, alternative mechanisms of, 
362 
nomenclature of, 232 
concealed, and atrioventricular junctional parasystole, 
397 
in intermittent trifascicular block, 71 
intraventricular 
apparent supernormal, 362 
nomenclature of, 232 
system 
in tachycardia-bradycardia syndrome, 497 
specialized, and beta receptors, 35 
Congenital disorders 
(see also Familial disorders and Pediatric cardiology) 
and incomplete differentiation of cardiac valves, 642 
and medical and pediatric cardiology, 670 (E) 
aortic regurgitation with osteogenesis imperfecta, 654 
hyperlipoproteinemia, 547 
-~ (see also Symposium on prevention of atherosclero- 
sis at the pediatric level) 
hypoplasia of right ventricular myocardium, 658 
partial anomalous pulmonary venous connection and 
: drainage, 512 
quadricuspid semilunar valve, 623 
right-sided pericardial defect with herniation of part of 
the lung into the pericardial cavity, 519 
single coronary artery, atherosclerosis in, 662 
subaortic stenosis, fixed, and idiopathic hypertrophic 
subaortic stenosis, 523 
supravalvular aortic stenosis in adults, 635 
supravalvular stenosing ring of left atrium and correct- 
ed transposition of great vessels, 84 
thymic cyst and pericarditis, 377 
tricuspid stenosis, heterograft valve replacement for, 89 


Congestive heart failure and repair of atrial septal defect 
in adults, 7 


Connective tissue disorder and aortic regurgitation with 
osteogenesis imperfecta, 654 


Contractility 

and cardiac action potential, 182 

and cardiac output in graded myocardial ischemia, 467 

and clinical factors in estimating severity of aortic 
valve disease, 687 

and exercise-induced ventricular arrhythmias in coro- 
nary artery disease, 434 

and high fidelity left ventricular pressure measure- 
ments, 415 

and norepinephrine after pericardiectomy, 260 

in ischemia, and high altitude hypoxia, 30 

isometric exercise vs. angiotensin infusion as stress 
test for, 428 

left ventricular, and myocardial oxygen consumption, 
300 
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Contractility 
myocardial, and calcium movements, 193 
Contraction, atrioventricular, and sinus nodal function, 41 
Contrast medium 
radiographic, in angiography, immediate hemodynamic 
effects of, 307 
roentgen, and roentgen videodensitometric determina- 
tion of left to right shunt, 627 
Corneal arcus in hyperlipoproteinemia in children, 547 
Coronary arteriography 
diagram for findings in, 405 (LE) 
myocardial infarction after, 407 (LE) 
Coronary artery 
collateral circulation, in true single coronary artery, 
662 
collateral vessels, intercoronary, after internal mam- 
mary artery bypass graft, 480 
disease 
and coronary arteriograms before valve replace- 
ment, 462 
and hyperlipoproteinemia, 557 
and repair of mitral regurgitation, 494 
and supravalvular aortic stenosis, 635 
angiocardiographic determination of ejection fraction 
in, 802 (E) 
electrocardiogram in, 595 
exercise-induced ventricular arrhythmias in, 434 
hemoglobin oxygen affinity in, 295 
in situs inversus totalis, 666 
premature, 547 
size of noncontractile area of left ventricle in, 701 
insufficiency, in graded myocardial ischemia, 467 
intima, mesenchymal cushions on, and atherosclero- 
sis, 542 
left anterior descending, traumatic aneurysm of, 384 
occlusion 
and hyperbaric oxygenation, 336 
infarct size after, 474 
regional contraction patterns in, 484 
revascularization 
(see also Surgery, aortocoronary bypass) 
and regression of intercoronary collateral vessels, 480 
“single,” severe atherosclerosis in, 662 
spasm, and resolution of obstructive coronary lesion 
after transmural myocardial infarction, 785 
“steal” syndrome and angina pectoris, 384 
Coronary care unit, automated arrhythmia-detection sys- 
tem in, 457 
Coronary heart disease 
(see Coronary artery disease) 
Creatine phosphokinase, serum, and infarct size, 474 
Crista supraventricularis and ventricular septal defect in 
tetralogy of Fallot, 749 
Cyst, thymic, and pericarditis, 377 


Death, sudden 
and hyperlipoproteinemia, 557 
in supravalvular aortic stenosis, 635 
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Depolarization, enhanced phase 4, in bundle branches, 
71 


. Dextrocardia and coronary artery disease in situs inversus 


totalis, 666 
Diabetes 
insipidus, tritiated digoxin in, 327 
risk factor in atherosclerosis, 591 
Diastolic filling, prolonged, and closure of prosthetic mi- 
tral valve, 616 
Diet 
and prevention of atherosclerosis in infants and chil- 
dren, 581 
change in, and prevention of atherosclerosis, 581, 588, 
591 
fat-free, in hyperlipoproteinemia, 547 
low sodium, antihypertensive effects of, 606 
Digitalis 
and hypomagnesemia, 98 
and myocardial potassium balance, 320 
in tachycardia-bradycardia syndrome, 497 
intoxication, and renal digoxin excretion, 327 
Digoxin, tritiated 
in diabetes insipidus, 327 
myocardial tissue concentration of, 47 
Diphenhydramine for hypoxic pulmonary hypertension, 
718 
Diphenylhydantoin and myocardial potassium balance, 
320 
Discriminant function analysis and severity of aortic valve 
disease, 687 
Diuretic agents, antihypertensive effects of, 606 
Doctor-patient relationship and prevention of chronic dis- 
ease, 571 
dP/dt and assessment of cardiac contractility, 415 
D-thyroxine in hyperlipoproteinemia, 547 


Ebstein's malformation of left atrioventricular valve, 84 
Echocardiogram 
and dysfunction of Beall mitral valve prosthesis, 393 
and opening snaps from nonstenotic mitral valve, 64 
in isolated tricuspid incompetence after penetrating 
trauma, 791 ; 
in supravalvular stenosing ring of left atrium, 84 
to assess left ventricular dimensions and function, 755 
Ectopic beats 
and apparent supernormal atrioventricular conduction, 
362 
induced by stress testing, and physical conditioning, 
441 
Education and prevention of chronic disease, 571 
Ejection fraction 
and size of noncontractile area of left ventricle, 701 
angiographically determined, in coronary artery dis- 
ease, 802 (E) 
Electrical alternans, total, anatomic rotation hypothesis 
for, 254 
Electrocardiogram 
after closure of atrial septal defect in children, 14 
and atrial septal defect in adults, 7 


Electrocardiogram 

and coronary artery disease in situs inversus totalis, 
666 

and “floating” balloon catheter for ventricular pacing, 
351 

and left atrial impulse formation, 798 (E) 

and mitral valve prosthesis, 93 

and opening snap from nonstenotic mitral valve, 64 

and sinus nodal echoes, 220 

during aortocoronary saphenous vein bypass graft an- 
giography, 23 

dynamic, and ventricular arrhythmias, 400 (E) 

in atrioventricular junctional parasystole, 397 

in fixed congenital and idiopathic hypertrophic subaort- 
ic stenosis, 523 

in healthy premature infant, 57 

in intermittent trifascicular block, 71 

in partial anomalous pulmonary venous connection and 
drainage, 512 

in thymic cyst and pericarditis, 377 

in transmural myocardial infarction, 595 

in transposition of great arteries, 736 

monitoring of, in coronary care unit, 457 

right atrial, in acute atrial myocardial infarction, 450 

Electrocardiographic alternation, total, anatomic rotation 


hypothesis for, 254 
Electrogram 


bipolar atrial, and apparent supernormal atrioventricu- 
lar conduction, 362 
His bundle 
and apparent supernormal atrioventricular conduc- 
tion, 362 
and lidocaine for conduction disturbances, 277 
and nomenclature of atrioventricular conduction, 232 
and short P-R interval, normal QRS complex, 245 
Electron microscope and heart muscle cells, 172 
Electrophysiology, cardiac, cellular basis of, 182 
Embolism, coronary, and coronary arterial aneurysm, 384 
Embryo 
Cardiac growth in, 211 
chick, hypoplastic left heart syndrome in, 51 
quadricuspid semilunar valves in, 623 
thymic cyst in, 377 
true single coronary artery in, 662 
ventricular septal defect and tetralogy of Fallot in, 749 
Endocarditis 
absent, and quadricuspid semilunar valves, 623 
acute, Weichselbaum on etiology of, 774 (HM) 
relation to bacteria, Joseph Hamburg on, 509 (HM) 
Endothelium, injury to, and origin of atherosclerosis, 542 
Epidemiology and prevention of atherosclerosis, 588 
Epinephrine and calcium-membrane interactions in myo- 


cardium, 193 
Exercise 


and long-term propranolol therapy, 763 
handgrip 
to assess Cardiac contractility, 415 
vs. angiotensin as stress test, 428 
in borderline hypertension, 315 
in childhood, for prevention of atherosclerosis, 591 
isometric 
to assess cardiac contractility, 415 
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Exercise 
isometric 
vs. angiotensin as stress test, 428 
programs 
and intercoronary collateral vessels, 480 
and premature ventricular complexes induced by 
stress testing, 441, 
treadmill 
isometric effects on response to, 344 
premature ventricular complexes induced by, and 
physical conditioning, 441 
ventricular arrhythmias induced by, in coronary ar- 
tery disease, 434 
Excitation-contraction coupling 
and calcium movements, 193 
in heart muscle, 182 
Extrasystoles, ventricular, exercise-induced, in coronary 
artery disease, 434 


Familial disease 
aortic regurgitation in osteogenesis imperfecta, 654 
hyperlipoproteinemia, diagnosis and management in in- 
fants and children, 547 
supravalvular aortic stenosis in adults, 635 
Fat, nutritional requirements for in infants and children, 581 
Fatty flecks in origin of atherosclerosis, 542 
Fiber shortening velocity 
and cardiac contractility, 415 
mean circumferential, and myocardial oxygen con- 
sumption, 300 
Fibrillation 
atrial, and closure of prosthetic mitral valve, 616 
ventricular, and premature ventricular complexes, 400 
(E) 
Fibrosis 
endocardial and myocardial, and intracardiac foreign 
body simulating double-chamber right ventri- 
cle, 781 
mediastinal, and pulmonary arterial stenosis with wide 
splitting of second heart sound, 372 
Fistula coronary arterial-left ventricular, 384 
Flowmeter, electromagnetic, and aortic regurgitation, 265 
Fluid, extracellular, in essential and steroid hypertension, 
606 
Foramen ovale, abnormal, in chick embryo, 51 


Gap phenomena in apparent supernormal atrioventricular 
conduction, 362 
Graft 
bypass 
(see Surgery, aortocoronary bypass) 
stented pericardial, for isolated tricuspid incompetence 
after penetrating trauma, 791 


Hamburg, Joseph, on acute endocarditis and its relation 
to bacteria, 509 (HM) 
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Heart 
block 
and closure of mitral prosthetic valve, 616 
and opening snap from nonstenotic mitral valve, 64 
atrioventricular x 
atrioventricular junctional parasystole simulating, 
397 
closure sound. of Starr-mitral valve, 
prosthesis in, 93 
lidocaine for, 277 
with ventricular capture, nomenclature of, 232 
complete, and muscular subaortic stenosis, 101 
intermittent trifascicular, 71 : 
sinoatrial, in the tachycardia-bradycardia syndrome, 
497 
disease, ischemic, and hyperlipoproteinemia, 557 
failure, congestive 
and dysfunction of Beall mitral valve prosthesis, 393 
and hyperbaric oxygenation, 336 
and intracardiac foreign body simulating double- 
chamber right ventricle, 781 I 
and intrapulmonary veno-occlusive disease, 78 
and renal digoxin excretion, 327 
and severity of aortic valve disease, 687 
murmur, diastolic, in coronary arterial aneurysm and 
coronary arterial-left ventricular fistula, 384 


Edwards 


muscle 
cells, quantitative electron microscopic description 
of, 172 
contraction of, and action potential, 182 
rate 
after minoxidil therapy, 355 
after propranolol, 712 
and infarct size, 474 
and ischemia of sinus node, 331 
and load carrying, 344 
and Starr-Edwards mitral ball valve prosthesis, 105 
in healthy premature infant, 57 
size 
after propranolol, 712 
and myocardial tissue concentration of digoxin, 47 
sound 
first 
and Starr-Edwards mitral valve prosthesis, 93 
split, vs. fourth heart sound, 530 (LE) 
fourth, vs. split first sound, 530 (LE) 
second, split 
in ‘“double-chambered right ventricle,” 781 
in pulmonary arterial stenosis, 372 


Hecht, Hans H., 171 

Hemiblock 
left anterior, lidocaine for, 277 
nomenclature of, 232 


Hemodynamics 

after angiotensin infusion and isometric exercise, 428 

after closure of atrial septal defect in children, 14 

and diphenylhydantoin, 320 

and effects of propranolol on wall motion abnormali- 
ties, 712 

and hyperbaric oxygenation after myocardial infarction, 
336 
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Hemodynamics 
and propranolol therapy for hypertrophic subaortic ste- 
nosis, 763 
during cardiac angiography, 307 
in gardiogenic shock, 724 
in complete transposition of great arteries, 736, 742 
in diffuse muscular subaortic stenosis, 1 
in graded myocardial ischemia, 467 
in partial anomalous pulmonary venous connection and 
drainage, 512 
in renovascular hypertension, 600 
Hemoglobin 
in complete transposition of great arteries, 742 
oxygen affinity in myocardial infarction, 295 
Hemolysis after open heart surgery, 282 (E) 
Hemophilus influenzae as cause of pericarditis, 778 
Hemorrhage after open heart surgery, 282 (E) 
Hepatitis after open heart surgery, 282 (E) 
His-Purkinje system and apparent supernormal atrioven- 
tricular conduction, 362 
Histamine for hypoxic pulmonary hypertension, 718 
H-V interval and short P-R interval, 245 
Hyperbaric oxygenation in myocardial infarction, 336 
Hyperlipidemia, risk factor in arteriosclerosis, 591 
Hyperlipoproteinemia 
cardiovascular pathology in, 557 
diagnosis and management in infants and children, 547 
Hyperplasia of cardiac muscle cell, 211 
Hypertension 
borderline, hemodynamics in, 315 
essential 
cardiac output in, 600 
volume-dependent, 606 
pulmonary 
and aortic stenosis, 381 
and pulmonary arterial stenosis, 372 
and repair of atrial septal defect in adults, 7 
and tricuspid whoop, 642 
hypoxic, antihistaminic drugs for, 718 
in intrapulmonary veno-occlusive disease, 78 
renovascular, cardiac output in, 600 
risk factor in atherosclerosis, 542, 547, 591 
steroid, volume-dependent, 606 
with renal failure, minoxidil in, 355 
Hypertrichosis after minoxidil therapy, 355 
Hypertrophy, cardiac 
and myocardial cells, 172, 211 
and myocardial tissue concentration of digoxin, 47 
protein synthesis in, 202 
Hypomagnesemia and refractory cardiac arrhythmia, 98 
Hypoplastic left heart syndrome in chick embryo, 51 
Hypothyroidism and heart muscle cells, 172 
Hypoxia, high altitude, in preventing myocardial ischemic 
necrosis, 30 


Idiopathic hypertrophic subaortic stenosis 
and complete heart block, 101 
and fixed congenital subaortic stenosis, 523 
mitral valve prosthesis for, 1 
treatment with propranolol, 763 


Indicator-dilution 
curves, in roentgen videodensitometric determination 
of left to right shunts, 627 
technique, upstream sampling, and aortic regurgita- 
tion, 265 
Infant 
(see Pediatric cardiology) 
Infundibular septum, embryonic, and ventricular septal 
defect in tetralogy of Fallot, 749 
Inotropic state, depressed, and reduced myocardial oxy- 
gen consumption, 300 
Intrapulmonary veno-occlusive disease, 78 
Isoproterenol 
and infarct size after coronary occlusion, 474 
and long-term propranolol therapy for hypertrophic 
subaortic stenosis, 763 
with norepinephrine in cardiogenic shock, 724 


Jowett, Thomas, on pericardiocentesis, 273 (HM) 


Kidney failure and hypertension, minoxidil in, 355 


Lactate utilization in cardiogenic shock, 724 
Lidocaine for atrioventricular block, 277 
Lineoleic acid, nutritional requirement for, in infants, 581 
Lipid 
hypothesis, 547 
research clinics, 547 
Lipoprotein 
normal pattern, necropsy findings in, 557 
plasma, 4 classes of, 547 


Magnesium sulfate and refractory cardiac arrhythmia, 98 
Malabsorption syndrome and refractory cardiac arrhyth- 
mia, 98 
Mass media and prevention of chronic disease, 571 
Mediastinum, fibrosis of, and pulmonary arterial stenosis, 
372 
Membrane 
area in heart muscle cells, 172 
voltage of cardiac cells, 182 
Metabolism in graded myocardial ischemia, 467 
Microsomes, cardiac, Ca-binding and uptake by, 193 
Minoxidil in severe hypertension with renal failure, 355 
Mitochondria in normal and hypertrophied heart, 202 
Mitosis of cardiac muscle cell, 211 
Mitral valve 
closure, presystolic, 93 
disease, and partial anomalous pulmonary venous con- 
nection and drainage, 512 
nonstenotic, echocardiogram in, 64 
obstruction, in chick embryo, 51 
plaques in, in homozygous type Il hyperlipoproteine- 
mia, 557 
prosthesis 
and right ventricular function, 260 
Beall, dysfunction of, 393 
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Mitral valve 
prosthesis 
- closure mechanism of, 616 
for diffuse muscular subaortic stenosis, 1 
for mitral regurgitation, 494 
Starr-Edwards 
and tachycardia, 105 
closure sound in, 93 
regurgitation 
and assessment of aortic regurgitation, 696 
and cardiac contractility, 415 
repair of, 11 year experience, 494 
stenosis 
and repair of mitral regurgitation, 494 
and tricuspid whoop, 642 
Mitrogenic subaortic stenosis, 1 
Monitoring, electrocardiographic, automated system for, 
457 
Muscle, skeletal, vs. heart muscle, cell differentiation in, 
211 
Muscular dystrophy, facioscapulohumeral, permanent pa- 
ralysis of atrium in, 649 
Myocardial infarction 
acute atrial, and electrocardiographic atrial complex, 
450 
after coronary arteriography, 407 (LE) 
and exercise-induced ventricular arrhythmias in coro- 
nary artery disease, 434 
and hyperbaric oxygenation, 336 
automated arrhythmia detection system for, in coro- 
nary care unit, 457 
heart rate and infarct size in, 474 
hemoglobin oxygen affinity in, 295 
infarct size, and hemoglobin oxygen affinity, 295 
inferior, “color” vectorcardiogram in, 795 
left ventricular aneurysm after, 384 
surgical treatment of aneurysm and segmental dyski- 
nesis of left ventricular wall after, 708 
transmural 
electrocardiographic, arteriographic and ventriculo- 
graphic correlations in, 595 
resolution of obstructive coronary lesion after, 785 
ventricular, and atrial complex, 450 


Myocardial ischemia 

and aortocoronary saphenous vein bypass graft angio- 
graphy, 23 

and hemoglobin oxygen affinity, 295 

and high altitude hypoxia, 30 

and hyperbaric oxygenation, 336 

graded, compensatory mechanisms during, 467 

subclinical, and exercise-induced ventricular arrhyth- 
mias, 434 


Myocardial oxygen consumption 
and load carrying, 344 
in graded myocardial ischemia, 467 — 
isometric exercise and angiotensin infusion as stress 
test for, 428 
reduced, and depressed inotropic state, 300 
Myocardium 
cell 
(see also Symposium on the myocardial cell) 
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Myocardium 
cell 
Ca-binding and uptake in, 193 
disease, after closure of atrial septal defect in children, 
14 s 
embryonic development of, 211 
right ventricular, congenital hypoplasia of, 658 
tissue concentration of tritiated digoxin, 47 
Myofibrillar proteins in normal and hypertrophied heart, 
202 
Myosin in normal and hypertrophied heart, 202 
Myxoma, left atrial, and transseptal cardiac catheteriza- 
tion, 289 (LE) 
Myxomatosis, valvular, and incomplete differentiation of 
cardiac valves, 642 


Neonate, congenital hypoplasia of right ventricular myo- 
cardium in, 658 
Neurogenic activity in borderline hypertension, 315 
Nicotinic acid in hyperlipoproteinemia, 547 
Nitroglycerin and intercoronary collateral vessels after in- 
ternal mammary artery bypass graft, 480 
Nomenclature of atrioventricular and intraventricular con- 
duction, 232 
Norepinephrine 
contractile response to, after pericardiectomy, 260 
with isoproterenol in cardiogenic shock, 724 


Obesity and arteriosclerosis, 591 
Osteogenesis imperfecta, aortic regurgitation and aneu- 
rysm of sinus of Valsalva in, 654 
OQuabain 
and calcium-membrane interactions in myocardium, 
193 
and myocardial potassium balance, 320 
Outflow obstruction and long-term propranolol therapy for 
hypertrophic subaortic stenosis, 763 
Oxygen 
saturation, systemic arterial, in complete transposition 
of great arteries, 742 
transport in myocardial infarction, 295 
Oxyhemoglobin dissociation curve in myocardial infarc- 
tion, 295 


Pacemaker 
demand, inhibition by television transmitter, 789 
depression, in tachycardia-bradycardia syndrome, 497 
longevity of, 111 (E) 
Pacing 
atrial 
after surgery for fixed congenital and idiopathic hy- 
pertrophic subaortic stenosis, 523 
and short P-R interval, 245 
rapid, in conversion of atrial flutter, 287 (LE) 
in tachycardia-bradycardia syndrome, 497 
right ventricular endocardial, “floating” catheter for, 
351 
ventricular, and infarct size after coronary occlusion, 
474 


June 1973 The American Journal of CARDIOLOGY Volume 31 829 


SUBJECT INDEX: VOLUME 31 


Parasystole, atrioventricular junctional, simulating atrio- 
ventricular block, 397 
“Parchment” heart and pulmonary atresia in newborn, 
658 
Parietal band and ventricular septal defect in tetralogy of 
Fallot, 749 | 
Partial anomalous pulmonary venous connection and 
drainage, 512 
Pediatric cardiology 
(see also Congenital heart disease, Familial disease 
and Symposium on prevention of atheroscle- 
rosis at the pediatric level) 
and medical cardiology, 670 (E) 
atrial septal defect 
in adults, repair of, 7 
in children, later results of closure of, 14 
cell proliferation during cardiac growth, 211 
electrocardiogram in healthy premature infant, 57 
hypoplastic left heart syndrome in chick embryo, 51 
incomplete differentiation of cardiac valves, 642 
transposition of great arteries 
prediction of left ventricular pressure from vectorcar- 
diogram in, 736 
systemic arterial oxygen saturation in, 742 
ventricular septal defect in tetralogy of Fallot, 749 
Pericardial effusion 
and total electrical alternans, 254 
and ultrasonically guided pericardiocentesis, 490 
Pericardial tamponade and thymic cyst, 377 
Pericardiectomy 
and right ventricular function after pulmonary arterial 
constriction, 260 
for Hemophilus influenzae pericarditis with cardiac tam- 
ponade, 778 
Pericardiocentesis 
Thomas Jowett on, 273 (HM) 
ultrasonically guided, 490 
Pericarditis 
and thymic cyst, 377 
due to Hemophilus influenzae, 778 
Pericardium 
and right ventricular function, 260 
defect, right-sided, with herniation of part of lung into 
pericardial cavity, 519 
development of, 519 
Phenoxybenzamine in cardiogenic shock, 724 
Phonocardiogram 
and mechanism of closure of prosthetic mitral valve, 
616 
and mitral valve prosthesis, 93- 
in pulmonary arterial stenosis, 372 
Physical conditioning and premature ventricular com- 
plexes induced by stress testing, 441 
Polyunsaturated fat-rich formulas for infants, 581 
Polyploidy and cardiac growth, 211 
Polyuria and renal digoxin excretion in diabetes insipidus, 
327 
Postperfusion syndrome after open heart surgery, 282 (E) 
Potassium 
and cardiac contraction, 182 


Potassium 

and refractory cardiac arrhythmia, 98 

myocardial, and ouabain and diphenylhydantoin, 320 
P-R interval, short, and normal QRS complex, 245 
Practolol and conduction velocity, 35 
Premature beats 

atrial, and sinus nodal echoes, 220 


ventricular 
and “floating” balloon catheter for ventricular pac- 
ing, 351 


and ventricular tachycardia, 400 (E) 
detected by automated system in coronary care unit, 
457 
Pressure-volume relations in essential and steroid hyper- 
tension, 606 
Prevention 
(see also Symposium on prevention of atherosclerosis 
at the pediatric level) 
of chronic disease, changing attitudes for, 571 
Preventive cardiologists and risk factors in cardiac dis- 
ease, 591 
Progestogens in hyperlipoproteinemia, 547 
Promethazine for hypoxic pulmonary hypertension, 718 
Propranolol 
and conduction velocity, 35 
in tachycardia-bradycardia syndrome, 497 
intravenously administered, for wall motion abnormali- 
ties, 712 
therapy, long-term, in hypertrophic subaortic stenosis, 
763 
Protein synthesis and turnover in normal and hypertro- 
phied heart, 202 
Pulmonary artery 
banding, pericardiectomy after, and right ventricular 
function, 260 
hypertension 
(see Hypertension, pulmonary) 
hypoplastic, and partial anomalous pulmonary venous 
connection and drainage, 512 
prominence of, and repair of atrial septal defect in 


adults, 7 
stenosis, with wide splitting of second heart sound, 
372 


wedge catheter, 405 (LE) 
Pulmonary veins and partial anomalous connection and 
drainage, 512 
Pulmonic valve 
atresia with Uhl’s anomaly in newborn, 658 
quadricuspid, 623 
stenosis of, 623 
Purkinje network, nomenclature of, 232 
P wave 
and left atrial impulse formation, 798 (E) 
ectopic, and sinus nodal echoes, 220 
in healthy premature infant, 57 


QRS complex 
in healthy premature infant, 57 
normal, and short P-R interval, 245 
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Radarkymography and effects of propranolol on wall mo- 
tion abnormalities, 712 
Reentry 
and apparent supernormal atrioventricular conduction, 
362 
and short P-R interval, 245 
and sinus nodal echoes, 220 
Refractory period 
and short P-R interval, 245 
and sinus nodal echoes, 220 
Renal artery disease, cardiac output in, 600 
Renin 
plasma, in essential and steroid hypertension, 606 
system, and renovascular hypertension, 600 
Resistance, total peripheral 
in borderline hypertension, 315 
in renovascular hypertension, 600 
Reviews in cardiology, 166, 292, 409, 533, 675, 805 
Rheumatic heart disease 
and medical and pediatric cardiology, 670 (E) 
and repair of mitral regurgitation, 494 
Rhythm, left atrial, electrocardiogram in, 798 (E) 
Risk factors 
in atherosclerosis, 542, 547 
in chronic disease, changing attitudes and habits to re- 
duce, 571 
R-on-T phenomenon 
and conventional electrocardiographic monitoring in 
coronary care unit, 457 
and ventricular tachycardia, 400 (E) 
R-R interval and closure of prosthetic mitral valve, 616 


Scimitar sign and partial anomalous pulmonary venous 
connection and drainage, 512 
Sex, male, as risk factor in atherosclerosis, 542 
Shock, cardiogenic, isoproterenol with norepinephrine in, 
724 
Short P-R interval, normal QRS complex syndrome, 245 
Shunt, left to right 
and partial anomalous pulmonary venous connection 
and drainage, 512 
and repair of atrial septal defect in adults, 7 
-~ roentgen videodensitometry in determination of, 627 
“Sick sinus syndrome” vs. tachycardia-bradycardia syn- 
drome, 497 
Sinus node 
echoes, and atrial premature beats, 220 
function, and atrial and ventricular drive, 41 
ischemia and slowing, 331 
Sinus of Valsalva, aneurysm of, with osteogenesis imper- 
fecta, 654 
Situs inversus totalis, coronary artery disease in, 666 
Sodium diet, low, antihypertensive effects of, 606 
Sodium-meglumine diatrizoate in angiography, hemody- 
namic effects of, 307 
Spironolactone, antihypertensive effects of, 606 
Stenosis 
(see also specific type) 


SUBJECT INDEX: VOLUME 31 


Stenosis 
aortic 


in homozygote with type IlI hyperlipoproteinemia, ` 


557 
right ventricular failure in, 381 
supravalvular, in adults, 635 
hypertrophic subaortic, long-term propranolol therapy 
for, 763 
mitral, and repair of mitral regurgitation, 494 
muscular subaortic 
and complete heart block, 101 
diffuse, surgery for, 1 
of quadricuspid semilunar valves, 623 
pulmonary arterial, with wide splitting of second heart 
sound, 372 
subaortic, fixed congenital, with idiopathic hypertrophic, 
523 
valvular, and incomplete differentiation of cardiac 
valves, 642 
Stokes-Adams attacks in tachycardia-bradycardia syn- 
drome, 497 
Stress 
(see also Exercise) 
isometric, and blood pressure, 344 
psychic, and angina pectoris, 108 (E) 
test 
isometric exercise vs. angiotensin infusion as, 428 
progressive, premature ventricular complexes induced 
by, and physical conditioning, 441 
Subspecialty of cardiovascular disease, certification of 
candidates, 170 
Surgery 
and renovascular hypertension, 600 
aortocoronary bypass 
internal mammary artery, and intercoronary collater- 
al vessels, 480 
saphenous vein 
for left ventricular aneurysm or segmental dyski- 
nesia, 708 
graft angiography, 23 
Blalock-Taussig operation, mitral valve opening snap 
after, 64 
coronary arteriograms before, 462 
for atrial septal defect 
in adults, 7 
in children, later results of, 14 
for diffuse muscular subaortic stenosis, 1 
for dyskinesis of left ventricular wall, 708 
for intracardiac foreign body simulating double cham- 
ber right ventricle, 781 
for isolated tricuspid incompetence after penetrating 
trauma, 791 
for left ventricular aneurysm, 708 
for mitral regurgitation, 494 
for posttraumatic coarctation of aorta, 391 
for subaortic stenosis 
fixed congenital and idiopathic hypertrophic, 523 
hypertrophic, 763 
for supravalvular aortic stenosis, 635 
for thymic cyst and pericarditis, 377 
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Surgery 
for traumatic aneurysm of left anterior descending cor- 
Onary artery, 384 
for tricuspid stenosis, 89 
for tricuspid valve atresia, 89 
open heart, hematologic complications of, 282 (E) 
ultrasound in pericardiocentesis, 490 
Sympathetic nerves, stimulation of, and conduction ve- 
locity, 35 
Sympathetic nervous system and exercise-induced ven- 
tricular arrhythmias, 434 
Symposium on the Myocardial Cell, 171-231 
Action potential and contraction of heart muscle, 182 
Calcium-membrane interactions in the myocardium: ef- 
fects of ouabain, epinephrine and 3’,5’-cyclic 
adenosine monophosphate, 193 
Cell proliferation during cardiac growth, 211 
Introduction, 171 
Protein synthesis and turnover in normal and hypertro- 
phied heart, 202 
Quantitative electron microscopic description of heart 
muscle cells. Application to normal, hypertro- 
phied and thyroxin-stimulated hearts, 172 
Sinus nodal echoes. Clinical case report and canine 
studies, 220 
Symposium on Prevention of Atherosclerosis at the Pedi- 
atric Level. Including Identification of Poten- 
tial Risks and Prophylaxis, 539-594 
Cardiovascular pathology in hyperlipoproteinemia. Ana- 
tomic observations in 42 necropsy patients 
with normal or abnormal serum lipoprotein 
patterns, 557 
Changing attitudes and habits to reduce risk factors in 
chronic disease, 571 
Diagnosis and management of hyperlipoproteinemia in 
infants and children, 547 
Fat nutrition and diet in childhood, 581 
Introduction, 539 
Prevention of atherosclerosis, 591 
Risk factors of coronary heart disease—their genesis 
and pediatric implications, 588 
Syncope and demand pacemaker inhibition by television 
transmitter, 789 
Systole, atrial, and closure of prosthetic mitral valve, 616 


Systolic time intervals after propranolol, 712 


Tachycardia 
and infarct size after coronary occlusion, 474 
and intermittent trifascicular block, 71 
and Starr-Edwards mitral ball valve prosthesis, 105 
-bradycardia syndrome, mechanisms and treatment of, 
497 
sinus, and sinus nodal echoes, 220 
supraventricular, and short P-R interval, 245 
ventricular 
and premature ventricular complexes, 400 (E) 
recurrent, and ventricular aneurysm, 529 (LE) 
Television transmitter and inhibition of demand pacemak- 
er, 789 


Terminal fascicular network (Purkinje), nomenclature of, 
232 
Tetralogy of Fallot 
and opening snap from nonstenotic mitral valve, 64 
ventricular septal defect in, 749 
and dysfunction of Beal! mitral valve prosthesis, 393 
and traumatic aneurysm of left anterior descending 
coronary artery, 384 
Thymus, cyst in, and pericarditis, 377 
Thyrotoxicosis and opening snap from nonstenotic mitral 
valve, 64 
Thyroxin and heart muscle cells, 172 
Tolazoline in intrapulmonary veno-occlusive disease, 78 
Transposition of great arteries 
corrected, and supraventricular stenosing ring of left 
atrium, 84 
prediction of left ventricular pressure from vectorcar- 
diogram in, 736 
systemic arterial oxygen saturation in, 742 
Trauma 
and intracardiac foreign body, 781 
chest 
aneurysm of left anterior descending coronary artery 
after, 384 
coarctation of aorta after, 391 
penetrating, tricuspid incompetence after, 791 
Tricuspid valve 
atresia 
and opening snap from nonstenotic mitral valve, 64 
surgery for, 89 
incompetence, after penetrating trauma, 791 
insufficiency, precordial whoop in, 642 
leaflets, absent, in congenital hypoplasia of right ven- 
tricular myocardium, 658 
regurgitation, in ‘‘double-chambered right ventricle,” 
781 
stenosis, congenital, treated by heterograft valve re- 
placement, 89 
Triglyceride in hyperlipoproteinemia, 547 
T wave inversion, and severity of aortic valve disease, 687 


Uhl’s anomaly and pulmonary atresia in newborn, 658 
Ultrasound 
(see also Echocardiogram) 
for pericardiocentesis, 490 
Ultrastructure of myocardial cell, 172 
(see also Symposium on the myocardial cell) 
Uremia and hypertension, minoxidil in, 355 
Urine, volume, and renal digoxin excretion in diabetes 
insipidus, 327 


Vagal stimulation and sinus nodal echoes, 220 
Valve 
(see also specific valve) 
incomplete differentiation of, 642 
left atrioventricular, Ebstein’s malformation of, 84 
replacement 
and coronary arteriography, 462 
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Valve 
replacement 
for congenital tricuspid stenosis, 89 
semilunar, quadricuspid, 623 


Vascular disease, premature, and type || hyperlipopro- 
teinemia, 557 


Vasodilating agent and antihypertensive agents in severe 
hypertension with renal failure, 355 


Vectorcardiogram 
and coronary artery disease in situs inversus totalis, 
666 
“color,” in inferior myocardial infarction, 795 
in transposition of great arteries, prediction of left ven- 
tricular pressure from, 736 


Veins, pulmonary, in intrapulmonary veno-occlusive dis- 
ease, 78 


Vena cava, superior, obstruction of, and right-sided peri- 
cardial defect, 519 


Veno-occlusive disease, intrapulmonary, 78 


Ventricle 
contraction of, and closure of prosthetic mitral valve, 
616 
dilatation of, in graded myocardial ischemia, 467 
hypertrophy of, and myocardial tissue concentration of 


digoxin, 47 
left 
after myocardial infarction, 701 
aneurysm 


after myocardial infarction, 384 
surgical treatment of, 708 
contractility, and myocardial oxygen consumption, 
300 
disease, and exercise-induced ventricular arrhyth- 
mias in coronary artery disease, 434 
failure 
and hyperbaric oxygenation, 336 
in aortic stenosis, 381 
function 
and abnormal atrial complex, 450 
and chronic localized noncontractile area, 701 
and high fidelity pressure measurements, 415 
echocardiogram in assessment of, 755 
isometric exercise vs. angiotensin infusion as 
stress test for, 428 
hypertrophied, and heart muscle cell, 172 
hypokinetic, after myocardial infarction, 785 
impulse, and severity of aortic valve disease, 687 
outflow 
and muscular subaortic stenosis, 101 
obstruction 
in fixed congenital and idiopathic hypertrophic 
subaortic stenosis, 523 
mitral valve replacement for, 1 
pressure 
load, and cardiac contractility, 415 
measurements, and cardiac contractility, 415 
prediction of, from vectorcardiogram in transposi- 
tion of great arteries, 736 
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Ventricle 
regional contraction patterns in, 484 
stroke work, isometric exercise vs. angiotensin as° 
stress test for, 428 
volume, and angiography, 307 
wall 
dyskinesis of, surgical repair of, 708 
thickness, echocardiogram in assessment of, 755 
right 
double-chamber, intracardiac foreign body simulat- 
ing, 781 
failure, in aortic stenosis, 381 
function, and pericardiectomy, 260 
hypertrophy, after closure of atrial septal defect in 
children, 14 
in healthy premature infant, 57 
myocardium, congenital hypoplasia of, 658 
size, and valve replacement for congenital tricuspid 
stenosis, 89 
single, and systemic arterial oxygen saturation in com- 
plete transposition of great arteries, 742 
volume, and assessment of aortic regurgitation, 696 
wall motion 
effect of propranolol on, 712 
in myocardial infarction, 595 
regional disorders of, 484 
Ventricular drive and sinus nodal function, 41 
Ventricular septal defect 
and opening snap from nonstenotic mitral valve, 64 
in tetralogy of Fallot, 749 
roentgen videodensitometric determination of left to 
right shunt in, 627 
Ventriculogram 
and coronary arteriographic findings, diagram for, 405 
(LE) | 
in transmural myocardial infarction, 595 
left, after transmural myocardial infarction, 785 
Video tracking, radar kymographi, and wall motion ab- 
normalities, 712 
Videodensitometry, roentgen 
and severity of aortic regurgitation, 265 
to determine left to right shunt in ventricular septal de- 
fect, 627 
Vitamin E and polyunsaturated fat intake in infants, 581 
Vmax for assessment of cardiac contractility, 415 
Voltage clamp and membrane voltage of cardiac cells, 
182 


Weichselbaum, Anton, on etiology of acute endocarditis, 
774 (HM) 

Weight, ideal body, in hyperlipoproteinemia, 547 
Wenckebach phenomena 

and supernormal conduction, 362 

in bundle branches, 71 
Wedensky phenomena in left bundle branch, 288 (LE) 
Whoop, precordial, in tricuspid insufficiency, 642 
Wolff-Parkinson-White syndrome, nomenclature of, 232 
Wood, Paul, 289 (LE) 


Xanthomas in hyperlipoproteinemia, 547,557 
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The editors and publishers of THE AMERICAN JOURNAL OF CARDI- 
OLOGY welcome concise articles devoted to cardiovascular disease. Ar- 
ticles must be contributed solely to THE AMERICAN JOURNAL OF CAR- 
DIOLOGY and become the property of the Publisher. The Publisher re- 
serves copyright and renewal on all published material, and such mate- 
rial may not be reproduced in any form without the written permission 
of the Publisher. Statements in articles are the responsibility of the au- 
thors. Authors will assist the editors in the prompt processing of manu- 
scripts if these instructions are followed: 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 
10019. 

e Submit two copies of all elements 
of the article: text, references, leg- 
ends, tables and figures. 

e Arrange the paper in this order: 
(1) title page; (2) abstract; (3) text; 
(4) references; (5) legends; (6) ta- 
bles; and (7) figures. 

e Number all pages in above se- 
quence, beginning with title page as 
1, abstract as 2, etc. 

e Type all matter: (1) on 81% x 11 
Opaque white bond paper; (2) in du- 
plicate; (3) on one side of each sheet 
only; (4) double-space; (5) leave wide 
margins, all four sides. 


THE TITLE PAGE 


e Number title page as page 1. 

e Include first names, degrees and, 
where applicable, FACC for all au- 
thors. 

e Insert at bottom: name and ad- 
dress of institution from which work 
Originated plus information about 
grants. 

e Add at bottom the phrase ‘‘Ad- 
dress for reprints: . . ."’ followed by 
full name and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: an alpha- 
betical list of 2 to 6 key words and 
subjects for indexing. 


THE TEXT 


e Number pages in sequence after 
abstract. 

e Type in duplicate; double-space. 
e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 
Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute’ of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
-~ Washington, D. C. 


e Cite in numerical order every ref- 
erence, figure and table. (Order of 
mention in text determines the num- 
ber given to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 
èe Place immediately after text, and 
number pages in sequence after text 
page numbers. 

e Number the references in order in 
which they are mentioned in text. 

e Follow the general arrangement, 
abbreviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of references. 

e Identify at the end of each legend 
and in alphabetical order all abbrevia- 
tions in the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 
e Number pages in sequence after 
last page of legends. 


e Give each table a number (in roman 
numerals: Table I, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all 
abbreviations used. 


THE FIGURES 


e Submit 2 glossy prints (not origi- 
nals) of each photo and drawing. 


Please note that art work of published 
articles will not be returned. 


e Use black ink for all charts (line 
drawings). Make decimals, broken 
lines, etc. strong enough for repro- 
duction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show 
only essential field. 

e Identify figures on back by num- 
ber and author’s name. 

e Number figures in order in which 
they are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from 
publisher and author to reproduce 
any previously published figures. 

e Limit figures to number necessary 
for clarity. The publisher allows a 
limited sum toward reproduction. 
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Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 


lescents (Moss AJ, Adams F, ed). Baltimore, 


Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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is what you can get 


Improved 
resolution 


Fluoroscopic images that let 
you see your way far more 
clearly in catheterization 
procedures is the immediate 
visible difference you'll note 
with the Fluoricon ® 300 image 
system. This improved 
resolution is a result of a total 
system design incorporating a 
cesium iodide image tube 
(optional triple field), and 
television chain specifically 
designed for radiology. The 
result is a new standard of 
image quality for a wide choice 
of recording media, including 
video tape at both fluoro 

and enhanced levels. 


Larger format 
photospotting 


A GE 105 mm photospot 
camera can be integrated with 
the system as a perfect 
complement to cine. The 
camera produces images 
almost 4x4 inches large, for 
definitive diagnoses on any 
viewing box; even in surgery. 
Life-size images are also 
possible, using the intensifiers 
4% inch magnified mode. 


The 105 covers all rapid 
filming technics, and makes 
optimum use of all generator 
mA stations up to 1200 mA. 
With shorter exposure time and 
better stop motion. Exposure 
rates range from one frame 
every 2 seconds, through 12 
frames per second. 


Choice of 
cine systems 


The Fluoricon 300 system 
offers a choice of cine 
integration: 35 mm cameras; 
or Cine 180 that provides more 
than double the per-frame 
recording area compared with 
Standard 16 mm cine, plus 
frame rates to 240 per second. 
Automatic exposure control 
permits operation at peak mA 








and optimum kilovoltage, with 
the shortest possible exposure 
time per cine frame. 


Let your GE representative 
give you an eye-opening 
demonstration with a short 
movie. Get in touch. 


General Electric 
Medical Systems, 
Milwaukee, Toronto, 
Liege, Madrid 
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Sage model 367: 
the pump designed specifically 
for dye dilution studies 


Biotron 


for clinical 
applications 


è Designed for clinical O.R. 
or cath lab use 


è Easily applied handle- 
type probe 


® Patient safety assured 
through isolation circuitry 


® Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


FLOW 
PROBES 


clinical 
applications 


è Convenient, handle-ty pe 
probe with positive 
capture slide 


® Designed for O.R. and 
cath lab use 


@ For rapid analysis of 
flow through exposed 
blood vessels 


è Use with Biotronex 
clinical blood flowmeter 
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FLOW 
PROBES 


for 
bypass 
applications 


@ Use with heart-lung 
machine, artificial kidney 
or similar systems 


@ İron core construction 
provides high sensitivity 
and accuracy 


@ Operates with BLI 
research and clinical 
blood flowmeters 


@ Available in sizes to fit 
most tubing 


ex Laboratory, INC. 3153 Brookville Road init Rieu AA Phone: 301/588-6400 
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works with all densitometers 
nine directly dialed flow rates, 5—40 ml/min 
flow rates precalibrated for 20, 30 and 50 cc syringes 
accepts all syringe types 





for further information, write to: 


Sage Instruments , 


Division of Orion Research Incorporated 
11 Blackstone Street 2 
Cambridge, Mass. 02139 


switches instantaneously from infusion to withdrawal 


flow rates reproducible to 0.5% 
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ELECTROPHYSIOLOGIC CORRELATES 
OF CLINICAL ARRHYTHMIAS 


Guest Editor: Charles Fisch, MD, FACC, Indiana University Medical Center 
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the country. 


Presents examples of arrhythmias with mechanisms that have been deduced by anal- 
ysis of clinical tracings and are being confirmed by electrophysiologic studies. 


Originally published in the September, October and November 1971 issues of 
THE AMERICAN JOURNAL OF CARDIOLOGY—a $15.00 value—now available to you 
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Syndrome. A New Look... Artificial Pacing of the Human 
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arrhythmic Drugs . . . The Postextrasystolic T Wave Change. 


14 Papers 144 Pages Price $8. 
To order fill out the coupon below and mail. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
l 


THE AMERICAN JOURNAL OF CARDIOLOGY 
666 Fifth Avenue, New York, N.Y. 10019 


Please send copy(ies) of the Symposium on Electrophysiologic 
Correlates of Clinical Arrhythmias at $8.00 each.* Payment of $___ 
enclosed. (In order to maintain the low price of this item we must 
require payment with your order. 





Name 





Address 
F f City State ZIP 


A Publication of the Yorke Medical Group + Dun « Donnelley Publishing Corp. 
* For delivery in New York State add State sales tax. In New York City 7%. 





A SS SS Se SS SS SS SS eS SE GS SS ae RANS Gy Gene DENS aS Gunes come acts GES ORED Gente feiss cause aude auo samc wtb ais tune situs tums exis cue ummm mau emmy mmm en 


Fis is seska cn sas E oan Gg EEN a E salge all 


i 


NEW 
BOOKS 


HYPERTENSION | 
MECHANISMS AND MANAGEMENT 
The 26th Hahnemann Symposium 


Edited by Gaddo Onesti, M.D., Kwan Eun 
Kim, M.D., and John D. Moyer, M.D. Bringing 
together the most current information avail- 
able from authorities in the field, this book 
covers: Definition, Physiology and Hemo- 
dynamics of Essential Hypertension; Mani- 
festations of Essential Hypertension; Epi- 
demiology and Environmental Factors in 
Essential Hypertension; Pharmacology and 
Therapy of Essential Hypertension Using 
Established Drugs; Recent Advances in Drug 
Therapy; Adrenal Hypertension; Renal Hy- 
pertension; Miscellaneous Hypertension; 
Complications and Special Consideration in 
the Treatment of Hypertension. August 1973, 
848 pp., 389 illus., $39.00 

ISBN 0-8089-0790-5 


GRUNE & STRATTON, INC. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 Fifth Avenue, New York, N.Y. 10003 


MYOCARDIAL DISEASES 


Edited by Noble O. Fowler, M.D. In conjunc- 
tion with progress in the clinical recognition 
of myocardial diseases, the informed search 
for appropriate preventive measures has 
paralleled the exploration of their origins. 
This book collects the latest work of author- 
ities in the field, and includes such topics as: 
Classification and Diagnosis of Myocardial 
Diseases; Clinical Features and Natural His- 
tory of Cardiomyopathy; Hemodynamic and 
Myocardial Metabolism Studies; Radiologic 
Features; Electrocardiographic and Vector- 
cardiographic Features; Heritable and Fa- 
milial Aspects; Alcoholic Cardiomyopathy; 
Clinical Aspects; Immunologic Studies; Hy- 
pertrophic Obstructive Cardiomyopathy; Sec- 
ondary Cardiomyopathies; Treatment of 
Myocardial Diseases. June 1973, 392 pp., 
115 illus., about $18.75 ISBN 0-8089-0799-9 
A CLINICAL CARDIOLOGY MONOGRAPH 


CARDIAC PACING 


Edited by Philip Samet, M.D. In fifteen author- 
itative and up-to-date chapters, this volume 
covers both the basic aspects of cardiac 
pacing—such as the anatomy and pathology 
of the conduction system, physiologic as- 
pects of pacing—and special problems of 
importance—such as techniques of per- 
manent pacer implantation, pacer therapy 
of tachycardias, pacer induced arrhythmias, 
experimental aspects of His bundle pacing 


= and problems in sensing in demand pacing. 


Summer 1973, 432 pp., about $21.00 
ISBN 0-8089-0800-6 
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Instant Replay. 
2 Medisystems Cardiac Event Recorder eliminates scanning. 


We went right to the heart of the 
problem. The result? A cardiac event 
recorder that eliminates all the 
drawbacks of conventional Holter 
monitoring equipment. 

The Medisystems™ unit combines a 
mini-cassette recorder with a remarkably 
new and innovoative cardiac data 
processor. A unit that's ultra-compact, 
light as a feather, and practically 
unobtrusive. It's worn at the waist and 
connected to the patient by a modified 
Vı electrode configuration. And may be 
worn any length of time. But the 
feature that really makes the 
Medisystems™ Cardiac Event Recorder 
unique is its ability to analyze and record 
all arrhythmias and conduction defects. 
And since only abnormal cardiac 
activity triggers the recorder, it's not 
necessary to record hours of normal 
sinus rhythm. Even artifacts are 
discriminated by the equipment. 

The system also includes a Tape 
Playback Unit that enables the physician 
to transcribe the tapes and obtain an 
ECG printout without sending the tape 
to be scanned. Instant replay that permits 
immediate evaluation. 

For additional information, literature or 
an actual demonstration ... call or write 
us today. 


ERD, 

TT MEDISYSTEMS™ from 
Mediscience Technology Corp 

25 Lees Avenue / Collingswood, N J 08108 
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digitalization’? 


Then speak to your 
laboratory—they can 
now help you monitor 
digoxin and digitoxin 
blood levels. 


Clearly the digitalis glycosides have been a mixed 
blessing. Their potential for good is inevitably coupled 
with the possibility of harmful effects due to inadequately 
low or toxically high blood levels. And then, as if the 
narrow margin of safety weren’t enough, we also began to 
realize that there are variations in bioavailability of 

these glycosides. From glycoside to glycoside. From 
company to company. From one route of administration 
to another. From dosage form to dosage form. Sometimes 
even from lot to lot. 

Yet, despite these multiple uncertainties, no really 
practical tool existed for monitoring digitalis glycoside 
blood levels. The result, according to some observers, can 
be serious. One worker stated that perhaps 20 to 25% 
of all digitalized patients are actually overdigitalized to the 
point of toxicity and that this situation had reached 
epidemic proportions.'") Another reported that the mortality 
rate from overdigitalization ranges from 3% to 21%." 


— 





And in the same study, 11% of the digitalized patients 
previously thought to be on adequate daily maintenance 
therapy were actually shown to be underdigitalized. One 
recent report indicated that while an oral digoxin solution 
was completely absorbed, a digoxin tablet was only 

75% absorbed." 

Those are the problems. Now the news here is this: 
new radioimmunoassay techniques have been developed 
for monitoring digoxin and digitoxin blood levels. These 
are perfectly practical methods that offer exceptional 
sensitivity and specificity. So, if you're concerned about 
the problems of overdigitalization and underdigitalization, 
speak to your laboratory about the availability of these 
new radioimmunoassays. They can help minimize a 
serious problem. Perhaps you'll also be interested to know 
that we supply radioimmunoassay kits for renin activity and 
vitamin B,. determinations. These, too, are characterized 
by unusual sensitivity, speciiicity and precision. Once 
again, speak to your laboratory. For further information, 
write Schwarz/Mann, Mountain View Avenue, Orangeburg, 
New York 10962. 


(1) J. F. Doherty, Annals of Internal Medicine, May 1971. 

(2) G. A. Beller, et al., New England Journal of Medicine, 
May 6, 1971. 

(3) D. H. Huffman, et al., JAMA, November 20, 1972. 
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Can you afford to be without it? 


This is the Physio- 
Control Series 70, a full 
400 watt-second D. C. 
defibrillator. It is one of 
the most valuable pieces 
of emergency equipment 
you can own, though its 
cost is less than any de- 
fibrillator unit now on 
the market. 

The Series 70’s modest 
cost means that hospi- 
tals, clinics, group prac- 
tices, nursing homes even 
private practices can af- 


ford to have a defibrilla- 
tor on hand for cardiac 
emergencies. More im- 
portant, if your practice 
includes the administer- 
ing of general anesthetics 
or the use of other drugs 
or procedures such as 
stress testing that can re- 
sult in ventricular fibril- 
lation, the Series 70 may 
not only save your pa- 
tient’s life, in many states 
it could save your prac- 
tice from a ruinous law- 
suit. 


Designed for simplic- 
ity and reliability of op- 
eration, the Series 70 re- 
flects the high quality of 
the entire family of de- 
fibrillators from Physio- 
Control, the company 
that pioneered D. C. de- 
fibrillation in 1961, and 
continues to be a leader 
in the design and manu- 
facture of defibrillators. 

To get more informa- 


tion about the Series 70, 
or any of the other fine 
instruments and products 
from Physio-Control, 
contact: Physio-Control 
Corporation, 2607 2nd 
Ave., Seattle, Washing- 
ton 98121. Telephone 
(206) 624-4824. Telex 
32-0166. Cable Address: 
Physio Sea. 
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With 65 years of manufactur- 
ing, refining and improving 
aneroids for the medical 
profession, and with over three 
million in use today, Tycos 
sphygs still lead the field in 
accuracy, speed and innovation. 


The big wall sphyg offers out- 
standing advantages for many 


- TheThree 


from Tycos. 


hospital locations and Ra q 


physicians’ examination rooms. 
With a big 6%” dial and swivel 
bracket, it’s easy to read from 
anywhere in the room from 
any angle desired. 


The hand and pocket aneroids 
are quality diagnostic 
instruments. Their compactness 
and light weight make them 
easy and comfortable to carry 
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in pocket or bag. For the busy 
practitioner they can be counted 
on to give every day top 
performance. 


All three sphygs have the 
exclusive Tycos visual check 
for accuracy, and are backed 
by the famous Tycos 10-year 
warranty. When blood-pressure 
readings can be as simple as 
telling the time, why look for 
anything else. Ask your Tycos 


Sphygs 








medical supply dealer to show 

you the three sphygs and all 

the other quality Tycos 
medical instruments. 


Taylor Instrument/Health Care Products 
Arden, N. C. 28704 
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Potassium loss in patients sensitizes the heart to digitalis intoxi Y ORUONEY TOUTA ee TINN ORNIGA GONDE. 
k l gitalis intoxication even with recommended d i i 
agents as well as electrolyte manipulations by the physician are maj j nee GOSEN AnS Ciuropo 
Under these conditions, it m y ajor causes of potassium depletion in cardiac patients. 
tree wine oh ay be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
Digoxin is usually ineffective in cases of cardiac failure due t i i i i 
i: : ? o mechanical c 
meee tt a denen Gin a or to disorders not primarily of oe ae ises eia AA 
able or o digoxin in the presence of active rheumatic carditis, the develo] f j i 
is an indication for its use. pment of cardiac failure 
Effects of Overdosage and Treatment: The symptoms of overdo ith digoxi ite simi 
“aig ser . sage with digoxin are quit j 
with other digitalis preparations. The most common toxic manifestations are oa Ayede Bokpas pake tandha 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 
if necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI = 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 
LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 


0.5 mg. (green) scored, in bottles of 100 and 1,000. 


anoOxXiIN digoxin 


*Complete literature available on request from Professional Services Dept. PML. 


Burroughs Wellcome Co. 
| Research angle Park 
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`» Cope: Cooper Laboratories, Inc., Wayne, N.J. 07470/Ste, Therese, P.Q., Canada 


“The drug 
for oral replacement 
ofpotassiumis — 
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sium chloride 
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AMA Drug Evaluations 1971, First Edition, 
Chicago, American Medical Association, p. 121. 


Kay Ciel Elixiris — 
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COMPOSITION: Each 15 cc. (one table- 


spoonful) contains potassium chloride 1.5 


Gm., supplying 20 mEq. of elemental 
potassium, in a cherry-flavored, palatable 
base, alcohol 4%. Contains no sugar. 
INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake 

of potassium or as a result of excessive 
vomiting and diarrhea, 
CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, 
dehydration, heat cramps, and hyper- 
kalemia. 

PRECAUTIONS; Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corfesponding daily dose is 


. ô 


otassium chloride... 
astes good too! 


often not known. Excessive or even thera- 
peutic dosages may result in potassium 
intoxication. Patients should be frequently 
checked and periodic ECG and/or plasma 
potassium levels made. High plasma con- 
centrations of potassium ion may cause 
cardiac depression, arrhythmias or arrest. 
Use with caution in patients with Cardiac 
disease. In hypokalemic states, attention 
should be directed toward the correction 
of the frequently associated hypochioremic 
alkalosis. 

SIDE EFFECTS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, 

fall in blood pressure, cardiac arrhythmias, 
and heart block. When hyperkalemia 
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exists, it should be promptly treated v“th l 
the discontinuance of potassium adminis- { 
tration or other steps to lower serum lev: S- $ 
if indicated, since sudden shiftin plasma 
levels may induce potentially dangerous" | 
cardiac arrhythmias. s j 
DOSAGE AND ADMINISTRATION: Adults, 

one tablespoonful (15 cc.) diluted in one 

glass of water, twice daily after the 

morning and evening meal. Larger doses 

may be indicated according to the indi- À 
vidual patient's requirements but should t 
be administered under close supervision 
due to the possibility of potassium intoxi- 
cation. Patients should be cautioned to 
follow directions explicitly in regard to 
dilution of Kay Ciel Elixir to prevent 
gastrointestinal injury. ; 
HOW SUPPLIED: One pint and one gallon 
bottles, 
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